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Use of thiazolidinediones and the risk of bladder cancer
among people with type 2 diabetes: a meta-analysis
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— ABSTRACT

Background: Patients with type 2 diabetes
have a 40% increased risk of bladder cancer.
Thiazolidinediones, especially pioglitazone,
may increase the risk. We conducted a system-
atic review and meta-analysis to evaluate the
risk of bladder cancer among adults with type
2 diabetes taking thiazolidinediones.

Methods: We searched key biomedical data-
bases (including MEDLINE, Embase and Scopus)
and sources of grey literature from inception
through March 2012 for published and unpub-
lished studies, without language restrictions.
We included randomized controlled trials
(RCTs), cohort studies and case—-control studies
that reported incident bladder cancer among
people with type 2 diabetes who ever (v. never)
were exposed to pioglitazone (main outcome),
rosiglitazone or any thiazolidinedione.

Results: Of the 1787 studies identified, we
selected 4 RCTs, 5 cohort studies and 1 case-

control study. The total number of patients
was 2 657 365, of whom 3643 had newly diag-
nosed bladder cancer, for an overall incidence
of 53.1 per 100 000 person-years. The one RCT
that reported on pioglitazone use found no
significant association with bladder cancer
(risk ratio [RR] 2.36, 95% confidence interval
[CI] 0.91-6.13). The cohort studies of thiazo-
lidinediones (pooled RR 1.15, 95% CI 1.04-
1.26; P = 0%) and of pioglitazone specifically
(pooled RR 1.22, 95% Cl 1.07-1.39; I* = 0%)
showed significant associations with bladder
cancer. No significant association with bladder
cancer was observed in the two RCTs that
evaluated rosiglitazone use (pooled RR 0.87,
95% Cl 0.34-2.23; I’ = 0%).

Interpretation: The limited evidence available
supports the hypothesis that thiazolidine-
diones, particularly pioglitazone, are associ-
ated with an increased risk of bladder cancer
among adults with type 2 diabetes.

eople with type 2 diabetes are at in-
P creased risk of several types of cancer,

including a 40% increased risk of bladder
cancer, compared with those without diabetes.'?
The strong association with bladder cancer is
hypothesized to be a result of hyperinsulinemia,
whereby elevated insulin levels in type 2 dia-
betes stimulate insulin receptors on neoplastic
cells, promoting cancer growth and division."*”
Additional risk factors for bladder cancer include
increased age, male sex, smoking, occupational
and environmental exposures and urinary tract
disease.® Exogenous insulin and other glucose-
lowering medications such as sulfonylureas,
metformin and thiazolidinediones, may further
modify the risk of bladder cancer.'

Data from the placebo-controlled PROactive
trial of pioglitazone (PROspective pioglitAzone
Clinical Trial in macroVascular Events) suggested
a higher incidence of bladder cancer among piogli-
tazone users than among controls.” Subsequent
randomized controlled trials (RCTs) and observa-
tional studies have reported conflicting results for
pioglitazone, with various studies reporting a sig-
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nificant increase,*” a nonsignificant increase and
even a decreased risk'' of bladder cancer.

To test the hypothesis that pioglitazone use is
associated with an increased risk of bladder can-
cer, we conducted a systematic review and meta-
analysis of RCTs and observational studies
reporting bladder cancer among adults with type
2 diabetes taking pioglitazone. To clarify the
possibility of a drug-class effect, we also exam-
ined data for all thiazolidinediones and for rosi -
glitazone alone.

Methods

The protocol for this study was developed in
advance to outline our search strategy, criteria for
study selection, procedures for data abstraction and
assessment of bias, and methods for data analysis.

Literature search

We conducted a comprehensive search of the fol-
lowing key electronic biomedical databases from
inception through March 2012: MEDLINE,
Embase, the Cochrane Library (Cochrane Data-
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base of Systematic Reviews, DARE [Database of
Abstracts of Reviews of Effects], Health Technol-
ogy Assessment Database, Cochrane Central
Register of Controlled Trials, Cochrane Method-
ology Register, Economic Evaluations Database),
Science Citation Index Expanded, Conference
Proceedings Citation Index — Science, PubMed
(search terms combined with cancer subset, lim-
ited to adults), Toxnet and Scopus. No study-
design filters or language restrictions were
applied. The search strategy was broad to capture
all potentially suitable studies and was created
with the assistance of a librarian experienced in
systematic reviews. A sample search is provided
in Appendix 1 (available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.112102/-/DC1).

We also searched the proceedings of five inter-
national conferences of major diabetes and dia-
betes-related organizations (International Society
of Pharmacoepidemiology, American Diabetes
Association, Canadian Diabetes Association, Euro-
pean Association for the Study of Diabetes and
Canadian Association of Population Therapeutics)
from 2008 onward; Google Scholar; registries of
clinical trials (ClinicalTrials.gov and International
Clinical Trials Registry Platform); and databases
of international drug safety surveillance agencies
(US Food and Drug Administration, Health
Canada and European Medicines Agency). In

Records identified

search after duplicates removed
e Electronic databases n = 1399
e Other sources n =388

through literature

v

Titles and abstracts screened
n = 1787

A

— Excluded n=1724
A

Full-text arti

for eligibility
n=63

cles assessed

Excluded n =53

« Did not report incident bladder cancer n =39

« Did not report thiazolidinedione exposure n =5
e Duplicate report n=4

* No appropriate comparison group n =3

« Ineligible study design n=2

¥

4

Studies included in synthesis n =10
e Published n=9
e Unpublished n =1

Figure 1: Selection of studies.
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addition, we manually searched reference lists of
relevant studies and contacted experts in the field.

A checklist was used to assess whether studies
met our inclusion criteria for population (adults
with type 2 diabetes), exposure (ever used a thia-
zolidinedione), comparison group (never used a
thiazolidinedione), outcome (incident bladder
cancer, even if it was not a main outcome) and
study design (RCT, cohort study or case—control
study, including case/noncase study). We ex-
cluded duplicate reports from the same study,
studies involving patients with type 1 diabetes
only and descriptive observational studies.

Data collection

Two trained reviewers (ILN.C. and S.L..B.) inde-
pendently conducted the study selection and
abstraction of data. Where necessary, they con-
tacted authors of included studies for additional
information. The reviewers resolved any dis-
agreements by discussion or in consultation with
another coauthor (J.A.J.).

To assess the risk of bias in the included stud-
ies, the two reviewers used the Cochrane risk-of-
bias tool™ for the RCTs. For the cohort and case—
control studies, they used a modified version of
the Newcastle—Ottawa Scale,” with a score of 5
or less (out of 8) indicating a high risk of bias.

Data synthesis

We tabulated pertinent descriptive data from the
included studies. In a random-effects model, we
pooled adjusted risk estimates using inverse vari-
ance calculations for the observational studies,
and unadjusted risk estimates using Mantel—
Haenszel calculations for the RCTs." We quanti-
fied statistical heterogeneity using the I’ statistic.
As a criterion for data pooling, we considered a
maximum heterogeneity of no more than 75%.
We defined heterogeneity as “low” (< 25%),
“moderate” (> 25%-50%) or “high” (> 50%-
75%) and explored possible sources of hetero-
geneity if the I* value was greater than 25%.

In our primary analysis, we examined exposure
to pioglitazone and stratified our results by study
design. In secondary analyses, we considered expo-
sure to rosiglitazone and to any thiazolidinedione.
Ascertainment of exposures to all thiazolidine-
diones was independent of other existing therapies
or exposures. We planned subgroup analyses
among patients receiving monotherapy with piogli-
tazone or rosiglitazone but had insufficient reports
to conduct such analyses. We were unable to assess
publication bias through construction of funnel
plots because of a limited number of reports.”

All analyses were conducted using RevMan
version 5.1 (Nordic Cochrane Centre, Copen-
hagen, Denmark).
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were excluded because they did not report incident
bladder cancer (39) or thiazolidinedione exposure
(5), were duplicate reports of the same study (4),
did not have an appropriate comparison group (3)
or had an ineligible study design (2) (Figure 1).
Citations of the excluded studies are provided in
Appendix 2 (available at www.cmaj.ca/lookup
/suppl/doi:10.1503/cmaj.112102/-/DC1).

Results

Study selection

Our literature search returned 1787 results once
duplicates were removed. After screening of the
titles and abstracts, 63 articles (62 in English, 1 in
French) were deemed relevant and the full-text
versions obtained for further evaluation. Studies

Table 1: Characteristics of studies included in the meta-analysis of the risk of bladder cancer associated with thiazolidinedione use
Medication studied No. of patients
Exposed Comparison Exposed Comparison Study Mean length
Study group group group group period of follow-up, yr Covariates
RCT
Dormandy et al., 2005 Pioglitazone No TZD use 2 605 2633 2001-2004 2.9 NA
(PROactive study,
multicentre)’
Kahn et al., 2006 Rosiglitazone No TZD use (metformin 1456 2 895 2000-2006 3.4 NA
(ADOPT, multicentre)' (monotherapy) or glibenclamide
monotherapy)
Home et al., 2009 Rosiglitazone No TZD use 2220 2227 2001-2008 5.5 NA
(RECORD, multicentre)”  (+ sulfonylurea or (sulfonylurea and
metformin) metformin)
Sanofi-Aventis 2009 TZD (unspecified) No TZD use 256 130 2006-2008 NR§ NA
(multicentre, United (+ insulin glargine (insulin glargine,
States)”' and sulfonylureaor  metformin and
metformin) sulfonylurea)
Cohort
Oliveria et al., 2008 TZD (unspecified) No TZD use NR NR 2000-2004 3.9 Yesq
(United States)®*
Lewis et al., 2011 Pioglitazone No pioglitazone use 30173 162 926 1997-2008 3.3 (exposed Yes**
(Kaiser Permanente, group);
California, United 6.2 (comparison
States)" group)
Tseng, 2011 (National Pioglitazone and/or No TZD use 1028 112520  2003-2005 3.0 Yestt
Health Insurance, rosiglitazone
Taiwan)"
Tseng, 2012 (National Pioglitazone No pioglitazone use 2 545 52 383 2006-2009 NR Yestt
Health Insurance,
Taiwan)®
Neumann et al., 2012 Pioglitazone No pioglitazone use 155 535 1335525 2006-2009 2.4 (pioglitazone Yes§§
(National Health w Rosiglitazone No rosiglitazone use 153 334 1337 726 exposed group)
Insurance, France) t
Case-control
Piccinni et al., 2011 (FDA Pioglitazone No pioglitazone use 37 841 561244 2004-2009 NA NR
Adverse Event Reporting
System, United States)’+
Note: ADOPT = A Diabetes Outcome Progression Trial, FDA = US Food and Drug Administration, NA = not applicable, NR = not reported, PROactive trial =
PROspective pioglitAzone Clinical Trial in macroVascular Events, RCT = randomized controlled trial, RECORD = Rosiglitazone Evaluated for Cardiac Outcomes and
Regulation of Glycemia in Diabetes, TZD = thiazolidinedione.
*The total number of patients in this study was 191 223.
1The total number of patients in this study was 1 491 060.
$Case/noncase study design.
§The duration of the trial was 12 weeks, and 10% of patients were lost to follow-up.
fIAge, sex, risk factors for bladder cancer (pelvic radiation, schistosomiasis).
**Age, sex, race/ethnicity, incident diabetes at baseline, baseline hemoglobin A,. concentration, smoking status, history of bladder conditions (urinary tract
conditions, urolithiasis, incontinence and “other bladder or urethral conditions”), comorbidities (congestive heart failure, renal function, other cancer before
baseline), use of other glucose-lowering therapies (metformin, sulfonylureas, other TZDs, other oral glucose-lowering drugs, insulin), income.
t1Age, sex, duration of diabetes, comorbidities (urinary tract disease, nephropathy, hypertension, chronic obstructive pulmonary disease, stroke, ischemic heart
disease, peripheral arterial disease, eye disease, dyslipidemia), use of glucose-lowering agents (metformin, sulfonylureas, acarabose, TZDs, insulin), other
medications (statins, fibrates, angiotensin-converting-enzyme inhibitors and/or angiotensin-receptor blockers, calcium-channel blockers), living region, occupation.
$tSame covariates as in Tseng 2011 study, as well as heart failure, use of meglinitide, use of rosiglitazone (instead of “TZDs") and other cancers before baseline
(excluding bladder cancer).
§8Age, sex, use of other glucose-lowering agents.
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Study characteristics

Overall, we analyzed data from 10 studies (4 RCTs
and 6 observational studies), involving a total of
2 657 365 patients (Table 1).77'"'?' One of the
observational studies used a case/noncase design’
and was included as a case—control study. No other
case—control studies met our inclusion criteria.

All four RCTs included adults with type 2 dia-
betes randomly assigned to receive thiazolidine-
dione treatment. They assessed the following
noncancer outcomes: cardiovascular outcomes,'”
hemoglobin A, levels,'*”' and macrovascular
morbidity and mortality.” Two of the trials were
open label,"”*" and one was unpublished.”

One publication” reported unpublished cancer
outcomes from two RCTs that we included in our
review'*"” and was used to supplement data for
these trials. One included cohort study' was pre-
viously published as a government report,® which
we used to supplement data not found in the pub-
lished study. Two cohort studies were conducted
in the same population (Taiwan) but during dif-
ferent periods (2003-2005" and 2006-2009*)
and with different definitions of exposure (thiazo-
lidinedione use ever v. never," and pioglitazone
use ever v. never”); we included both studies.

We assigned a high risk of bias to two RCTs
because of substantial differential losses to fol-
low-up;'*"” to one unpublished RCT because of
insufficient reporting of methods and early ter-
mination;* and to one observational study be-
cause of inadequately defined cases and unrepre-
sentative controls.” No cohort study was assigned
a high risk of bias (Tables 2 and 3).

Incidence of bladder cancer

A total of 3643 patients had newly diagnosed
bladder cancer, for an overall incidence of 53.1
per 100 000 person-years.

Randomized trials

All of the RCTs presented data on bladder can-
cer as crude numbers, lacking further demo-
graphic information. We combined participants
from three trials (the fourth study lacked infor-
mation on length of follow-up™) to estimate the
incidence of bladder cancer per 100 000 person-
years: 101.0 among those who used a thiazo-
lidinedione and 65.5 among those who did not.
In the PROactive study,” the incidence per
100 000 person-years was 186.9 among pioglita-
zone users and 79.3 among controls. Compara-
tively, the incidence per 100 000 person-years
among rosiglitazone users was 102.4 in the
ADOPT study (A Diabetes Outcome Progres-
sion Trial)'® and 48.6 in the RECORD trial
(Rosiglitazone Evaluated for Cardiac Outcomes
and Regulation of Glycemia in Diabetes);"” the
respective rates among controls were 87.4 and
40.7 per 100 000 person-years.

Observational studies

The observational studies reported results
according to demographic or clinical features.
Three studies reported a higher risk of bladder
cancer among men than among women exposed
to thiazolidinediones,'*'""” and one study reported
history of bladder disease to predict bladder can-
cer independent of thiazolidinedione exposure."

Neumann and colleagues reported the inci-
dence of bladder cancer per 100 000 person-
years, standardized to the world population, as
14.6 among men and 2.0 among women."

Three cohort studies reported the incidence of
bladder cancer among pioglitazone users as
81.5,"° 49.4"” and 104.5% per 100 000 person-
years; the rates reported among nonusers were
68.8, 42.8 and 78.9 per 100 000 person-years,
respectively. Thiazolidinedione use, reported in

Table 2: Risk-of-bias assessment of the randomized controlled trials*

Adequate Blinding of Incomplete Free of

sequence  Concealment particpants, personnel, health data selective Free of Overall risk
Study generation? of allocation?  outcome assessors? addressed? reporting? other bias? of bias
Dormandy et al.” Unclear Yes Yes Yes Unclear Unclear Unclear
(PROactive study) (industry sponsored)
Kahn et al.” Unclear Yes Unclear Yes No (very high High
(ADOPT) attrition rate;

industry sponsored)
Home et al.” Yes Yes Unclear Yes Yes No (differential High
(RECORD) withdrawls; industry
sponsored)

Sanofi-Aventis Unclear Unclear No Yes Yes Unclear High
trial” (industry sponsored)
Note: ADOPT = A Diabetes Outcome Progression Trial, PROactive trial = PROspective pioglitAzone Clinical Trial in macroVascular Events, RECORD = Rosiglitazone
Evaluated for Cardiac Outcomes and Regulation of Glycemia in Diabetes.
*Risk of bias was assessed with use of the Cochrane risk-of-bias tool.”
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two cohort studies, was associated with an inci-
dence of bladder cancer of 32.44" and 53.4" per
100 000 person-years; the rates among those
who never used thiazolidinediones were 65.6 and
50.9 per 100 000 person-years, respectively.

Results of the meta-analyses

Pioglitazone use and bladder cancer

All of the five studies assessing pioglitazone
exposure reported an elevated”'** or significantly
increased”" risk of bladder cancer associated
with pioglitazone use ever (v. never). Three stud-
ies assessed cumulative pioglitazone expo-
sure.'*"* A significant association with bladder
cancer was reported in one study after more than
12 months’ exposure” and in both studies that
assessed exposure after more than 24 months.'*"
Three studies explored a dose-response relation-
ship: two reported a cumulative pioglitazone
dose of more than 28 000 mg to be significantly
(hazard ratio [HR] 1.75, 95% confidence interval
[CI] 1.22-2.50)" and nonsignificantly (HR 1.4,
95% CI 0.96-2.1)"° associated with elevated risks
of bladder cancer. The third study looked at
exposure to more than 10 500 mg of pioglitazone
but observed no association.”

In the RCT, 14 of the 2605 pioglitazone users
and 6 of the 2633 controls had newly diagnosed
bladder cancer (risk ratio [RR] 2.36, 95% CI
0.91-6.13).” The case/noncase study reported

significantly increased odds of pioglitazone use
among patients in whom bladder cancer devel-
oped (odds ratio 4.30, 95% CI 2.82-6.52).° We
pooled the results from three cohort studies, rep-
resenting 1 739 087 patients, of whom 188 253
were pioglitazone users; we found a significantly
increased risk of bladder cancer associated with
the use of pioglitazone (pooled RR 1.22, 95% CI
1.07-1.39; I* = 0%) (Figure 2).

Rosiglitazone use and bladder cancer

Two RCTs (n = 8798) and one cohort study (n =
1 491 060) reported bladder cancer among rosi-
glitazone users.'®'”" The cohort study was de-
signed to assess pioglitazone exposure and bladder
cancer incidence and included rosiglitazone expo-
sure as a subgroup.'” Both RCTs compared rosigli-
tazone with other glucose-lowering treatments, and
only one was blinded.” We observed no associa-
tion between bladder cancer and rosiglitazone use
in the two RCTs (pooled RR 0.87, 95% CI 0.34—
2.23; P = 0%) (Figure 3) or in the cohort study
(HR 1.08, 95% CI 0.92-1.26) (Figure 4).

Thiazolidinedione use and bladder cancer
In the four RCTs, representing a total of 14 422
participants, the risk of bladder cancer appeared to
be elevated with exposure to any thiazolidine-
dione, but the association was not statistically sig-
nificant (pooled unadjusted RR 1.45, 95% CI
0.75-2.83; > = 2%) (Figure 4, top panel).”'*"*' The

Exposed Comparison
n/N n/N Risk ratio (95% CI)

Reduced risk ! Increased risk
<— of cancer ! of cancer —>»

90/30 173 791/162926 1.2 (0.9-1.5)

Neumann et al.’® 175/155535 1841/1335525 1.22(1.05-1.43)

10/2 545 155/52 383 1.30 (0.66-2.58)
1.22 (1.07-1.39)

Heterogeneity: 7 = 0%

——

.

T T
0.2 0.5 1 2 5
Risk ratio (95% ClI)

Figure 2: Meta-analysis of the risk of bladder cancer associated with pioglitazone use among adults with type 2 diabetes in cohort
studies. A value greater than 1.0 indicates an increased risk of bladder cancer with pioglitazone use. Cl = confidence interval.

Intervention Control

Reduced risk | Increased risk

n/N n/N Risk ratio (95% ClI) <— of cancer . of cancer —>
2/1456 8/2895 0.50 (0.11-2.34) | '
Home et al."” 6/2220 5/2227 1.20 (0.37-3.94) i
8/3676 13/5122 0.87 (0.34-2.23) S
Heterogeneity: > = 0% T T t T T
0.1 0.2 0.5 1 2 5 10

Risk ratio (95% Cl)

Figure 3: Meta-analysis of the risk of bladder cancer associated with rosiglitazone use among patients with type 2 diabetes in randomized
controlled trials. A value greater than 1.0 indicates an increased risk of bladder cancer with rosiglitazone use. Cl = confidence interval.
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risk of bladder cancer associated with exposure to
any thiazolidinedione was significantly increased
in the five cohort studies, representing 2 043 858
patients (pooled adjusted RR 1.15, 95% CI 1.04—
1.26; P = 0%) (Figure 4, bottom panel)."'"#*

Interpretation

In this rigorous systematic review and meta-
analysis of randomized and nonrandomized stud-
ies, we observed an increased risk of bladder
cancer associated with the use of thiazolidine-
diones. In particular, use of pioglitazone was
associated with an increased risk of bladder can-
cer based on a pooled estimate from three cohort
studies involving more than 1.7 million individu-
als, which was consistent with the risk estimates
from the RCTs and the case/noncase study. We
observed no association between rosiglitazone
use and bladder cancer.

Thiazolidinediones are insulin-receptor sensi-
tizers and exert their effects through activation of
the peroxisome proliferator-activated receptor
(PPARY).” Although studies suggest PPARY is
involved in known tumour-suppression path-
ways,”* mechanisms linking thiazolidinediones
with the development or progression of bladder
neoplasms have not been fully elucidated. Pre-
clinical research involving female rats exposed
to rosiglitazone showed a higher incidence of
bladder tumours among rats given rosiglitazone

than among controls.”> Another study reported a
substantially higher incidence of bladder tu-
mours among male rats given pioglitazone than
among controls.” The latter study reported no
difference in the occurrence of other cancers.

Concerns over a potential association between
pioglitazone use and bladder cancer among
humans emerged after publication of the PRO-
active study, which reported a nonsignificant
increased risk of bladder cancer among partici-
pants exposed to pioglitazone compared with con-
trols (Figure 4).” Subsequent review of these cases
suggested that the true incidence was lower in both
groups.” Three subsequent observational studies
supported the initial findings of the PROactive
study and further suggested associations with dose
and duration of treatment.”"*” In response to these
findings, France removed pioglitazone from the
market; the European Medicines Agency and
Health Canada called for close selection and moni-
toring of patients using the medication,”” and the
US Food and Drug Administration issued warn-
ings against the use of pioglitazone in patients with
active or previous bladder cancer.”

Limitations

Our study has limitations, most of which are
predicated on the lack of primary studies avail-
able for synthesis and the different study de-
signs and methods among the included studies.
We did not have individual patient data and

A: Randomized controlled trials
Intervention Control Reduced risk | Increased risk
Study n/N n/N Risk ratio (95% Cl) <«— of cancer | of cancer —>»
Dormandy et al.” 14/2 605 6/2 633 2.36 (0.91-6.13) —;—I—
Kahn et al.'® 2/1 456 8/2 895 0.50 (0.11-2.34) * :
Home et al.? 6/2 220 5/2 227 1.20 (0.37-3.94) : &
Sanofi-Aventis trial?'  2/256 0/130 2.55(0.12-52.70) : >
Overall 24/6 537 19/7 885 1.45 (0.75-2.83) l’
Heterogeneity: 2 =2% T T : T T
0.1 0.2 0.5 1 2 5 10
B: Cohort studies Risk ratio (95% Cl)
Exposed Comparison
Study n/N n/N Risk ratio (95% Cl)
Oliveria et al.'8 NR NR 1.05 (0.71-1.55) ——
Lewis et al.10 90/30 173 791/162 926 1.20 (0.93-1.55) -i—-—
Tseng" 1/1028 221/112 520 0.80 (0.34-1.89) i
Tseng?® 10/2 545 155/52 383 1.30 (0.66-2.58) —E—'—
Neumann et al."®t 175/155 535 1841/1335525 1.22 (1.05-1.43) :—I—
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Overall 1.15 (1.04-1.26) *
Heterogeneity: > = 0% T T t T T
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Risk ratio (95% ClI)

Figure 4: Meta-analysis of the risk of bladder cancer associated with the use of any thiazolidinedione in randomized controlled trials (A) and
cohort studies (B). A value greater than 1.0 indicates an increased risk of bladder cancer with the use of any thiazolidinedione. *A total of
178 cases of bladder cancer occurred in the study population. tPioglitazone; trosiglitazone. Cl = confidence interval, NR = not reported.
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were therefore unable to exclude the small num-
ber of individuals with type 1 diabetes, examine
other known risk factors for bladder cancer
(especially smoking and occupational exposure)
or control for duration of exposure.

Our definition of exposure to agents ever (V.
never) captured real-world prescription patterns of
glucose-lowering agents (i.e., combination ther-
apy) but may have led to conflicting associations
between other agents (e.g., insulin, sulfonylureas,
metformin) and bladder cancer;' this may have
biased our estimate in a nondifferential manner.

The high risk of bias among the RCTs is a limi-
tation, but it does not meaningfully change our
interpretation of estimates for rare and unexpected
events such as bladder cancer. Further, results from
the RCTs were similar to those from the observa-
tional studies, which were at low risk of bias. In
the observational studies, bladder cancer was cap-
tured through usual care, where more severe and
symptomatic (and thus most easily recognized)
cases are more likely to be identified. Conse-
quently, we may have underestimated the true
number of patients with bladder cancer, although
this is unlikely to affect the relative risk estimate.

Conclusion
Our results suggest an association between pio-
glitazone use and bladder cancer in adults with
type 2 diabetes. Given the limited evidence
among rosiglitazone users, it remains unclear if
the association with bladder cancer is a class
effect of all thiazolidinediones. Evidence sur-
rounding the association between pioglitazone
and bladder cancer requires cautious interpreta-
tion, because our evidence is based on only three,
albeit large and well-conducted, observational
studies.'** Future research is required to improve
our understanding and should include large popu-
lation-based cohort studies involving individuals
with type 2 diabetes; include a reference group of
individuals without diabetes; have a minimum
dose and duration of exposure; and account for
important risk factors for bladder cancer (e.g.,
smoking status and history of bladder disease).”
Although the absolute risk of bladder cancer
associated with pioglitazone was small, other
evidence-based treatments for type 2 diabetes
may be equally effective and do not carry a risk
of cancer. This study quantifies the association
between pioglitazone use and bladder cancer and
may help inform decisions around safer use of
pioglitazone in individuals with type 2 diabetes.
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