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ABSTRACT

Background: The objective of this nationwide case-control study was to evaluate the

risk of specific malignancy in diabetic patients who received thiazolidinediones

(TZDs);

Methods: A total of 606,583 type 2 diabetic patients, aged 30 years and above,

without a history of cancer were identified from the Taiwan National Health Insurance

claims database during the period between I January 2000 and 31 December 2000. As

of 31 December 2007, patients with incident cancer of liver, colorectal, lung, and

urinary bladder were included as cases and up to four age- and sex-matched controls

were selected by risk-set sampling. Logistic regression models were applied to

estimate the odds ratio (OR) and 95% confidence interval (Cl) between TZDs and

cancer incidence.

Results,:: A total of 10,741 liver cancer cases, 7,200 colorectal cancer cases, and

70,559 diabetic controls were included. A significantly lower risk of liver cancer

incidence was found for any use of rosiglitazone (OR: 0.73, 95% CI: 0.65-0.81) and

pioglitazone (OR: 0.83, 95% CI: 0.72-0.95), respectively. The protective effects were

stronger for higher cumulative dosage and longer duration. For colorectal cancer,

rosiglitazone, but not pioglitazone, was associated with a significantly reduced risk

(OR: 0.86; 95% CI: 0.76-0.96). TZDs were not associated with lung and bladder
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cancer incidence although a potential increased risk for bladder cancer with

pioglitazone use ~3 years could not be excluded (OR: 1.56; 95% CI: 0.51-4.47).

ConClusion: The use of pioglitazone and rosiglitazone is associated with a decreased

liver cancer incidence in diabetic patients. The effects on occurrence of specific

cancer types may be different for pioglitazone and rosiglitazone.

Keywords: Thiazolidinediones; Neoplasms; Diabetes Mellitus; Vital Statistics;

Case-Control Studies
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INTRODUCTION

Both diabetes and cancer are common diseases that have tremendous impacts on

health Worldwide and the prevalence of both diseases is increasing globally. The

diagnosis of cancer and diabetes in the same individual occurs more frequently than

would;'be expected by chance. [1-2] Diabetes has been consistently associated with an

increased risk of cancers of the liver, pancreas, and endometrium despite the

as~ociation with the occurrence of other cancers is inconclusive. [3] A recent

meta-analysis reported that the hazard ratio among persons with diabetes compared

wrfhthose without diabetes was 1.25 (95% CI: 1.19 to 1.31) for death from cancer,

moderately associated with death from cancers of the liver, pancreas, ovary, colorectal,

lung, bladder, and breast. [4J

Many factors may affect the positive association between diabetes and cancers.
_..(....,.; +~~;~f~~·,~ ,,., .'.,

Potential risk factors common to both diseases include age, sex, obesity, physical

activitYI diet, alcohol, and smoking. [5-10] Furthermore, diabetes treatment might

infli:reftce cancer risk and cancer prognosis. Evidence from observational studies

indicates that oral hypoglycemic agents and insulin are associated with either an

incr~as:ed or reduced risk of cancer. [2]
·1~:~,1"_~f:fI'.j;A:,;:: .<,'-

"Thiazolidinediones (TZDs) are insulin-sensitizing peroxisome

proliferator-activated receptor (PPAR)-y agonists, available drugs including

pioglitazone and rosigJitazone in this class. Laboratory studies showed that PPAR-y

agonists might have anti-cancer activities, such as growth inhibition, induction of

apoptosis, and cell differentiation. [11-13] In contrast, preclinical studies showed that

bladde-rtumors were observed in male rats receiving doses of piogJitazone that

produced blood drug levels equivalent to those resulting from a clinical dose. [14J

Additionally, results from a three-year placebo-controlled trial of pioglitazone
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demonstrated a higher incidence of bladder neoplasm in patients receiving

pioglifazone. [15] While a meta-analysis of randomized clinical trials found that

rosiglitazone was not associated with a significant modification of cancer risk,

epidemiologic data regarding individual sites of cancer risk associated with different

TZDs were inconsistent. [16-20] Therefore, the objective of this study was to conduct

a nested case-control study based upon a nation-wide health insurance claims database

in Taiwan to assess the association between TZDs (both pioglitazone and

rosiglitazone) and the occurrences of liver, colorectal, lung, and urinary bladder

cancers.

METHODS

Data source
..,/.

The Taiwan National Health Insurance (NHI) claims database includes complete

outpatient visits, hospital admissions, prescriptions, disease and vital status for 99% of

the population of 23 millions in Taiwan. We established the longitudinal medical

history of each beneficiary by linking several computerized administrative, claims

datasets, and National Cancer and Death Registry through the date of birth and the

civil identification number unique to each beneficiary. The protocol of this study was

approved by the National Taiwan University Hospital Research Ethics Committee.

Source population

Data for all patients with any diabetes diagnostic codes (The International

Classification of Diseases, 9th Revision, Clinical Modification, ICD-9-CM code 250

, and A code 181) in the claims database between I January 2000 and 31 December

2000 were retrieved. An algorithm including age, number of outpatient visits, number
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of hospitalizations, and the hospital level was used to identify potential diabetic

patients with improved accuracy. This definition of diabetes was evaluated by a study

sampling 9,000 patients with a diagnosis of diabetes in the NHI claims data in 2000.

The diagnostic accuracy of diabetes was assessed based on patient response to a

questionnaire concerning I) being told by doctors to have diabetes or 2) ever use of

oral hypoglycemic agents or insulin injections. Subjects who gave negative or

uncertain answers but were using hypoglycemic agents in the phannacy claims

database were also classified as diabetic. Validation of this algorithm by which

640,173 patients were identified, demonstrated 93.2% sensitivity and 92.3% positive

predictive value.

Study design

Because diabetic patients may receive highly variable anti-diabetic therapies in

terms of drug regimens, dosage, duration, and other concomitant drugs and

confounding factors are constantly changing over time in a long-term observational

follow-up study, there are complex analytical difficulties for a cohort analysis to be

attemPted. Instead, a nested case-control approach is a useful alternative of cohort

analysis to study time-dependent exposures. [21] The risk estimates from cohort and

nested case-control analyses should be identical if confounding is fully controlled in

both analyses. The superior computational efficiency by nested case-control study

design may be particularly useful in case rare outcomes are encountered. [22]

Study groups

First, we excluded patients aged <30 and> I00 years old. To enroll patients with

type 2 diabetes, we further excluded those who I) had a hospital admission with a
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discharge diagnosis of insulin dependent diabetes mellitus (ICD-9-CM code 250.x I,

2.50.x3), or 2) received a catastrophic illness certificate issued by the Department of

Health for type I diabetes (Figure l). Patients were classified as having prevalent or

newly-diagnosed type 2 diabetes according to the criteria in 1999. Those who had a

history of cancer recorded in the National Cancer Registry anytime before the cohort

entry date,that is, date of diabetes diagnosis for newly diagnosed patients and I

Januaryi,2000 for prevalent patients, were also excluded. Patients were followed from

1 January 2000 (for prevalent type 2 diabetes patients) or the date of diabetes

diagnosis in 2000 (for newly diagnosed type 2 diabetes patients) to the earliest of

cancer diagnosis, death, disenrollment from the national health insurance, or 31

December 2007.

All individuals in the study cohort with the first occurrence of liver, colorectal,

lung, and urinary bladder cancer were included as cases. All potential cases were

validated by a linkage through National Cancer Registry.

Arisk-set sampling (that is, controls sampled from those in the original study

cohort who remained free of outcome at the time point when a case occurred)

matched on age (within 5 years), sex, and the number of days of follow-up was used

to fintlcdtiftols for the cohort. For newly-diagnosed type 2 diabetes patients, cases

and corttrols were also matched on anti-diabetic treatment duration (within 30 days) at

cancer diagnosis. For newly-diagnosed diabetic patients, this scheme that matched

follow-up duration would have, by design, also taken diabetes duration into

consideration. For prevalent patients with unknown duration, we selected controls

with the same follow-up duration to reduce the confounding effect by diabetes

duration. Up to four controls were selected for each case.

9
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Exposure ascertainment and covariates adjustment

The main exposure of interest was the use of rosiglitazone and pioglitazone, which

entered Taiwan's market in March 2000 and June 2001 respectively. We collected

information of prescribed drug types (according to the anatomic therapeutic chemical

ATC classification system, AIOBG02 for rosiglitazone and AlOBG03 for

pioglitazone), dosage, date of prescription, supply days, and total number of pills

dispen~ed from the outpatient pharmacy prescription database. The mean daily dose

for each individual was calculated as dividing the cumulative number of pills by the

follow-up duration. Subsequently, the defined daily dose (DDD) was then established

by an expert panel according to the relative amount compared to the typical

maintenance dose for an adult. Other medications, including biguanides (ATC code

AlOBA), sulfonylurea (AlOBB), alpha glucosidase inhibitors (AIOBF), glinides

(AlOBX02, AIOBX03), fast-acting insulins (AlOABOI, AlOAB02, AIOAB03,

AlOAB30), insulin glargine (AlOAE04), statins (ClOAA), and low dose aspirin

(BOIAC06), angiotensin converting enzyme inhibitors (C09AA), angiotensin receptor

blockers (C09CA), beta-blockers (C07A), and calcium channel blockers (C08C,

(i;08Dt(;:08E), were also recorded and reported.

We also incorporated inpatient and outpatient diagnosis files to ascertain the

history of cardiovascular disease, peripheral vascular disease, cerebrovascular disease,

retinopathy, nephropathy, neuropathy, depression, chronic kidney disease, chronic

liver disease, and chronic lung disease based on ICD-9-CM codes. Patients were

classified as having chronic liver disease if they had at least one hospital admission or

outpatient visit with a diagnostic code of hepatitis B virus infection (ICD-9-CM codes

070.2x, 070.3x, Y02.61), hepatitis C virus infection (070.41, 070.44, 070.51, 070.54,

Y02.62), chronic hepatitis (571.4), liver cirrhosis (571.2, 571.5, 571.6), or alcoholic

10

Hepatology

Page 10 of 44

----_.. - ._------------



Page 11 of 44 Hepatology

lIver disease (571.0x, 571.1 x, 571.2, 571.3x). Previous validation study using hospital

administrative database reported a positive predictive value of 90% with this

definition. [23] Covariate information included age, gender, and the socio-economic

st~Jg~,,~~..e., using monthly income as a proxy).

Statistical analysis

C6nditionallogistic regression was used to estimate the crude and adjusted odds

ratio (OR) and 95% confidence interval (CI) for the association between

{B:~'~l'itazonefpioglitazone and cancer occurrence with "nonuse." Potential covariates,

including socioeconomic status (monthly income level), diabetes complications and

co-morbidities at cancer diagnosis, other anti-diabetic agents, antihypertensive

medications, statin, and aspirin, were examined. In the multi-variable analysis, we

adjusted for the use of short-acting human insulin, sulfonylurea, metformin, as these

anti-diabetic agents were reported to be associated with cancer risks and could

p6tetit¥flly confound the association. Other variables were chosen by using stepwise

$election with p values < 0.10 for model entry and> 0.05 for removal. The association

l5etween rosiglitazonefpioglitazone and individual cancer incidence was separately

estimated after adjustment for potential confounders specific to that cancer type. In

the dose- and duration-response analyses, we calculated the odds ratios for higher

(e120 QDD) and lower cumulative dose «120 DDD) use, and for cumulative

treatment duration e3, 2-3, 1-2, and ~1 years. Two-sided p value <0.05 was

considered statistically significant.

Approximately 15% participants claimed at lease one prescription for

pioglitazone. Assuming a correlation coefficient for pioglitazone use between case

and control was 0.5 and an odds ratio was 0.8, a study of 2,500 cases and 4 controls

11

Hepatology

-----------_. ._-------_..-_._----._-------



Hepatology

for each case would have a power ;::'80% at a =0.05.

REStJtTS

During the period between 1 January 2000 and 31 December 2000, a total of

640,173 patients were initially identified by the algorithm (Figure I). Among them,

606,)83 patients, including 497,663 prevalent type 2 diabetes and 108,920 newly

diagno~ed type 2 diabetes, were included in the analysis after excluding those who

aged <30 or>100 years, who were type 1 diabetes, and who already had prevalent

cancer. These patients were followed for a median of 7.9 years. Meanwhile, a total of

174,800 (27.3%) patients died while only 1,566 (0.2%) were lost to follow-up due to

discontinuation from or drop-out of health insurance.

During the study period, the number of oral anti-diabetic agents (mean ± standard

deviation) was 2.62±1.07 and the mean daily dosage was 1.18±0.92 DDD per day.

Metformin and sulfonylurea were the most commonly used oral anti-diabetic

mediGations (83.5% and 88.4% of the study population, respectively). In the diabetic

cohort, 324,773 (50.7%) had ever used insulin therapy during the study period.

Approximately 26.1 % of the patients ever received rosigli tazone and 14.1 % did

pioglitazorie. The mean cumulative duration was 522 days and the mean daily dosage

was 0.14 DDD/day for rosiglitazone, as compared with 375 days and 0.11 DDD/day

for pioglitazone. Because of the concern that physicians might preferentially prescribe

TZDs to patients with normal liver function, we compared the proportion of diabetic

patients with chronic liver disease (hepatitis B virus infection, hepatitis C virus

infection, chronic hepatitis, liver cirrhosis, and alcoholic liver disease) among control

subjects (a representative sample of the study population) who received different

types of anti-diabetic therapies. A significantly higher proportion of patients with
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chrohic liver disease were found to have received insulin, rosiglitazone and/or

pioglitazone than those receiving sulfonylureas, metformin, or diet therapy

(Supplementary Table A). This proportion (about 38%) was also much higher than

that in the general cases and controls (about 18%).

Atotal of 10,741 incident liver cancer, 7,200 colorectal cancer, 5,361 lung cancer,

and 1,583 bladder cancer cases were identified. These cases were age- and

sex;-matched with 99,538 controls (at least 1 and up to 4 eligible controls to each case)

by the risk-set sampling scheme. In general, cancer cases were more likely to be at

lower socioeconomic status, and more likely have diabetes-associated complications

(retinopathy, neuropathy, and nephropathy), cardiovascular disease, chronic kidney

diseases, liver diseases, and lung diseases. The cases were also more likely to have

received fast-acting insulin and insulin glargine, and glinides, while fewer of them

have received statins before cancer diagnosis as compared with controls (Table 1 for

liver cancer and Table 2 for colorectal cancer). Despite similar proportion of overall

cancer cases and controls received metformin and sulfonylurea, the mean daily dosage

of these two anti-diabetic agents in overall cancer cases were significantly higher than

those for matched controls (data not shown). (Associations with specific sites cancer

were reported below.) Regarding to antihypertensive therapy, higher proportion of

cancer cases had ever used beta-blockers and calcium channel blockers.

In the univariate analyses, we found a negative association between
..

pioglitazone/rosiglitazone and liver cancer incidence, and a positive one between

rosigiitazone and lung cancer. After controlling for potential confounding variables

including short-acting human insulin, metformin (mean daily dosage in quartiles),

sulfonylurea (mean daily dosage in quartiles), number of oral anti-diabetic agents,

chronic liver disease, statins, aspirin, beta-blockers, chronic kidney disease, glinides,

13
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rtephropathy, cerebrovascular disease, calcium channel blockers, cardiovascular

disease; and chronic lung disease, a significantly decreased risk of liver cancer

incidence was found for any use of rosiglitazone (OR: 0.73, 95% CI: 0.65-0.81) and

piogHtazone (OR: 0.83, 95% CI: 0.72-0.95) respectively (Table 3), in contrast to the

adjusted ORs of 2.35 (95% CI: 2.21 - 2.49) for short-acting insulin, 1.05 (95% CI:

0.93-1.18) for sulfonylurea, and 0.77 (95% CI: 0.69-0.85) for metformin. The

protectif've effects were even stronger for higher cumulative dosage ~120 DDD (OR

0.64; 95% CI: 0.56-0.72 for rosiglitazone and OR 0.80; 95% CI: 0.67-0.95 for

pioglitazone) and for cumulative treatment duration ~3 years (OR 0.64; 95% CI:

OA9-0.85 for rosiglitazone and OR 0.44; 95% CI: 0.23-0.86 for pioglitazone). Risk

estimates were similar between prevalent and newly-diagnosed type 2 diabetes

patients. Due to the high prevalence of hepatitis Band C infection, the analysis was

further stratified to those with and without chronic liver disease. The risk reduction

Cyspecially in high and prolonged dosage of rosiglitazone and pioglitazone) in liver
j-"

Cancer was mostly seen in the patients with prevalent chronic liver disease (Table 4).

For colorectal cancer, rosiglitazone was associated with a significantly decreased

risk (OR: 0.86; 95% CI: 0.76-0.96) with more prominent effect among those with the
:,.

hjghest\~umulative dose (OR: 0.79; 95% CI: 0.67-0.92) (Table 5). In contrast,

pioglitazone was not associated with a significantly protective effect for colorectal

cancer ~lthough a trend of negative association was also found. The characteristics for

cases and controls of lung and bladder cancer were summarized in Supplementary

Tables Band C. No relation between rosiglitazone/pioglitazone and lung or bladder

cancer was found although the ORs were above 1.0 (Supplementary Tables D and E).

Dosage and duration response relationship was not evident between the use of

rosiglitazone and pioglitazone and these two types of cancer. An increase in bladder
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cancer risk was observed with pioglitazone use ~3 years (OR: 1.56,95% CI:

0.51-4.47), which did not reach statistical significance.

The cancer risk associated with anti-diabetic therapies other than TZD were also

reported (Supplementary Table F). In general, short-acting human insulin,

sulfonylureas, and glinides were significantly associated with an increased risk for

liver, colorectal, and lung cancer. In contrast, metforrnin was associated with a

decreased risk for liver cancer.

DISCUSSION

Consistent with previous in-vitro studies on TZDs which showed

anti-proliferation and pro-differentiation effects, our data have provided an association

between the clinical use of TZDs and a reduced risk for several cancer incidence, in

'1'"

particular, liver cancer. The association became stronger when the duration of TZD

use was longer and the dosage was higher. Rosiglitazone, but not pioglitazone, was

associated with a significantly reduced risk for colorectal cancer. No association

between both TZDs and lung and bladder cancer was observed.

Previous reports on the association between TZD use and cancer incidence have

been inconsistent. The report from the data obtained from the Veterans Integrated

Services Network 16 (VISN 16) cohort of 87,678 individuals showed a 33% reduction

in lung cancer risk among TZD users compared with nonusers (relative risk: 0.65,

95%C1: 0.51-0.87). However, as rosiglitazone and pioglitazone were combined

together, the risk reduction for colorectal cancer did not reach statistical significance.

[18J In contrast, the present study results did not show a decreased risk for lung cancer.

Although numerous in-vitro studies support the protective effect of TZDs in lung

cancer, the specific tissue or type of cancer and its stage might contribute to the

15
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effit'aey or failure of TZDs as anti-neoplastic agents. [19-20,24-29] Since the risk

factors, genetic expressions, and pharmaceutical responses of lung cancer of the

Taiwanese differ significantly from those in the western countries, there might also be

a differential response to TZDs. [30]

.,Q,~ the contrary, our analysis showed a protective effect of rosiglitazone on

colorectal cancers, which was not evident in the VISN 16 cohort. In animal studies,

PPAR-,X agonists inhibited tumor growth and colon carcinogenesis through induction
, ,'A.'

of apoptosis and suppression of the cell cycle. [31-34] The current study, to the best of

our knowledge, provides the first evidence that rosiglitazone but not pioglitazone

might reduce the risk of colorectal cancer.

It is initially surprising that both pioglitazone and rosiglitazone are associated

with a reduced risk for liver cancer. Hepatocellular carcinoma, one of the most

incident, prevalent, and lethal malignancies in Taiwan, is regarded as a late-stage

sequel of chronic infection of hepatitis Band C. [35-36] With only a few exceptions,

. the development of hepatocellular carcinoma almost exclusively follows the sequence

of chronic hepatic inflammation, cirrhosis of the liver, repair and regeneration of

':hepad~;'cells,and then, carcinogenesis. [37] This might explain the finding that risk
:','" ? ~~~or\>; :,_ ..:,"

reduction was more evident in the patients with chronic liver disease. Despite the

concern that physicians may preferentially prescribe TZDs to patients with better liver

function (i.e., confounding by contraindication), the present study showed that among

patients receiving rosiglitazone and/or pioglitazone, there were significantly higher

F'F~po'rtion of patients with chronic liver disease, as compared with those receiving

sulfofiylureas, metformin, or diet therapy. This finding suggests that in Taiwan,

diabetic patients with abnormal liver function, on the contrary, are more likely to have

ever received TZDs. One explanation of this contradiction was that other anti-diabetic

16
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medications, such as sulfonylurea and metformin, might be associated with more

frequent adverse effects among these patients. Although the possibility of residual

confounding by contraindication among those with abnormal liver function tests can

llot<be excluded, the observed protective effects of rosigJitazone and pioglitazone

were less likely due to physicians' reluctance to prescribe rosiglitazone and/or

pibg1itai()n~ to patients with chronic liver disease. Currently, there are many clinical

i'nvestigations concerning anti-viral therapy and interferon-a in the treatment of

chronic hepatitis, aiming to stop the progression to cirrhosis and hepatocellular

carcinoma. [38-40] TZDs may be considered a new component in the combination

therapy because the protective effect is most prominent in the patients with chronic

liver disease.

The present study also demonstrated that use of the use of insulin, sulfonylurea,

and glinides also increased the risk of cancer. The finding that both insulin and oral

insulin secretagogues confer an increased risk suggests that an increasing insulin level

plays an important role in carcinogenesis. [41] Insulin sensitizers (metformin and

TZDs) do not increase insulin concentrations and, theoretically, may not influence the

risk of cancer occurrence. The finding that metformin was associated with a decreased

risk for liver cancer was comparable to the results in previous reports. [42] Further

studies were warranted to elucidate the potential role of metformin to reduce the

cancer risk among diabetic patients.

the strength of the current study includes that, on a national scale, there are far

mot:e cancer cases compared to previous epidemiological studies. As rosiglitazone and

pioglitazone entered Taiwan's market in 2000 and 2001 respectively, diabetic patients

in this study were all new-users to these two drugs and hence allowed us to capture all

cancer occurrences following TZDs treatment initiation. [43] Furthermore, this

17
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case-control study was designed to be nested within a clearly-defined diabetic cohort.

Each diabetic patient was followed from cohort entry (date of diabetes diagnosis for

newly diagnosed patients and 1 January 2000 for prevalent diabetes) to the earliest of

c.ancer diagnosis, death, or December 31 2007. The cumulative dosage of TZDs and

other anti-diabetic therapy during the follow-up period were calculated and drug

exposfu~~Xperiences were compared between cancer cases and controls selected by

risk-set sampling matched on age, sex, and follow-up time. This analysis accounted

for the individual and time-varying nature of different glucose-lowering treatments

anct'eIiminated the bias introduced by defining treatment groups based on follow-up

information.

There are also limitations in this study. First, we did not have the information of

lifestyle risk factors or family history of cancer; there might be residual confounding

by duration or severity of diabetes, as well as by obesity, smoking, and physical

ipactivity. Due to lack of data about patients' level of glycemic control, we could not

examine whether a better glucose lowering effect by TZDs as compared with nonuse

may!;e?r'plain the association with a reduced cancer risk. Second, as our average
,!f

cumulative treatment duration of TZDs was relatively short, we were not able to

examine the long-term effect of TZDs on cancer occurrence. Third, we observed

differential associations between pioglitazone and rosiglitazone with specific sites of

cancer. Despite there are numerous in-vitro and animal studies that support the

protective effects of TZDs, we are not able to identify the exact underlying

physiological pathways that result in a reduced cancer risk and that differentiate

pioglitazone and rosiglitazone. Fourth, one of the most recent studies included

193,099 patients in the Kaiser Permanente Northern California diabetes registry who

were 2:40 years of age demonstrated that short-term use of pioglitazone was not

18
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.associated with an increased incidence of bladder cancer (HR 1.2,95% CI 0.9-1.5),

but use for more than 2 years was weakly associated with increased risk (HR: lA,

95% CI: 1.03-2.0). Our results did not show a significant association in spite of a

tenGiellcy to an increased risk. Due to the limited case number in bladder cancer, we

could not exclude the possibility that a prolonged use of pioglitazone might

potentiatI8,ii'ncrease the risk for bladder cancer. [44] Fifth, PPAR-y is one member of

.the nuclear receptor super.family that contains in excess of 80 described receptors.

Once activated, PPAR-y will preferentially bind with retinoid X receptor a and signal

antiproliferative, antiangiogenic, and prodifferentiation pathways in several tissue

types, thus making it a highly useful target for down-regulation of carcinogenesis. [13]

Rosig1itazone has PPAR-y activity but pioglitazone has both PPAR-a and PPAR-y

activities. The mediation of cancer initiation and progression through dependent and

.-oj"'''i

indepe~dentpathways may also differ between rosiglitazone and pioglitazone. [45]

Tli}e differential selectivity in activating PPAR signaling pathways might explain the

cancer risk of different sites, but the true mechanisms remain to be clarified. Finally,

ttBlfare contraindicated in the patients with congestive heart failure. [46]

pi~~litazone androsiglitazone show different cardiovascular safety profiles. [IS,

47-50] We are not sure whether the reduced cancer risk could compensate for the

pote,~tiftlly increased cardiovascular risk. The overall risks and benefits of TZD should

be evaluated.

In conclusion, the results of this study show that both pioglitazone and

ros~gli,tazone reduce the risk of incident liver cancer in type 2 diabetic patients. There

is a better protection against cancer occurrence associated with a longer use and

:higher doses of thiazolidinediones. The association with individual sites of specific

cancer differs between pioglitazone and rosiglitazone, and the underlying mechanisms
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Diubetic patients during 1 Januilry 2000·31
December 2000 (N = 640,173)

Excluded due to:

Age<30 or >100 (N =8.318)

Potenlial type I diabeles (N =1,707)

Type 2 diabetic patients potentially eligible for
"tudy inclusinn (N = 630,148)

Excluded:

PaLlcnl~ already had prevalent cancer recorded in
the National Cancer Rcgiloitry al or be·fore COhOl1

entry (N = 23,565)

Number of prevalent type 2 diabetes patients in
Iho cohorl: 497,663

Number of newly-tliagnosed type 2 diabetes
palient' in the cohoI''' IOB,920

Number of incident cnncer patients included in
!.he unaJysL.'i:

Liver: 10,741

Colorectal: 7,200

Lung: 5,361

Urinary bladder. 1,583

Number of age i:lnd sex mULched controls by
risk set s~i.mpling:

Liver. 41,847

Colorcctal: 28,712

Long: 21.313

Urinary bladder: 6.308

147x219mm (300 X 300 DPl)
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Table 1. Characteristics, comorbidities, and medication use among incident
li ver cancer cases and matched controls

Cases Controls Crude odds
(N=10,741) (N = 41,847) ratio (95% Cl)

Age at cancer diagnosis (mean ± SD) 66.66±9.88 66.71 ±9.98 -
Male (%) 64.03 63.86 -

Diagnosis year
,40;00; 1,314 5,144 -
2001 1,458 5,613 -
2tJOi2 1,386 5,397 -
2003 1,353 5,277 -
2004 1,364 5,379 -
2005 1,341 5,225 -
2006 1,349 5,162 -
2007 1,176 4,650 -

Socioeconomic status (monthly
income in NTD, %)

:!>17,280 36.91 37.15 Reference
17,281-22,800

45.95 41.99 1.10
(1.05-1.15)

22,801-28,800
s.ci5 5.49

0.92
(0.83-1.02)

28,801-36,300
5.01 5.61 0.89

(0.81-0.99)
36,301-45,800

4.11 5.13
0,80

(0.72-0.89)
>45,800

2.97 4.63
0.64

(0.56-0.72)
Comorbidities (%)
Cardiovascular disease 79.67 80.90 0,91

,','.- ',- (0.86-0,97)
Pertpheriil vascular disease 6.28 5.46 1.17

( 1.07-1.28)
Cerebrovascular disease 25.95 27.25 0.93

. ':Retihopathy
(0.89-0.98)

27.99 26.18 1.10
( 1.05-1.16)

Neuropathy 43.63 40.34 1.16
(1.11-1.21)

Nephropathy 61.13 51.05 1.60
(1.53-1.68)

Depression 8.00 6,31 1.30
(1.20-1.41 )

Chronic kidney disease 11.67 8,25 1.48
(1.3 8-1.59)

Chronic liver disease 82.59 30,04 12.80
(12.04-13.61)

Chronic lung disease 15.84 14.63 1.10
(1.04-1.17)

Charlson's index (mean ± SD) 5.25±2.89 3.43±2.26 J.39
(1.38-1.40)

Medication use before cancer diagnosis
(%)
Metformin 79.00 79.98 0.93

(0.88-0.99)
Mean daily dosage among users 0.26±0.29 0,18±0.21 5.59

(5.09-6.14 )
Sulfonylurea 91.61 90.58 1.16

Hepatology
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(1.07 -1.25)
Mean daily dosage among users 0.68±0.58 0.41±0.43 3.37

(3.21-3.53)
Alpha-glucosidase inhibitors 17.64 15.64 1.18
.• < (I. 11-1.25)

Thiazolidinediones 17.04 17.79 0.94
(0.88-1.00)

Pioglltazone 4.41 5.03 0.87
(0.78-0.96)

Rosiglitazone 14.78 15.56 0.93
(0.87-0.99)

Glinides 15.36 11.89 1.38
(1.29-1.47)

Mean number of oral anti-diabetic agents 2.22±1.10 2.17±1.08 1.05
(mean ±.SD) (1.03-1.08)
Shott-acting human insulin 47.31 26.57 2.64

(2.53-2.77)
insulin glargine 0.80 0.59 1.38

(1.07 -I. 77)
Statins 16.53 29.02 0.45

(0.43-0.48)
Aspirin 42.07 46.74 0.81

(0.77-0.85)
ACE inhibitors 52.14 52.26 0.99

(0.95-1.04)
Angiotensin receptor blockers 28.41 28.25 1.01

(0.96-1.06)
Betacbl!OOkers 56.21 48.90 1.38

(1.32-1.44 )
"@,t:t!.ciu,miIChannel blockers 64.10 60.68 1. 18

(1.13-1.24)

2

Hepatology



Hepatology

Table 2. Characteristics, comorbidities, and medication use among incident
colorectal cancer cases and matched controls

Cases Controls Crude odds
(N = 7,200) (N=28,712) ratio (95% CI)

Age at cancer diagnosis (mean ± SD) 70.17±9.41 70.24±9.41 -

,Male (%) 54.21 54.16 -
Diagnosis year

2000 864 3,424 - I
200 I 818 3,283 -
2002 898 3,574 -
2003 922 3,657 -

,,41)0,4' 971 3,888 -
2005 890 3,542 -
2006 900 3,626 -
2007 937 3,718 -

Socioeconomic status (monthly
income in NTD, %)
~17,280 42.4 7 40.85 Reference
17,281-22,800

39.86 41.76
0.91

(0.86-0.97)
22,801-28,800

4.46 4.62
0.92

(0.81-1.05)
28VS.()'r- 36,300

4.94 5.16
0.92

(0.81-1.04)
36,301-45,800

4.39 4.09 1.03
(0.90-1.18)

>45,800
3.88 3.52 1.05

'.' (0.92-1.21 )
Cornorbidities (%)
Cardiovascular disease 86.69 84.59 1.21

(l.12-1.31)
Peripheral vascular disease 5.58 6.03 0.92

(0.82-1.03)
Cerebrovascular disease 31.71 30.37 1.07

(1.01-1.13)
Retinopathy 27.81 27.25 1.03

(0.97-1.10)
Neuropathy 42.40 42.28 1.01

(0.95-1.06)
Nephropathy 61.85 54.29 1.43

(1.35-1.51 )
Depression 6.21 7.15 0.86

(0.77-0.96)
Chronic kidney disease 11.40 8.65 1.37

(1.26-1.49)
Chronic liver disease 32.38 28.93 1.19

(1.12-1.26)
Chronic lung disease 16.31 16.79 0.96

(0.90-1.03)
Charlson's index (mean ± SD) 4.86±3.19 3.60±2.31 1.24

(1.22-1.25)
Medication use before cancer diagnosis
(%)
Metformin 80.07 79.60 1.03

3
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(0.97-1.11)
Mean daily dosage among users 0.29±0.30 0.18±0.21 7.97

(7.12-8.93)
I Sulfonylurea 91.57 90.26 1.20
I (1.09-1.33)I

Mean daily dosage among users 0.69±0.59 0.42±0.44 3.42
(3.23-3.62)

Al~lta·glucosidaseinhibitors 16.17 15.86 1.03
(0.95-1.11)

Thiazolidined iones 17.35 17.78 0,97
(0.90-1.04)

Piq~ljtazone 5.25 5.09 1.03
(0.92-1.17)

Rosiglitazone 14.90 15.48 0.95
,._,.! (0.88-1.03)

Qlinides' 15.31 12.72 1.26
(1.17-1.36)

Mean number of oral anti-diabetic agents 2.22±1,09 2.18±1,09 1.05
(Jl1ean ± SD) (1.02-1.08)
Short-acting human insulin 48.31 27.70 2.62

./:, (2.48-2.77)
Insulin glargine 0.88 0.62 1.42

(1.06-1.90)
Statins' 27.63 29.52 0.90

(0.85-0.96)
Aspirin 51.06 50.18 1.04

(0.99-1.10)
ACE inhibitors 56.58 55.40 1.05

(1.00-1.11 )
Angiotefisin receptor blockers 31.94 30.57 1.07

(1.0] -1.14)
Beta-blockers 57.00 51.94 1.25

(1.18-1.32)
Calcium channel blockers 71.51 65.73 1.35

(1.27- 1.43)
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Table 3. Risk of Ii ver cancer associated with pioglitazone or rosiglitazone use in type 2 diabetic patients
Pioglitazone Rosiglitazone

..;

Number of Number of Crude odds Adjusted* Number of Number of Crude odds Adjusted*
cases controls ratio odds ratio cases controls ratio odds ratio

Nonuse 10,267 39,741 Reference Reference 9,154 35,336 Reference Reference
Any use 474 2,106 0,87 0.83 1,587 6,511 0.93 0.73

(0.78-0.96) (0.72-0.95) (0.87-0.99) (0.65-0.81)
Cumulative dosage

< 120DDD 225 915 0.95 0.87 725 2,483 1.11 0.86
(0.81-1.10) (0.72-1.05) ( 1.02-1.22) (0.75-Q-2lL

~ 120 DDD 249 1,191 0.81 0.80 862 4,028 0.81 0.64
(0.70-0.93) (0.67-0.95) (0,75-0.88) (0.56-0.72)

Cumulative duration
S:l year 352 1,463 0.93 0.87 1,034 3,856 1.02 0.78

(0.82-1.04) (0.74-1.02) (0.95-l.tO) (0.69-0.88)
1-2 years 79 387 0.78 0.80 330 1,457 0.86 0.66

(0.61-1.00) (0.59-1.07) (0.76-0.98) (0.56-0.79)
2-3 years 30 159 0.73 0.71 135 697 0.73 0.59

(0.49-1.08) (0.45-l.l4) (0.60-0.88) (0.46-0.74)
~3 years 13 97 0.52 0.44 88 501 0.65 0.64

(0.29-0.93) (0.23-0.86) (0.52-0.82) (0.49-0.85 )
*M'iJltivariable model with stepwise selection of covariates, including piogiitazone, rosiglitazone, short-acting human insulin, metformin (mean
daily dosage in quartiles), sulfonylurea (mean daily dosage in quartiles), number of oral anti-diabetic agents, chronic liver disease, statins, aspirin,
beta-blockers, chronic kidney disease, glinides, nephropathy, cerebrovascular disease, calcium channel blockers, cardiovascular disease, chronic
lung disease.

5

Hepatology

Page 34 of 44



Page 35 of 44 Hepatology

Table 4. Risk of liver cancer associated with pioglitazone or rosiglitazone use in type 2 diabetic patients with and without

chronic liver disease
Diabetic patients without chronic liver disease Diabetic patients with chronic liver disease

Pioglitazone Ros igli tazone Pioglitazone Rosiglitazone

Crude odds Adjusted* Crude odds Adjusted* Crude odds Adj usted* Crude odds Adj usted *
ratio odds ratio ratio odds ratio ratio odds ratio ratio odds ratio

Nonuse. Reference Reference Reference Reference Reference Reference Reference Reference
Any use 1.11 0.99 1.00 0.85 0.81 0.76 0.88 0.73

(0.85-1.44) (0.72-1.3 6) (0.85-1.18) (0.66-1.09) (0.71-0.93) (0.64-0.90) (0.81-0.96) (0.64-0.83)
Cumulitive dcisage

< 120 DDD 0.94 0.85 1.07 0.92 0.89 0.88 1.10 0.93
(0.63-1.40) (0.54-1.34) (0.84-1.37) (0.67-1.27) (0.73-1.08) (0.70-1.11 ) (0.97-1.24) (0.79-1.10)

=:: 12fll)DD 1.25 1.10 0.96 0.80 0.75 0.68 0.74 0.60
(0.89-1.74) (0.74-1.63) (0.78-1.17) (0.61-1.07) (0.62-0.91) (0.54-0.84) (0.67-0.83) (0.51-0.70)

Cumulative duration
~l year 1.08 0.98 1.02 0.87 0.87 0.82 0.96 0.80

(0.79- 1.47) (0.68-1.42) (0.83 -1.24) (0.65-1.15) (0.74-1.02) (0.68-0.99) (0.87-1.07) (0.69-0.93)
1-2 years 1.05 0.85 0.95 0.83 0.82 0.76 0.83 0.64

(0.60-1.86) (0.45-1.61 ) (0.68-1.31) (0.56-1.22) (0.59-1.14) (0.53-1.08) (0.70-0.98) (0.52-0.79)
2-3 years 1.26 1.16 0.93 0.81 0.59 0.51 0.66 0.51

(0.54-2.94) (0.44-3.06) (0.60-1.44 ) (0.49-1.35) (0.35-1.00) (0.28-0.9 J) (0.51-0.85) (0.38-0.69)
=::3 years 1.93 1.70 1.13 0.83 0.38 0.30 0.64 0.63

(0.53-6.99) (0.40-7.26) (0.66-1.95) (0.45-1.53) (0.17-0.82) (0.13-0.68) (0.47-0.87) (0.45-0.90)
*Multivariable model with stepwise selection of covariates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean
daily dosage in quartiles), sulfonylurea (mean daily dosage in quartiles), number of oral anti-diabetic agents, statins, aspirin, beta-blockers, chronic
kidney disease, glinides, nephropathy, cerebrovascular disease, calcium channel blockers, cardiovascular disease, chronic lung disease.
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Table 5. Risk of colorectal cancer associated with pioglitazone or rosiglitazone use in type 2 diabetic patients
Pioglitazone Rosiglitazone

", Number of Number of Crude odds Adjusted* Number of Number of Crude odds Adjusted*
.;:0" cases controls ratio odds ratio cases controls ratio odds ratio

NonUse 6,822 27,250 Reference Reference 6,127 26,267 Reference Reference
Any 'Me 378 1,462 1.03 1.04 1,073 4,445 0.95 0.86

(0.92-1.17) (0.91-1.20) (0.88-1.03) (0,76-0.96)
CumuIap,\rce ¢osage

< 120 DDD 170 592 1.15 1.15 434 1,785 0.96 0.89
, (0.96-1.37) (0.95-1.39) (0.86-1.07) (0.77-1.03)

:2: 120DDD 280 870 0.96 0.97 639 2,660 0.94 0.83
(0.82-1.12) (0,82-1.16) (0.86-1.04 ) (0.73-0.95)

-
Cumulative duration

:51 year 278 981 1.13 1.15 678 2,671 0.99 0.91
(0.99- 1.30) (0.98- 1.34) (0.91-1.09) (0.80-1.04)

1-2 years 60 267 0.90 0.82 220 950 0.91 0.78
(0.68-1.19) (0.61-1.11) (0.78-1.05) (0.65-0.94)

2-3 years 26 133 0.79 0.86 99 476 0.81 0.69
(0.51-1.20) (0.55-1.33) (0.65-1.02) (0.54-0.88)

:2:3 years 14 81 0.69 0.77 76 328 0.91 0.83
, , (0.39-1.22) (0.43-1.39) (0.70-1.17) (0.63-1.10)

*Multrva'riable model with stepwise selection of covariates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean
daily dosage in quartiles), sulfonylurea (mean daily dosage in quartiles), number of oral anti-diabetic agents, glinides, nephropathy, neuropathy, chronic
liver disease, statins, retinopathy, calcium channel blockers, ACE inhibitors, peripheral vascular disease, depression, beta-blockers, aspirin, chronic
kidney disease, chronic lung disease, cerebrovascular disease .

..!;~
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Supplementary Table A. The proportion of diabetic patients with chronic liver

disease (hepatitis B virus infection, hepatitis C virus infection, liver cirrhosis, and

~lcoholic liver disease) among control subjects who received different types of

anti~dlabetic therapies
Pioglitazone Rosiglitazone Short-acting Metformin or Diet control
(N=2,106) (N=6,511) human su Ifony lurea only

insulin (N=24,874) (N=1,534)
I (N=11,120)
I Chronic liver disease 37.61 37.31 35.72 27.22 20.60

HBV 0.24 0.17 0.16 0.07 0.07
HCV " 2.61 2.78 3.57 1.71 0.91
lriver,~irrhosis 36.89 36.66 34.75 26.79 20.21
Alcoholic liver 1.04 0.98 1.50 0.34 0.52
dIsease

Hepatology



Hepatology

Suppleimentary Table B. Characteristics, comorbidities, and medication

use among incident lung cancer cases and matched controls
Cases Controls Crude odds I

" (N = 5,361) (N=21,313) ratio (95% CI) I
Age at cancer diagnosis (mean + SD) 71.17+9.01 71.22+9.01 -
Male (%) 64.54 64.43 -
-R.i:a.:ltl)0'sis year

2000 13.56 13.61 -
2001 13.11 13.12 -
2002 "'. 11.57 11.61 -
:mO.;l·.· 11.88 11.99 -

'1'004 13.09 13.04 -
2005 12.27 12.14 -

2006. 12.76 12.84 -
2007 11. 75 11.65 -

Socioeconomic status (monthly
income in NTD, %)

<17,280 48.11 43.26 Reference
17,281-22,800

38.03 39.78
0.85

(0.80-0.91)
22,801-28,800

3.81 4.40
0.77

(0.65-0.90)
28,80'1-36,300

4.23 4.67 0.80
(0.69-0.93)

36,301-45,800
3.13 4.34

0.63
(0.53-0.75)

>45';800
2.69 3.53

0.67
(0.56-0.81 )

Cortlorbidities (%)
Cardiovascular disease 87.26 84.76 1.27

(1.15-1.39)
Peri,pheci6 vascular disease 6.90 6.21 1.12

(0.99-1.26)
Cerebrovascular disease 33.46 31.28 1. II

'-'I'

( 1.04-1.19)
Retinopathy 25.65 26.84 0.93

(0.87-1.00)
Neuropa!Jhy 44.43 40.68 1.18

,!v~·-- • ,.is (1.11-1.26). "

Nephropathy 57.96 53.83 1.21
(1.14-1.29)

Depression 7.63 6.80 1.14
( 1.01-1.27)

Chronic kidney disease 10.50 8.73 1.23
(1.12-1.37)

Chronic liver disease 30.03 27.48 1.14
( 1.07-1.22)

Chronic lung disease 28.09 16.32 2.06
( 1.92-2.22)

Charlson's index (mean ± SD) 5.67±3.47 3.58±2.31 1.37
(1.35-1.38)

Medication use before cancer diagnosis
(%)
Metformin 81.40 78.90 1.20

( 1.11-1.30)
Mean daily dosage among users 0.29±0.30 0.17±0.21 8.88

(7.78-10.13)
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Sulfonylurea 91.55 89.87 I. 26
(1.13-1.42)

Meah'i:Iaily dosage among uscrs 0.70±0.58 0.41±0.44 3.71
(3.47-3.97)

Alpha-glucosidase inhibitors 16.64 14.60 1.19
( 1.09-1.30)

Thiazolidinediones 17.81 16.12 1.15
( 1.06-1.25)

piogiitl,zone 5.07 4.57 1.12
(0.97-1.30)

Rosiglitazone 15.50 13.90 1. 15
(1.06-1.26)

Glinides " 14.74 11. 78 1.33
(1.21-1.46)

Mean number of oral anti-diabetic agents 2.23±1.08 2.13±1.07 1.13
(mean + SD) (1.09-1.17)
Short-acting human insulin 43.42 27.49 2.14

(2.01-2.28)
Insulin glargine 0.80 0.55 1.47

(1.03 -2.09)
Statins 26.69 27.70 0.94

(0.88-1.01)
. Aspirin 54.09 50.62 1.17

" ·1, (1.10-1.25)
ACE inhibitors 57.51 55.16 1. 11

( 1.04-1.19)
Angiotensin receptor blockers 33.50 29.30 1.25

(1.17-1.34)
Beta-bl~kers 54.65 52.03 1.12

(1.05-1.20)
Calcium channel blockers 71.46 65.90 1.34

( 1.25-1.43)
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Supplementary Table C. Characteristics, comorbidities, and medication

use among incident bladder cancer cases and matched controls
Cases Control s Crude odds

(N=I,583) (N =6,308) ratio (95% CI)
Age at cancer diagnosis (mean + SO) 70.87±9.35 70.91±9.33 -
Male (%) 66.84 66.79 -
Diagnosis year

2000 11.62 11.76 -

2001 12.76 12.68 -
200t' 13.39 13.36 --

. 2003 12.44 11.94 -
2004 12.07 12.54 -
2005 12.76 12.68 -
2006 13.14 12.92 -
2007 II. 81 12.11 -

Socioeconomic status (monthly
income in NTD, %)
<J7,~i80 44.41 43.10 Reference
17,281-22,800

38.03 39.14
0.94

(0.83-1.07)
22,801-28,800

5.37 4.69
1. II

(0.86-1.44)
28,801-36,300

4.55 4.41 1.00
(0.76-1.31)

36,301-45,800
4.23 4.63

0.89
(0.67-1.18)

>45,800
3.41 4.03

0.82
(0.60-1.12)

Comorbidities (%)
Cardiovascular disease 87.11 84.34 1.30

(1.09-1.54)
Peripheral vascular disease 6.89 5.52 1.27

( 1.02-1.59)
Cerebrovascular disease 33.54 31.34 1.11

(0.98-1.25)
Retinopathy 29.82 28.11 1. I 0

, (0.97 -1.24)
Neuropathy 43.21 41.66 1.07

(0.95-1.20)
Nephropathy 93.94 52.50 18.82

(14.84-23.86)
Depression 6.63 6.82 0.97

(0.78-1.21)
Chronic kidney disease 18.45 9.35 2.21

( 1.89-2.57)
Chronic liver disease 29.82 27.66 1.12

(0.99-1.27)
Chronic lung disease 16.99 16.61 1.03

(0.89-1. 20)
Charlson's index (mean ± SD) 4.33±2.66 3.58±2.34 1.16

(1.14-1.19)
Medieation use before cancer diagnosis
(%)

Metformin 78.58 78.58 1.00
(0.87-1.16)

Mean daily dosage among users 0.29±0.29 0.17±0.21 8.93
(7.00-11.40)

4

Hepatology

Page 40 of 44

'~"~'d "" _._. - •.•. _



Page 41 of 44 Hepatology

Sulfbh'ylurea 88.44 89.47 0.88
(0.73-1.07)

Mean daily dosage among users 0.69±0.60 0.41 ±0.44 3.25
(2.89-3.66)

Alpha-glucosidase inhibitors 15.79 15.93 0.99
(0.84-1.16)

Thiazolidinediones 18.95 17.26 1.14
(0.98-1.33)

fitdglitazone 5.31 5.03 1.06
(0.82-1.37)

Rosiglitazone 16.30 15.04 1.11
(0.95-1.30)

Glirildes" .... 15.67 12.48 1.35
(1.14-1.59)

Mean number of oral anti-diabetic agents 2.18±1.14 2.15±1.11 1.04
(mean, :bSD) (0.98-1.10)
ShOitcacting human insulin 37.40 27.22 1.66
) (1.47-1.88)
Insulimglargine 0.69 0.68 1.0 I

(0.52-1.97)
Statins 29.31 28.09 1.07

(0.94-1.22)
Aspirin 51.30 51.03 1.0 I

(0.90-1.13)
ACE inhibitors 55.59 54.53 1.05

(0.93-1.18)
Angiotensin receptor blockers 34.43 30.07 1.25
.. (1.10-1.41)
Beta-blockers 54.64 50.78 1.19

(1.06-1.33)
Calcium channel blockers 71.95 65.22 1.42

(1.25-1.61)
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Supplementary Table D. Risk of lung cancer associated with pioglitazone or rosiglitazone use in type 2 diabetic patients
Pioglitazone Rosiglitazone

Crude odds ratio Adj usted* odds ratio Crude odds ratio Adjusted* odds ratio

Nonuse Reference Reference Reference Reference
Any use 1.12 1.14 1.15 1.12

(0.97-1.30) (0.95-1.37) (1.06-1.26) (0.90-1.39)
Cumu1ativeilosage
~ 120DDb 1.14 1.20 1.05 1.00

(0.94-1.38) (0.96-1.50) (0.94-1.18) (0.80-1.25)
< 120 DOO' 1.l0 1. 13 1.31 1.37

(0.90-1.35) (0.89-1.44) (1.16-1.48) (1.08-1.74)
Cumulative duration
~3 years 0.20 0.20 1.16 1.17

(0.05-0.82) (0.05-0.86) (0.87-1.54) (0.82-1.67)
2-3 years 0.88 0.91 1.07 0.96

(0.51-1.51) (0.51-1.61) (0.84-1.37) (0.70-1.33 )
1-2 years 1.08 1.09 0.90 0.83

(0.79-1.48) (0.77-l.53) (0.75-1.09) (0.63-1.09)
:'>1 year 1.21 1.25 1.26 1.26

( 1.03-1.43) (1.01-l.53) ( 1.13-1.40) (1.01-1.58)
Cumulative dose*duration

High 0.99 1.00 1.0 I 0.95
(0.77-1.28) (0.75-1.33) (0.87-1.17) (0.74-1.22)

Intermediate 1.22 1.32 1.15 1.13
(0.97-1.55) (1.01-1.73) (1.00-1.33 ) (0.89-1.43)

Low 1.15 1.16 1.29 1.34
(0.91-1.45) (0.88-1.51 ) (1.13-1.48) (1.05-1. 72)

*Multivariable model with stepwise selection of co variates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean
daily dosage in quartiIes), sulfonylurea (mean daily dosage in quartiles), number of oral anti-diabetic agents, chronic Iung disease, glinides, retinopathy.
calcium channel blockers, chronic kidney disease, statins, angiotensin receptor blockers, chronic liver disease, alpha-glucosidase inhibitors.
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dTable E. Risk of bladds
~ ~ WHn plOglltaZOne Of fOSI T!HaZOne use m type L OlaOetes patients

Pioglitazone Rosiglitazone

Crude odds ratio Adjusted* odds ratio Crude odds ratio Adjusted* odds ratio

Nonilse Reference Reference Reference Reference
Any uSIl, 1.06 0.95 l.ll 1.05

(0.82-1.37) (0.70-1.29) (0.95-1.30) (0.81-1.36)
Cumulatjv;edosage

<:: 12000:0 1.18 1.07 1.14 1.05
(0.85-1.64) (0.72-1.57) (0.93-1.38) (0.78-1.40)

< 120 DID]jj, 0.93 0.83 1.08 1.05
(0.64-1.36) (0.54-1.27) (0.86-1.36) (0.77-1.45)

Cumulative duration
<::3 years- 1.52 1.56 1.15 1.14

(0.59-3.93 ) (0.51-4.74) (0.71-1.86) (0.65-1.99)
2-3 years 0.76 0.84 0.79 0.60

(0.29-1.99) (0.30-2.36) (0.47-1.35) (0.33-1.08)
1-2 years 1.36 1.20 1.19 1.26

...... (0.79-2.34) (0.65-2.22) (0.88-1.62) (0.86-1.86)
;;.':'':51 year 0.99 0.87 1.12 1.07

(0.73-1.35) (0.61-1.25) (0.93- 1.36) (0.80-1.42)
®umulative dbse*duration

High 1.18 1.13 1.12 1.09
(0.77-1.80) (0.69-1.83) (0.87-1.45) (0.77-1.54)

Intermediate 1.22 1.06 1.08 0.92

"
(0.80-1.87) (0.65- 1.71) (0.83-1.39) (0.65-1.29)

Low 0.84 0.77 1.13 1.14
.. (0.54-1.30) (0.48-1.25) (0.89-1.44) (0.82-1.58)

*Multiva(iable model with stepwise selection of covariates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean
daily dosage in quartiles), sulfonylurea (mean daily dosage in quartiles), number of oral anti-diabetic agents, nephropathy, glinides, ACE inhibitors,
chronic kidney disease, calcium channel blockers, neuropathy.
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Supplementary Table F. Adjusted odds ratios of liver, colorectal, lung,

and bladder cancer associated with antidiabetic therapies in type 2

diabetes patients
Liver cancer* Colorectal Lung cancert Bladder

cancert cancer§

Pioglit~zone 0.83 1.04 1.14 0.95
(0.72-0.95) (0.91-1.20) (0.95-1.37) (0.70-1.29)

Rosigli tazone 0.73 0.86 1.12 1.05
(0.65-0.81 ) (0.76-0.96) (0.90-1.39) (0.81-1.36)

Short-acting human insulin 2.35 2.56 1.90 1.11
(2.21-2.49) (2.40-2.72) (1.76-2.03) (0.96-1.28)

S uJfonyl urea 1.05 1.39 1.49 1.10
(0.93-1.18) ( 1.22-1.58) (1.17-1.89) (0.83-1.45)

Metfof,/'nin 0.77 1.04 1.34 1.12
(0.69-0.85) (0.93-1.15) (1.07 -1.68) (0.88-1.43)

Glinides 1.29 1.46 1.75 1.71
(1.15-1.44) (1.30-1.65) (1.38-2.20) (1.30-2.24)

*Multlv3nable model IncludIng plOgl1tazone, roslghtazone. short-actIng human InsulIn,
metformin (mean daily dosage in tertiles). sulfonylurea (mean daily dosage in tertiles),
glinides, number of oral anti-diabetic agents, chronic liver disease, statins, aspirin,
beta-blockers, chronic kidney disease, nephropathy, cerebrovascular disease, calcium
6hannel blockers. cardiovascular disease, chronic lung disease.

tMultivariable model including pioglitazone, rosiglitazone, short-acting human insulin,

metformin (mean daily dosage in tertiles), sulfonylurea (mean daily dosage in tertiles),
glinides, number of oral anti-diabetic agents. nephropathy, neuropathy, chronic Ii ver disease,
statim., 'retinopathy, calcium channel blockers, ACE inhibitors, peripheral vascular
disease"depression. beta-blockers, aspirin, chronic kidney disease, chronic lung disease,
cerebrovascular disease.

:/:Multivariable model including pioglitazone. rosiglitazone, short-acting human insulin,

metformin (mean daily dosage in tertiles), sulfonylurea (mean daily dosage in tertiles),
glinides, number of oral anti-diabetic agents, chronic lung disease. retinopathy. calcium
channel blockers, chronic kidney disease, statins, angiotensin receptor blockers, chronic
liver disease, alpha-glucosidase inhibitors.

§Multivariable model including pioglitazone, rosiglitazone, short-acting human insulin,

me{formin (mean daily dosage in tertiles), sulfonylurea (mean daily dosage in tertiles),
glinides, number of oral anti-diabetic agents, nephropathy, ACE inhibitors, chronic kidney
d,!sease,,,jil.lIlcium channel blockers, neuropathy.
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