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Abstract

Aims/hypothesis The evidence on the association between
pioglitazone use and bladder cancer is contradictory, with
many studies subject to allocation bias. The aim of our study
was to examine the effect of exposure to pioglitazone on
bladder cancer risk internationally across several cohorts.
The potential for allocation bias was minimised by focusing
on the cumulative effect of pioglitazone as the primary end-
point using a time-dependent approach.
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Methods Prescription, cancer and mortality data from
people with type 2 diabetes were obtained from six
populations across the world (British Columbia,
Finland, Manchester, Rotterdam, Scotland and the UK
Clinical Practice Research Datalink). A discrete time
failure analysis using Poisson regression was applied
separately to data from each centre to model the effect
of cumulative drug exposure on bladder cancer inci-
dence, with time-dependent adjustment for ever use of
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pioglitazone. These were then pooled using fixed and
random effects meta-regression.

Results Data were collated on 1.01 million persons over 5.9
million person-years. There were 3,248 cases of incident
bladder cancer, with 117 exposed cases and a median
follow-up duration of 4.0 to 7.4 years. Overall, there was no
evidence for any association between cumulative exposure to
pioglitazone and bladder cancer in men (rate ratio [RR] per
100 days of cumulative exposure, 1.01; 95% CI10.97, 1.06) or
women (RR 1.04;95% CI10.97, 1.11) after adjustment for age,
calendar year, diabetes duration, smoking and any ever use of
pioglitazone. No association was observed between
rosiglitazone and bladder cancer in men (RR 1.01; 95% CI
0.98, 1.03) or women (RR 1.00; 95% CI 0.94, 1.07).
Conclusions/interpretation The cumulative use of pioglita-
zone or rosiglitazone was not associated with the incidence
of bladder cancer in this large, pooled multipopulation
analysis.

Keywords Bladder cancer - Epidemiology - Meta-analysis -
Pioglitazone - Rosiglitazone - Thiazeolidinedione

Abbreviations

CPRD Clinical Practice Research Datalink

FDA  Food and Drug Administration

PPAR  Peroxisome proliferator-activated receptor
RR Rate ratio

TZD Thiazolidinedione

Introduction

Bladder cancer is the ninth most common cancer in the world,
with 430,000 new cases diagnosed in 2012. Europe and North
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America have the highest incidence of bladder cancer, with a
higher incidence in those with diabetes [1, 2]. Peroxisome
proliferator-activated receptor gamma (PPARY) is a nuclear
transcription factor which, in addition to being expressed in
normal urothelium, is overexpressed in bladder tumours [3, 4].
Pioglitazone and rosiglitazone are thiazolidinediones (TZDs)
which act as PPARYy agonists and are used in the treatment of
type 2 diabetes. Their use, however, has been questioned
owing to safety concerns. In preclinical studies, exposure of
male rats to pioglitazone was associated with an increased risk
of bladder cancer [5]. In 2005, the ProActive trial (a large
European randomised controlled trial evaluating the effects of
pioglitazones on cardiovascular outcomes) found a non-
significant increase in the incidence of bladder cancer in the
pioglitazone-treated group: 14 (0.5%) cases compared with 6
(0.2%) in controls [6]. Re-analysis excluding cases occurring
within 1 year of study so as to improve biological plausibility
identified six cases in the pioglitazone group and two in the
placebo group [7].

Based on these studies, the US Food and Drug
Administration (FDA) commissioned the manufacturer to
carry out a 10 year observational cohort study to further
examine this risk. An initial mid-term analysis showed that
two or more years of cumulative exposure to pioglitazone
were associated with an increased risk of bladder cancer
[8]. Around the same time, a similar increase in risk was
observed in a French cohort [9], which led to the with-
drawal of pioglitazone from France and Germany. The
FDA issued a recommendation in 2010 that pioglitazone
should be avoided in patients with bladder cancer and
prescribed with caution in patients with previous bladder
cancer [10]. The European Medicine Agency extended this
to patients with uninvestigated macroscopic haematuria

[11].
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Since these cautions, several studies and meta-analyses of
published data have reported contradictory results [12-24].
This may result from issues associated with observational
study design, including limited sample size and a lack of
attention to potential biases such as cancer ascertainment bias,
immortal time bias, and the effects of diabetes duration and
glycaemic control [25, 26]. There are only two reported co-
horts with over 1,000 cases of bladder cancer; therefore,
achieving an adequate sample size can be a challenge in
observational studies [9, 16]. Allocation bias is very difficult
to eradicate from observational pharmacoepidemiology stud-
ies, even with extensive covariate adjustment and propensity
score analyses. Those who are given a prescription can differ
from those who are not in subtle unmeasured ways which can
be related to the risk of the outcome. We previously argued
that analysis of the cumulative effect of a drug on outcome in
models that also include time-dependent covariate adjustment
for ever vs never use is one way to avoid such between-person
allocation bias [27]. While some of the analyses on pioglita-
zone until now have reported bladder cancer risks by increas-
ing cumulative exposure, they did so by reporting rate ratios
(RR)s compared with those who were never exposed [8, 9,
16]. This approach, however, does not prevent allocation bias.

The aim of our study was to address the limitations of
previous observational studies by measuring the effect of
exposure to pioglitazone on bladder cancer risk across several
cohorts. This was done by pooling data to increase sample size
in an aggregate-level analysis using the same methodology in
which we explicitly set out to focus on cumulative effects as
the primary exposure, adjusting for ever usage in a time-
dependent approach.

Methods

Overview Analyses were conducted in six populations
(British Columbia, Finland, Manchester, Rotterdam,
Scotland and the UK Clinical Practice Research Datalink
[CPRD]), using identical methods for formatting and
analysing the data; results were combined using fixed effects
meta-regression. By specifying a common data format, pre-
paring generic scripts to be run by each centre to both analyse
its data and obtain sufficient statistical output for the meta-
analysis, de facto data sharing was achieved while governance
requirements were satisfied. Ethical approval was obtained by
each centre from their respective authorities.

Selection of participants and person time for inclusion
into the models In each centre, anyone with type 2 diabetes
at any time since the introduction of TZDs in that centre (circa
1999) was considered for inclusion. Thus, the analysis includ-
ed both prevalent and incident cases of diabetes. There was no
age restriction for inclusion in the study. Anyone known to

have had bladder cancer prior to the entry date of diagnosis of
diabetes was excluded and anyone whose cumulative exposure
to TZDs could not be evaluated was excluded. That is, persons
were excluded if they had diabetes at any time from the date of
TZD introduction onwards but had a period of diabetes of
1 year or more when their drug data were not captured. In
practice, this means that all TZD users in the analysis were
incident or very recent users. If diabetes ascertainment was
unclear, then at least 1 year of diabetes from the presumed date
of onset without being on any glucose-lowering drugs had to
have elapsed to be considered evaluable for subsequent cumu-
lative exposure to TZD or other drugs. This condition was set
to limit these study entrants to probable cases of incident
diabetes. For models in which we further adjusted for other
glucose-lowering drugs, anyone whose cumulative exposure
to those drugs could not be evaluated was excluded. In prac-
tice, this means that anyone with diabetes preceding the avail-
ability of their drug data by 1 year or more was excluded from
these models, but those with retrospective data or drug expo-
sure throughout their diabetes were included.

Using prescription data, we defined all periods of exposure
to TZD, metformin, insulin and sulfonylurea for each patient.
We defined follow-up for the analysis as the date of introduc-
tion of TZDs in that centre until the latest date for which data
were available. For each individual the date of entry into the
analysis was the latest of the following three dates: the first date
under observation for drug prescribing, the date of diabetes
diagnosis or the date of TZD introduction at that centre. The
exit date was defined as the earliest of the date of event, the
date of death, the last date under observation for drug prescrib-
ing or the last date under observation for cancer events.

Data preparation for modelling and calculation of
exposure The follow-up period was divided into discrete in-
tervals of 28 days, with occurrence of a cancer of interest in
any interval being scored as a binary variable. A data matrix
was generated, with one row for each individual under obser-
vation and columns specifying event status (coded as binary)
at end and covariate values at the beginning of each 28 day
interval. A series of models were constructed, each with a
minimal-to-full set of covariates. Covariates consisted of sex,
age, diabetes duration, calendar year, BMI, smoking (current,
past or never), and both time updated ever exposure and
cumulative exposure to each drug of interest. For each drug
class, cumulative exposure at the start of each interval was
calculated as the sum of all earlier intervals in which a drug
prescription was current. The exposure duration was calculat-
ed from the first and last dates of a run of repeat prescriptions
at a given dose plus the duration of the last prescription in that
run. Gaps between runs of repeat prescriptions did not accu-
mulate exposure. Following drug cessation, the cumulative
number of days of exposure at cessation was carried forward
in subsequent time intervals.
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Events Cancer data were obtained from either validated can-
cer registries based on primary care read codes or clinician
validated review of pathology and medical records (see elec-
tronic supplementary material [ESM] Methods). Bladder neo-
plasms ranged from malignant neoplasm of the bladder, car-
cinoma in situ and neoplasms of uncertain behaviour. Our pre-
specified primary endpoint was malignant neoplasm using
WHO ICD-10 (www.who.int/classifications/icd/en/) codes
C67.0-C67.9. Only the first event was considered.

Statistical methods The effects of cumulative exposure were
evaluated using a discrete time survival model [28, 29]. This
was set up as a Poisson regression model in which each
individual contributed one observation for each 28 day interval
between their entry and exit dates. The model included age,
diabetes duration, calendar year, and cumulative and ever
exposure times to one or more drugs under study. Some models
were further adjusted for BMI and smoking (where these data
were available). The main cumulative effect measure was
assumed to be linear. An alternative categorical variable for
pioglitazone cumulative exposure (<1, 1-2 and >2 years) was
also examined. The models were run separately for each sex.
Although there is no evidence to suggest that other glucose-
lowering drugs are causal or protective in bladder cancer, we
considered it important to rule out any potential confounding
by other glucose-lowering drugs since the prevalence of their
use varies between those ever and never exposed to TZDs. We
also therefore evaluated the effects of other glucose-lowering
drugs and covariates by including terms for ever exposure and
time-dependent cumulative exposure to sulfonylureas, metfor-
min and insulin, as well as time-dependent terms for time since
diagnosis of diabetes. One way to be certain that an estimate of
a drug’s causal effect cannot be due to such confounding is to
model the data with two time updated terms in the model: a
binary term for ever exposure up to that time point and a
continuous term for cumulative exposure. The ever exposure
term contrasts the rate in unexposed person time periods with
the predicted rate in person time periods when exposure has
just started. It is the sum of any stepwise (immediate) effect of
drug exposure on the event, the confounding effect of time-
invariant frailty (i.e. allocation bias) and any reverse causality
(where effects of an as-yet undiagnosed tumour leads to the
drug of interest being prescribed for the first time). Inclusion of
the ever exposure term results in the cumulative exposure term
being independent of unexposed person time intervals within
the likelihood equation, and is therefore unaffected by alloca-
tion bias. We then focused the inference of causality on the
cumulative term [27].

Meta-analytic method Using R Metafor software (www.
metafor-project.org/doku.php/installation), a fixed effects
model was applied to the individual centre coefficients for
ever and cumulative exposure effects. Heterogeneity of effects

@ Springer

was measured using the Q test to determine the need for a
random effects model, which was performed where the p
value was <0.05.

Sensitivity analysis Sensitivity of the results was checked by
running three groups of models with nested covariates. In
addition, the main exposure of interest, pioglitazone, was
compared with an equivalent model in which it was replaced
with the other commonly used TZD, rosiglitazone. Further
models used lagged exposure times (1 and 2 year lagging) and
expanded neoplasm categories: all three neoplasm ICD-10
codes C67, D09.0 and D41.1 for the bladder and the combi-
nation of malignant neoplasms of bladder, ureter and renal
pelvis. Additional analyses combined models that included
adjustment for smoking in centres where smoking data were
available (complete in Manchester, Rotterdam and Scotland;
unavailable in British Columbia and Finland). To further
investigate the potential confounding of pioglitazone expo-
sure with smoking (due to smoking data being unavailable in
British Colombia and Finland), we specified an analysis with
lung cancer as the outcome (ICD-10 C34.0-C34.9). Since
pioglitazone exposure is not thought to cause lung cancer,
any association of ever or cumulative exposure to pioglitazone
with lung cancer incidence would indicate that smoking might
confound other pioglitazone outcome associations. Given the
size of the CPRD dataset and that events in that dataset were
not from cancer registry data, we conducted a sensitivity
analysis excluding that dataset.

Results

Descriptive data Data were collected over all centres for 1.01
million persons over 5.9 million person-years. Characteristics
for individuals at study entry for each centre are shown in
Table 1. The median age at entry in each centre varied from 60
to 64 years across the cohorts. All centres had the same
difference in median age at entry between persons ever ex-
posed and never exposed to pioglitazone; those ever exposed
had a median age at entry 6 years lower than those never
exposed (not shown). Table 2 summarises the person time and
bladder cancer events and rates for each centre by sex and
pioglitazone exposure status: 3.7% of person-years and 3.6%
of the events occurred after exposure to pioglitazone. The
median follow-up duration varied from 4.0 to 7.4 years
(Table 2). There were 3,248 incident bladder cancer (ICD-10
C67) events and 5,262 bladder neoplasms (ICD-10 C67,
D09.0 and D41.4). The overall incidence of bladder cancer
ranged from 46.4 to 80.8 cases per 100,000 person-years.
Rates were substantially lower in women than in men (29.0/
100,000 person-years at risk vs 90.7/100,000 person-years at
risk). Overall, there were just 117 bladder cancers and 204
bladder neoplasms in those ever exposed to pioglitazone by
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Table 1  Patient characteristics by country/region at study entry
Characteristic Scotland CPRD Finland British Columbia  Rotterdam Manchester
Total number 252,269 156,443 426,767 153,862 6,694 11,561
Age (years)® 63.9 (54.5-72.5) 64.0 (54.4-73.0) 63.8(53.7-73.2) 61.0(51.4-71.1) 63.9(54.9-72.4) 60.0 (50.3-68.6)
Females (%) 116,963 (46) 71,521 (46) 211,010 (49) 71,582 (47) 3,350 (50) 5,105 (44)
DM duration (years)* 0 (0-1.5) 0 (0-0) 0(0-3.8) 0 (0-1.61) 0.5 (0-3.5) 0(0-1.2)
Entry (year) 2002 (2001-2006) 2006 (2003-2009) 2003 (2001-2008) 2001 (2000-2004) 2001 (2001-2004) 2003 (2001-2007)
BMI (kg/m?)* 30.1 (26.7-34.4)  30.2 (26.7-34.6) NA NA 30 (26-33.9) 30.2 (26.8-34.6)
Current smokers (%) 58,243 (23) 26,487 (17) NA NA 2,180 (33) 2,758 (24)
Participants with >1 year 28 10 34 30 42 26

DM duration at entry (%)

#Median and interquartile range
DM, diabetes mellitus

the end of follow-up. There were 22 ever exposed bladder
cancers in 22,505 patient-years, with a cumulative exposure of
2-3 years and 10 cases in 26,004 patient-years with a cumu-
lative exposure of >3 years.

The exact date of diabetes diagnosis was known for 61% of
participants. Models adjusting for smoking and BMI among
its covariates excluded these variables for cohorts from
Finland and British Columbia because no data on BMI or
smoking were available for these centres. Thus, only partial
adjustment for smoking could be achieved.

Meta-analyses Figures 1 and 2 show forest plots by centre,
with an overall estimate of the cumulative effect of pioglita-
zone on bladder cancer. Figure 1 is adjusted for age, calendar
year and ever exposure to pioglitazone. Figure 2 includes
further adjustment for diabetes duration and smoking (where
available). The direction of effect varied between populations
but was not significant within any population; overall, there
was no evidence of any association. The additional covariate
adjustment made no difference to these results (Fig. 2).
Furthermore, there was no evidence for an association with
ever exposure in men or women (Fig. 3). Further adjustment
for prior exposure to other glucose-lowering drugs in the
populations in which these data were available did not alter
the RR for cumulative exposure or ever vs never exposure to
pioglitazone: men, RR per 100 days cumulative exposure 1.00
(95% CI10.95, 1.05) pre- and post-adjustment; women, RR per
100 days cumulative exposure 1.03 (95% CI 0.96, 1.11) pre-
adjustment, 1.03 (95% CT 0.95, 1.10) post-adjustment. There
was no evidence for an association between cumulative expo-
sure to any other class of diabetes drug and bladder cancer
(data not shown). Prior exposure to other glucose-lowering
drugs was lower in the Manchester cohort than in other
centres. However, omitting this centre from the meta-
analysis had no impact on the results.

A model in which linear pioglitazone exposure was re-
placed with categorical cumulative exposure (<1, 1-2 and

>2 years) gave men RRs of 1.52 (95% CI 0.92, 2.52) for 1-
2 vs <1 year cumulative exposure, and 1.27 (95% CI 0.74,
2.16) for >2 vs <1 year. For women, the RRs were 2.1 (95%
CI 0.56, 7.77) and 2.36 (95% CI 0.72, 7.72) for 1-2 and
>2 years, respectively.

The same trends were obtained in the sensitivity analysis
excluding CPRD data. Sensitivity analyses combining all
malignant neoplasms of the bladder, carcinoma in situ of the
bladder and neoplasms of uncertain behaviour of the bladder
did not show any significant effects of cumulative days of
exposure (RR per 100 days in men 1.01 [95% CI 0.98, 1.04])
or ever use vs never use of pioglitazone (RR per 100 days in
men 1.19 [95% CI 0.94, 1.51]). Further sensitivity analyses
combining malignant neoplasm of bladder, ureter and renal
pelvis did not reveal any associations (data not shown).

There was no evidence for any residual confounding by
smoking in that there were no significant cumulative or ever
exposure effects in the lung cancer model without smoking
adjustment: RR 0.99 (95% CI 0.96, 1.03) for male cumulative
exposure and RR 1.01 (95% CI 0.98, 1.04) for female cumu-
lative exposure.

Q tests showed evidence of heterogeneity in the effects of
cumulative and ever exposure to pioglitazone in some of the
models (see Figs 1 and 2 for cumulative exposure models in
men). In cases with heterogeneity, random effects models
showed that significance and conclusions were unchanged.
Models were repeated to evaluate rosiglitazone exposure
(Fig. 4). There was no significant effect of rosiglitazone ex-
posure on bladder cancer.

Discussion
In this pooled, aggregate-level analysis across multiple popu-

lations in several different countries, we found no significant
association between cumulative exposure to pioglitazone and
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Table 2  Person time and bladder cancer events and rates for each dataset by sex and pioglitazone exposure status

Variable Scotland CPRD Finland British Columbia Rotterdam Manchester All
Follow-up 5.7 (2.8-9.4) 52(2.5-8.1) 5.1(2.3-9.5) 4.0 (1.8-6.0) 54 (2.8-8.2) 74 (3.6-105) NAP
(years)"
Men
n (%) 135,306 (25.6) 84,922 (16.1) 215,757 (40.9) 82,280 (15.6) 2,917 (0.6) 6,456 (1.2) 527,638 (100.0)
Events (%)
Total 566 (22.6) 478 (19.1) 1,046 (41.8) 382 (15.3) 4(0.2) 25 (1.0) 2,501 (100.0)
NE 543 (225) 447 (18.5) 1,028 (42.6) 367 (15.2) 4(0.2) 24 (1.0) 2,413 (100.0)
EE  23(26.1) 31 (35.2) 18 (20.5) 15 (17.0) 0(0.0) 1(1.1) 88 (100.0)
Patient-years (%)
Total 750,503 (27.2) 463,146 (16.8) 1,172,961 (42.5) 311,881 (11.3) 15,930 (0.6) 42,619 (1.5) 2,757,040 (100.0)
NE 711,917 (26.9) 430,869 (16.3) 1,142,875 (43.2) 305,647 (11.5) 15,303 (0.6) 40,547 (1.5) 2,647,158 (100.0)
EE 38,586 (35.1) 32,276 (29.4) 30,086 (27.4) 6,234 (5.7) 627 (0.6) 2,072 (1.9) 109,882 (100.0)
Events per 100,000 person-years (95% CI)
Total 75.4(69.3,84.1) 103.2(94.2,117) 89.2(83.9,96) 122.5(110.5,136.8) 25.1(6.8,65.6)  58.7(38,88.8) 90.7 (87.2,96.3)
NE  76.3 (70, 83) 103.7 (94.3, 113.8) 89.9(84.5,95.6) 120.1 (108.1,133) 26.1(7.1,66.9)  59.2(37.9,88.1) 91.2 (87.6,94.9)
Rate EE 59.6 (37.8, 89.4) 96 (65.3, 136.3) 59.8 (35.5,94.6) 240.6 (134.7,396.9) 0 (0, 588) 48.3(1.2,268.9) 80.1 (64.2,98.7)
Women
n (%) 116,963 (24.4) 71,521 (14.9) 211,010 (44) 71,582 (14.9) 2,926 (0.6) 5,105 (1.1) 479,107 (100)
Events (%)
Total 231 (30.9) 121 (16.2) 283 (37.9) 90 (12.0) 11 (1.5) 11 (1.5) 747 (100.0)
NE 216 (30.1) 112 (15.6) 280 (39.0) 89 (12.4) 10 (1.4) 11 (1.5) 718 (100.0)
EE 15 (51.7) 9 (31.0) 3(10.3) 1(3.4) 1(3.4) 0(0.0) 29 (100.0)
Patient-years (%)
Total 659,105 (25.6) 395,198 (15.3) 1,199,613 (46.6) 272,136 (10.6) 15,822 (0.6) 34,899 (1.4) 2,576,773 (100)
NE 626,114 (25.1) 369,985 (14.9) 1,177,338 (47.3) 267,959 (10.8) 15,238 (0.6) 33,503 (1.3) 2,490,135 (100)
EE 32,991 (38.1) 25,214 (29.1) 22,275 (25.7) 4,177 (4.8) 585 (0.7) 1,396 (1.6) 86,638 (100)

Events per 100,000 person-years (95% CI)
Total 35(30.7,40.9) 30.6(25.4,37.8)

NE  34.5(30.1,39.4) 30.3(24.9,36.4)
EE  455(254,75) 35.7(16.3,67.8)
Both sexes
n (%) 252,269 (25.1) 156,443 (15.5)
Events (%)
Total 797 (24.5) 599 (18.4)
NE 759 (24.2) 559 (17.9)
EE  38(32.5) 40 (34.2)

Patient-years (%)

Total 1,409,608 (26.4) 858,344 (16.1)
NE 1,338,031 (26) 800,854 (15.6)
EE 71,578 (36.4) 57,490 (29.3)

Events per 100,000 person-years (95% CI)
Total 56.5(52.7, 60.6) 69.8 (64.3, 75.6)
NE  56.7(52.8,60.9) 69.8 (64.1,75.8)
EE  53.1(37.6,72.9) 69.6 (49.7,94.7)

23.6 (20.9, 26.8)
23.8(21.1,26.7)
13.5 (2.8, 39.4)

426,767 (42.4)

1,329 (40.9)
1,308 (41.8)
21 (17.9)

2,372,574 (44.5)
2,3202,13 (45.2)
52,361 (26.6)

56 (53, 59.1)
56.4 (53.4, 59.5)
40.1 (24.8, 61.3)

33.1(26.6, 41)
332 (26.7, 40.9)
23.9 (0.6, 133.4)

153,862 (15.3)

472 (14.5)
456 (14.6)
16 (13.7)

584,017 (10.9)
573,606 (11.2)
10,411 (5.3)

80.8 (73.7, 88.5)
79.5 (72.4, 87.1)

153.7 (87.8, 249.6)

69.5 (34.7, 126.7)
65.6 31.5,120.7)

171 (4.3, 952.9)

5,843 (0.6)

15 (0.5)
14 (0.4)
1(0.9)

31,752 (0.6)
30,540 (0.6)
1,212 (0.6)

472 (26.4,77.9)
45.8 (25.1,76.9)
82.5 (2.1, 459.7)

31.5(15.7,57.5)
32.8(16.4, 58.7)
0(0,264.2)

11,561 (1.1)

36 (1.1)
35(1.1)
1(0.9)

77,517 (1.5)
74,049 (1.4)
3,468 (1.8)

46.4 (32.5, 64.3)
473 (32.9, 65.7)
28.8 (0.7, 160.7)

29 (26.9,31.7)
28.8 (26.8, 31)
33.5(22.4, 48.1)

1,006,745 (100.0)

3,248 (100.0)
3,131 (100.0)
117 (100.0)

5,333,813 (100.0)
5,137,293 (100.0)
196,520 (100.0)

60.9 (58.8, 63)
60.9 (58.8, 63.1)
59.5 (49.2, 71.4)

#Median and interquartile range

®NA: median follow-up for all centres combined is not available, as datasets kept separate

EE, ever exposed to pioglitazone; NE, never exposed to pioglitazone
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Fig. 1 Association of cumulative Events Person-years

days of exposure (per 100 days) to Centre Unexp. Exp. Unexp. Exp. RR [95% Cl]

pioglitazone with bladder cancer

o o Scotland 543 23 711,917 38,586 — . 0.92[0.83,1.02]

incidence within centres and

combined across centres in (a) Finland 1,028 18 1,142,875 30,086 . 1.07[0.98, 1.16]

men and (b) women, with

adjustment for age, Cal?nd?r year, B. Columbia 367 15 305,647 6,234 —— 1.13[1.01,1.26 ]

and ever exposure to pioglitazone

(log,-transformed axis and CPRD 447 31 430,869 32,276 — 0.97[0.91, 1.03]

whiskers). (a) The absence of

ever exposure events in Manchester 24 1 40,547 2,072 —_— 1.10[0.87,1.39]

Rotterdam prevented

convergence and hence is

excluded from the plot. (b) The

absence of ever exposure events FE: Qtest p=0.03 - 1.01[097,1.05]

in Manchester prevented

convergence and hence is RE Mode. - 1.02[0.84,1.10]

[ T T 1

excluded from the plot. B. 0.75 100 125 150

Columbia, British Columbia; Observed outcome

Exp., exposed; FE, fixed effects;

RE, random effects; Unexp., b

unexposed Events Person-years
Centre Unexp. Exp. Unexp. Exp. RR [95% Cl]
Scotland 216 15 626,114 32,991 — 1.03[0.95, 1.12]
Finland 280 3 1,177,338 22,275 -— 0.98[0.75,1.29]
B. Columbia 89 1 267,959 4,177 1.19[0.78, 1.80]
CPRD 112 9 369,985 25214 . 0.97[0.85,1.10]
Rotterdam 10 1 15,238 585 - 1.02[0.69, 1.50 ]
FE: Q test p=0.88 - 1.01[0.95, 1.08 ]

\ T \
0.75 1.00 125 150

bladder cancer when using methods to minimise allocation
bias. The contradictory directions of ever exposure effects
between centres suggest inter-centre differences in the profiles
of patients treated with the drug. In addition, there was no
relationship between rosiglitazone and bladder cancer.

Our study has a number of strengths. Most observation-
al pharmacoepidemiological studies are limited by alloca-
tion bias. Comparisons of event rates between ever users
and never users of a drug are likely to be confounded by
‘“frailty’, that is, those prescribed and those not prescribed
the drug may differ in their prior susceptibility to bladder
cancer. Such ‘allocation bias’ or ‘confounding by indica-
tion’ cannot be reliably dealt with by simple adjustment for
measured covariates such as past medical history. Another
important aspect of our analysis is that we considered
exposure to other glucose-lowering drugs in the models,
something that many other studies have not done.

Observed outcome

Alternatively, examining cumulative effects of pioglita-
zone in exposed persons only would avoid allocation bias.
However, this would preclude the simultaneous evaluation
of several exposures to glucose-lowering drugs with dif-
ferent start dates, as well as discarding information rele-
vant to other covariate effects. Our approach of focusing
on cumulative exposure but using time-dependent adjust-
ment for ever usage avoids between-person allocation bias
while maximising the use of covariate data. It also allowed
us to check whether exposure to any other glucose-
lowering drug might confound an association between
pioglitazone and bladder cancer. A further important ad-
vantage of our approach, which contrasts with previous
studies, is that we included data from a number of coun-
tries worldwide using the same methodology to analyse the
data from each countries, thereby increasing the size of our
cohort, while limiting heterogeneity.
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Fig. 2 Association of cumulative Events Person-years

days of exposure (per 100 days) to Centre Unexp. Exp. Unexp. Exp. RR [95% Cl]

pioglitazone with bladder cancer

Do o Scotland 530 23 708,136 38,565 —a 0.94[0.84,1.04]

incidence within centres and

combined across centres in (a) Finland 1,028 18 1,142,875 30,086 - 1.07[0.98, 1.16]

men and (b) women, with

adjustment for age, calendar year, B. Columbia 367 15 305,647 6,234 —— 1.13[1.01,1.27]

diabetes duration, smoking

(where available) and ever CPRD 447 31 430,542 32,266 . 0.97[0.91,1.04]

exposure to pioglitazone (log,-

transformed axis and whiskers). Manchester 22 1 39,142 2,038 —_— 1.11[0.87, 1.40]

(a) The absence of ever exposure

events in Rotterdam prevented

convergence and hence is

excluded from the plot. (b) The FE: Q test p=0.04 - 1.01[0.97,1.06 ]

absence of ever exposure events

in Manchester prevented RE Model: - 1.03[095, 1.11]

. \ T \

convergence and hence is 0.75 100 125 150

excluded from the plot. B. Observed outcome

Columbia, British Columbia;

Exp., exposed; FE, fixed effects; b

RE, random effects; Unexp., Events Person-years

0

unexposed Centre Unexp. Exp. Unexp. Exp. RR [95% Cl]
Scotland 212 15 621,331 32,981 . 1.06[0.98, 1.15]
Finland 280 3 1,177,338 22,275 -— 0.98[0.75,1.29]
B. Columbia 89 1 267,959 4,177 1.20[0.79, 1.82]
CPRD 112 9 369,609 25214 — 0.97[0.85,1.11]
Rotterdam 10 1 15,238 585 - 1.03[0.69, 1.54]
FE: Q test p=0.76 - 1.04[0.97, 1.11]

\ T \
0.75 1.00 125 150

Limitations of our study include the short follow-up time.
Our study includes more exposed cases compared with other
reports, but the actual numbers remain relatively small.
Compared with other reported observational studies, our co-
hort had a long follow-up (4.0-7.4 years), but of course further
studies involving a longer exposure to pioglitazone would be
desirable. However, to obtain robust results and allow for a
reasonable interval between pioglitazone exposure and cancer
development, we consider that a 10 year follow-up would be
needed to rule out an association. A further limitation is that
our data are mainly limited to white Europeans, with an
absence of other ethnicities, and there is a lack of complete
data on BMI and smoking across the centres. In addition, we
did not include a French population in our study as our aim
was to replicate previous findings made in a French popula-
tion in other cohorts. We were not able to adjust for proteinuria
testing, which may lead to detection bias [30], nor for con-
founders such as kidney disease and urinary tract infection
[31]. A further minor limitation was the possibility that the
same individuals were included in both the CPRD and

@ Springer

Observed outcome

Manchester cohorts (Scottish data was removed from CPRD
data). However, removing the Manchester cohort from the
meta-analysis had no impact on the results.

The rates of bladder cancer observed in our study were in
keeping with the international statistics on population rates of
bladder cancer [32]. The higher incidence in British Columbia
compared with the European centres is consistent with the
known higher rates in North America compared with Europe
[2]. Observational studies examining the risk of bladder can-
cer and pioglitazone have yielded contradictory results. These
studies varied in size and design, but all were prone to inap-
propriate causal inference and potential confounding. Table 3
summarises the characteristics of such studies. Most include a
small number of exposed cases. Three studies include a com-
parable number of exposed cases to ours, but have contradic-
tory results [8, 9, 16]. Neumann et al reported that pioglita-
zone was significantly associated with a risk of bladder cancer
in men in a French cohort study. This cohort included almost
1.5 million diabetic patients from France, with 175 cases of
bladder cancer in patients exposed to pioglitazone and a
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Fig. 3 Association of ever a

exposure to pioglitazone with Centre RR [95% CI]

bladder cancer incidence within Scotland PR S — 1.36[0.73, 2.54 ]

centres and combined across

centres in (a) men and (b) Finland I — e B 0.59[0.29, 1.20]

women, with adjustment for age,

calendar year, diabetes duration, B. Columbia  — 1.63[0.73,3.66]

smoking (where available) and

cumulative exposure to CPRD & 1.34[0.81,221]

pioglitazone (log,-transformed

axis and whiskers). (a) The Manchester 0.53[0.02, 14.38 ]

absence of ever exposure events

in Rotterdam prevented

convergence and hence is FE: Q test p=0.29 —— 1.17[0.85,1.60]

excluded from the plot. (b) The

absence of ever exposure events

in Manchester prevented : : ‘ |

convergence and hence is 0.20 0.50 1.00 2.00 5.00

excluded from the plot. Observed outcome

B. Columbia, British Columbia;

FE, fixed effects b
Centre RR [95% Cl]
Scotland ] 1.19[0.50, 2.81]
Finland 1.01[0.21,4.76 ]
B. Columbia - - 0.46[0.02,11.80]
CPRD ] 1.91[0.76, 4.76 ]
Rotterdam - - 2.41[0.12, 47.37 ]
FE: Q test p=0.86 ———emaE—— 1.39[0.79,2.43]

T \ \ \
0.20 0.50 1.00 2.00 1.50

Table 3  Published observational studies (excluding meta-analyses)
examining an association between pioglitazone and bladder cancer

Reference Country Year Exposed Total
cases (n) cases (1)
Current study Canada, Finland, 2014 117 3,248
the Netherlands, UK
Kuo et al [17] Taiwan 2014 15 259
Dormandy et al [6] European 2005 14 20
Tseng [21] Taiwan 2012 10 165
Lewis et al [8] USA 2011 90 881
Hsiao et al [16] Taiwan 2013 153 3,412
Neumann et al [9] France 2012 175 2,016
Romero et al [35] USA 2014 9 204
Wei et al [23] UK 2012 66 869
Piccinni et al [19] USA?* 2011 31 93
Azoulay et al [12] UK 2012 19 470
Fujimoto et al [15] Japan 2013 9 682
Song et al [20] Korea 2012 21 329
# Commissioned by the FDA

Observed outcome

median follow-up of 3.1 years [9]. In our study, both male and
female effects varied between centres, with no clear trend.
Furthermore, the study by Neumann et al used never exposed
participants as the reference group and did not adjust for
smoking. In a Taiwanese nested case—control study, both
pioglitazone and rosiglitazone were significantly associated
with bladder cancer. This study included 3,412 cases of blad-
der cancer, with 153 patients exposed to pioglitazone. The
mean follow-up was 3.6 years. Both pioglitazone and
rosiglitazone were associated with an increased risk of bladder
cancer; the risk increased with longer exposure to these drugs.
However, most studies reported no association between
rosiglitazone and bladder cancer, and a recent meta-analysis
showed no pooled effect [33]. This finding, together with the
use of never exposed participants as the reference group (and
its inclusion in the test for trend), suggests that these results
may be due to allocation bias. Once again, no adjustment was
made for smoking. However, a mid-term analysis of an FDA-
commissioned study of the Kaiser Permanente Northern
California diabetes registry at 5 years showed no
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Fig. 4 Association of cumulative Events Person-years
days of exposure (per 100 days) to Centre Unexp. Exp. Unexp. Exp. RR [95% Cl]
rosiglitazone with bladder cancer Scotland 531 35 688,150 62,353 . 1.00[0.94,1.05]
incidence within centres and
combined across centres in (a) Finland 990 56 1,100,472 72,489 —.— 0.98[0.93, 1.04]
men and (b) women, with
adjustment for age, calendar year B. Columbia 362 20 297,625 14,256 —— 1.02[0.92, 1.14]
and ever exposure to F0s1g11tazone CPRD 435 43 414,955 48,191 - 1.02[0.97,1.07 ]
(log,-transformed axis and
whiskers). (b) The absence of Manchester 22 3 40,185 2,433 R S 0.95[0.78,1.17 ]
ever exposure events in
Manchester prevented Rotterdam 3 1 14,758 1,172 —_—— 1.27[0.95,1.71]
convergence and hence is
excluded from the plot.
B. Columbia, British Columbia; FE: Q test p=0.58 - 1.01[0.98, 1.03]
Exp., exposed; FE, fixed effects;
Unexp., unexposed
\ T \
0.75 1.00 125 150
Observed outcome
Events Person-years

Centre Unexp. Exp. Unexp. Exp. RR [95% Cl]

Scotland 220 1 602,417 56,688 —m— 1.02[0.94,1.12]

Finland 280 3 1,143,377 56,236 —_— 1.02[0.81,1.29]

B. Columbia 87 3 262,030 10,106 - 0.91[0.61,1.36]

CPRD 109 12 353,288 41,910 — 0.98[0.89, 1.08]

Rotterdam 10 1 14,484 1,338 1.06[0.78, 1.44 ]

FE: Q test p=0.95 - 1.00[ 0.94, 1.07 ]

[ T 1
0.75 1.00 125 150

association between bladder cancer and short-term pio-
glitazone use, but the risk increased slightly with the
longest exposure period and highest cumulative dose
[8]. This study included 193,099 cases, with 90 exposed
patients. The authors recently suggested that proteinuria
testing may have had a confounding effect in this co-
hort. They found that patients treated with pioglitazone
were more likely than others to undergo proteinuria
testing. They hypothesised that this could lead to early
detection of asymptomatic haematuria, and thereby ear-
lier bladder cancer detection [30]. Although these large
studies measured cumulative exposure, they are still
prone to allocation bias because they used never ex-
posed patients as the control group.

In addition to these single centre studies, there have been
several meta-analyses of published data, which reported an
increased risk of bladder cancer with pioglitazone use [13, 24,
33]. These are limited by the heterogeneity of the study
methodology and the different combinations of confounders
measured.

@ Springer

Observed outcome

This analysis, to our knowledge, is the only one to use
identical methodology across international centres involving a
large number of diabetic patients. We have shown that even
when the same methods are used, the ever use vs never use
relationship varies between centres. This emphasises the high
potential for allocation bias when using analyses that simply
compare users with ever users and never users, and offers a
possible explanation for the contradictory results in previous
studies.

In summary, our large international analysis does not
support a causal effect of pioglitazone on bladder can-
cer, thus contradicting previous studies deemed to have
proven this relationship [30, 34]. To fully resolve this
controversy, future analyses are needed, involving lon-
ger follow-up of exposed persons and using methods to
minimise allocation bias.
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