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AIMS

To determine whether thiazolidinedione use is associated with a risk of bladder cancer.

METHODS

We searched MEDLINE and EMBASE in June 2012 (with PubMed update to July 2013) and conducted meta-analysis on the overall risks
of bladder cancer with pioglitazone or rosiglitazone and the risk with different categories of cumulative dose or duration of drug use.

RESULTS

We screened 230 citations and included 18 studies, comprising five randomized controlled trials (RCTs) and 13 observational studies.
Meta-analysis showed a significantly higher overall risk of bladder cancer with pioglitazone in RCTs [7878 participants; odds ratio (OR)
2.51, 95% confidence interval (Cl) 1.09-5.80] and observational studies (>2.6 million patients; OR for ‘ever’ users vs. non-users 1.21, 95%
Cl 1.09-1.35). Subgroup analysis of observational studies by cumulative dose showed the risk of bladder cancer to be greatest with
>28.0 g of pioglitazone (OR 1.64, 95% Cl 1.28-2.12). A significantly increased risk was found with both 12-24 months (OR 1.41, 95% Cl
1.16-1.71) and >24 months (OR 1.51, 95% Cl 1.26-1.81) cumulative durations of pioglitazone exposure. No significant risk was seen
with rosiglitazone in RCTs (OR 0.84, 95% Cl 0.35-2.04) or ‘ever’ users vs. non-users in observational studies (OR 1.03, 95% Cl 0.94-1.12);
the evidence for any relationship between bladder cancer risk and rosiglitazone cumulative duration is limited and inconsistent. Direct
comparison of pioglitazone to rosiglitazone ‘ever’ users yielded an OR of 1.25 (95% Cl 0.91-1.72).

CONCLUSIONS

A modest but clinically significant increase in the risk of bladder
cancer with pioglitazone was found, which appears to be related to cumulative dose and duration of exposure. We recommend that
prescribers limit pioglitazone use to shorter durations.

Introduction

The thiazolidinediones (TZDs), pioglitazone and rosig-
litazone, are peroxisome proliferator-activated receptor y
(PPARY) agonists that were developed as oral medica-
tions for the management of type 2 diabetes mellitus,
although safety concerns have dogged both agents in
recent years.

Bladder cancer is the fourth and 11th most common
cancer type in men and women in developed countries,
respectively [1], with an estimated combined 5 year rela-
tive survival rate range in the USA of 96.4-5.4% with
increasing stage of disease at diagnosis [2]. The first signal
for a possible risk of bladder cancer with pioglitazone
arose from the preclinical rat carcinogenicity study
included in its 1998/1999 licensing applications, which
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reported an increased incidence of hyperplasia (male
and female) and malignant tumours (male) of the urinary
bladder epithelium in rats administered pioglitazone
[3-5]. Rosiglitazone alone was not associated with
bladder cancerin 2 year nonclinical carcinogenicity studies
reported in 2005 [6], although in 2008 it was shown to
significantly promote bladder neoplasm incidence in rats
pretreated with hydroxybutyl(butyl)nitrosamine (a urinary
bladder specific carcinogen) [7].

The bladder cancers that arose following pioglitazone
exposure occurred predominantly in male rats and were
not observed in mice of either sex [8]. The mechanism
for pioglitazone-induced male rat wurinary bladder
carcinogenesis is thus not thought to be due to direct
PPARY interaction, because little differential variation in
PPARY expression exists between the sexes/species [8].
The alternative ‘crystalluria’ hypothesis proposes that
pioglitazone increases urinary solidification, resulting in
chronic bladder irritation and carcinogenesis. Data sup-
porting this hypothesis have been presented for rats [9,
10], and it is known that male rats are more prone to
develop urinary solids than female rats, mice or, indeed,
primates (including humans) [8, 91. However, pioglitazone
has also been observed to induce hyperplasia in the
male rat urinary bladder despite suppression of urinary
microcrystal formation through diet-induced urinary acidi-
fication [5, 10, 11], and so the summary of product charac-
teristics for pioglitazone states that the relevance to
humans of the tumourigenic findings in the male rat
cannot be excluded [4].

Clinically, rosiglitazone has received little attention
regarding bladder cancer risk in patients. This is in large
part because the US Food and Drug Administration (FDA)
imposed it under stringent prescribing restrictions [12]
and the European Medicines Agency (EMA) suspended
its marketing authorization in 2010 [13], following mount-
ing concerns over its cardiovascular safety profile [14].
However, clinical evidence has accumulated to suggest an
association between pioglitazone and bladder cancer.
Consequently, the FDA issued a safety announcement
in 2010 [15] and updated the drug labels of pioglitazone-
containing medicines in 2011 to recommend that
healthcare professionals avoid pioglitazone in patients
with active bladder cancer and prescribe it with caution in
those with a past history of bladder cancer [16]. The EMA
Committee for Medicinal Products for Human Use went
further following their own review in 2011, extending the
new advised contraindications to include patients with
previous bladder cancer or uninvestigated macroscopic
haematuria, but continue to license pioglitazone [17, 18].
As a result of one study [19],in 2011 France suspended the
use of pioglitazone, and Germany and Luxembourg opted
to recommend not starting new patients on pioglitazone
[17].

However, since these decisions were made multiple
further conflicting observational studies have been pub-
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lished. Previous meta-analyses have been undertaken, but
none has assimilated all of the current available evidence
[20-22]. The recent decision by India’s ministry of health
and family welfare department to revoke the ban it
imposed on pioglitazone-containing compounds merely
6 weeks earlier highlights the need for an up-to-date
systematic review of the present literature concerning
pioglitazone and its potential risk of bladder cancer [23].
Furthermore, the FDA has recently voted to relax prescrib-
ing restrictions placed on rosiglitazone, making an inves-
tigation into its association with bladder cancer of clinical
as well as mechanistic interest [24]. This present study
has been conducted to determine, in a population of
adult patients with type 2 diabetes mellitus: (i) does (a)
pioglitazone ‘ever’ use or (b) rosiglitazone ‘ever’ use
increase the risk of bladder cancer; and data permitting,
(ii) is there a relationship between (a) cumulative dose or
(b) cumulative duration of exposure and risk of bladder
cancer with pioglitazone or, alternatively, rosiglitazone?

Methods

There were two independent reviewers involved in the
process of study selection, data extraction and validity
assessment throughout this review, with any discrepan-
cies and disagreements being resolved through discussion
amongst the team.

Inclusion criteria

Our inclusion criteria for randomized controlled trials
(RCTs) were as follows: (i) parallel-group design of at least
52 weeks duration; (i) prevention or treatment of diabetes
mellitus; (iii) pioglitazone or rosiglitazone as the interven-
tion vs. a control treatment, in which the comparison
groups consisted of nonthiazolidinedione therapy or
placebo; and (iv) outcome data (including explicit mention
of zero events) on bladder cancer adverse events.

We also evaluated controlled observational studies
(case—control or cohort) reporting the risk of bladder
cancer with any pioglitazone or rosiglitazone exposure
compared with those without such exposure. Eligible
studies had to present an odds ratio (OR), relative risk (RR)
or hazard ratio or sufficient data to enable us to calculate
the OR.

Search strategy

An electronic search (MEDLINE and EMBASE) was carried
out using OvidSP in June 2012, and we updated this
through to July 2013 on a weekly basis using automated
PubMed update notifications of newly published citations
relating to thiazolidinediones and bladder cancer (see
Supporting Information S1 for search terms). We examined
the websites of the US FDA, the European regulatory
authorities and clinical trial registers of pioglitazone and
rosiglitazone [25, 26]. The bibliographies of included
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studies and other existing systematic reviews were also
used to identify relevant articles. We did not impose any
restrictions on language or type of article.

Study selection

The initial screen involved checking titles and abstracts to
exclude articles that clearly did not fulfil the inclusion cri-
teria for relevant RCTs or observational studies evaluating
the use of pioglitazone or rosiglitazone. Any potentially
relevant reports were assessed further for eligibility after
retrieving full-text versions.

Extraction of study characteristics

and outcomes

Study characteristics and outcomes were extracted inde-
pendently by pairs of reviewers from the team (CSK, YKL,
RMT, CC-T and CAM). In order to avoid inadvertent double
counting and data duplication, we matched regulatory
reports and trial registry results to journal manuscripts
based on sample size, duration, period of recruitment and
intervention arms and we collated all the information
together for each individual trial.

We used a standardized data-extraction format to
record study characteristics, dose and frequency of inter-
ventions, and the mean age and sex of participants in
the RCTs. The design and relevant data sources, study
follow-up period, the number of study participants, mean
age and sex and the crude and adjusted outcome results
were recorded for the observational studies. Where
available, we extracted data on bladder cancer outcomes
according to different exposure categories, such as current
use or past use, cumulative duration of use and cumulative
dosage levels.

Any unclear items or discrepancies were resolved after
rechecking against the source papers and discussion with
a third reviewer. We aimed to contact authors if there were
any areas that required clarification.

Assessment of risk of bias

We recorded information on blinding, allocation conceal-
ment, withdrawals and the loss to follow-up in RCTs. In
accordance with recommendations on assessing adverse
effects, we extracted information on participant selection,
ascertainment of exposure and outcomes, as well as
methods of addressing confounding in observational
studies [27]. Studies deemed to be at high risk of bias were
excluded from all meta-analyses.

We planned to generate funnel plots to assess the pos-
sibility of publication bias, provided that there were >10
studies available in a meta-analysis, with no evidence of
substantial statistical heterogeneity [28].

Statistical analysis

We pooled trial data for binary outcomes based on Peto
OR meta-analysis with Review Manager version 5.1.7
(Nordic Cochrane Center, Copenhagen, Denmark) [29]. For
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the observational studies, we conducted fixed-effect
meta-analysis using the inverse variance method for
pooled OR. We assumed similarity between the RR and OR
because the adverse outcome of interest has low inci-
dence [30].

We assessed statistical heterogeneity using the /? sta-
tistic, with /> > 50% indicating a substantial level of hetero-
geneity [31]. If substantial statistical heterogeneity was
found, we planned to use random-effects modelling for
the meta-analysis.

Prespecified subgroup analysis was performed by
evaluating the effect of cumulative dose and duration of
exposure.

The number needed to treat for harm and its 95% con-
fidence interval (Cl) with pioglitazone was calculated using
Visual Rx, version 3.0 (Dr Chris Cates, University of London,
UK) by applying the OR estimates to the control event rate
in a large cohort study [32]. Herein, the number needed to
treat for harm is the number of patients who need to be
treated with pioglitazone for an additional patient to be
harmed by an incident bladder cancer.

Results

We screened 230 citations overall. From our initial search,
14 studies met the inclusion criteria: five interventional
[33-40] and nine observational [19, 41-48]. Four further
observational studies were selected for inclusion from
weekly automated PubMed updates (up to July 2013) [49-
52]. Figure 1 is a schematic diagram of the study selection
process. Table 1 presents the main study characteristics of
the five RCTs and risk-of-bias evaluations. Table 2 shows
the main study characteristics and overall results of the 13
observational studies. Table3 summarizes the meta-
analysis results from the present study.

Interventional studies

There were three pioglitazone trials for which bladder
cancer outcomes were found [33-37], with one trial where
the data had to be sourced from the US product label [16,
37]. Bladder malignancies from two rosiglitazone trials
were specifically reported in a single publication that
followed the original trial reports [38-40]. The pioglitazone
trials were considered to be of high quality, as was one of
the rosiglitazone trials with adequate randomization, allo-
cation concealment, double blinding and reporting of
withdrawals [39]; the second rosiglitazone trial was not
double blinded and was considered to be at a moderate
risk of bias [38] (Table 1).

Observational studies

The study designs of the 13 included observational studies
were as follows: eight cohort [19, 41-45, 49, 50]; four case-
control [46, 47, 51, 52], with three of these being case-
control studies nested within cohorts [46, 47, 51]; and one



Titles and abstracts for screening from search,n =
230 (sources: MEDLINE/EMBASE = 145,Trial
registers and other systematic reviews = 46,

PubMed Update = 39)

Excluded articles that
clearly did not meet
inclusion criteria (n = 164)

A

Detailed checking of potentially eligible articles
(n=66)

Excluded (n = 48):

40 RCTs with no mention
of bladder cancer,

5 meta-analyses,

3 review articles

Total no. studies included in qualitative synthesis (n = 18):
RCTs (n = 5), Observational studies (n = 13)

| |

Meta-analyses involving
pioglitazone:

RCTs (n =3),

Observational studies (n = 9)

Meta-analyses involving
rosiglitazone:

RCTs (n =2),

Observational studies (n = 6)

Figure 1

Flow diagram to show the process of study selection

case/noncase study (that calculated reporting OR based
on disproportionality analysis of spontaneous adverse
event reports) [48].

We viewed all of the observational studies to be
susceptible to a variable degree of bias (Supporting Infor-
mation S2). All the cohort and case—control studies are
based on electronic administrative databases of health-
care use. With this methodology, regarding drug use we
cannot be certain of patient consumption of medication
and regarding bladder cancer occurrence and confound-
ing factors, we cannot be certain of the validity of entered
electronic diagnostic codes. From our 13 observational
studies, three were excluded from meta-analysis [43, 48,
49]. Two were excluded because they were considered to
be at a high risk of bias: (i) the case/noncase study [48],
because it was conducted using disproportionality analy-
sis (on relative frequencies of spontaneous reports) and
does not provide risk data on numerical outcomes [53];
and (ii) one cohort study, because it failed to adjust for
any potential confounders [49]. The third observational
study excluded was a cohort study that reported results
only for the generic thiazolidinedione drug class and
did not provide results for individual thiazolidinediones
[43].

Thiazolidinediones and bladder cancer BJCP

Meta-analyses

Pioglitazone

The risk of bladder cancer with pioglitazone use vs. no
use The pooled sample size of the three RCTs was 7878
participants with 22 bladder cancers diagnosed [33-37],
with a significant risk Peto OR 2.51 (95% Cl 1.09-5.80, P =
0.03, > = 27%; Figure 2). The gross theoretical total of the
eight eligible observational studies was 2 690 633 patients
[19,41,44-47,51,52]. The pooled sample size for adjusted
results, after accounting for nesting [46, 47, 51], was
1982 536 patients with 9593 incident bladder cancers. The
observational study summary result showed a lower mag-
nitude but significant relationship between pioglitazone
‘ever’ use vs. no use and bladder cancer (OR 1.21, 95% ClI
1.09-1.35, P = 0.0005, I> = 0%; Figure 3).

The risk of bladder cancer with increasing cumulative
dose of pioglitazone use vs. no use Five observational
studies provided results for the risk of bladder cancer with
different cumulative doses of pioglitazone exposure vs. no
use [19, 41, 44, 46, 47] (Supporting Information S3); four
were compatible for pooling [19, 41, 44, 46]. The meta-
analysis for cumulative dose showed a significant associa-
tion between pioglitazone use and bladder cancer in the
largest cumulative dose category (>28.0 g: OR 1.64, 95% Cl
1.28-2.12, P=0.0001, I> = 0%), whereas the pooled OR for
<10.5 g cumulative dose was 1.13 (95% Cl 0.94-1.35, P =
0.20, I = 0%; Figure 4). In keeping with a dose-response
effect, the intermediate cumulative dose exposure cat-
egory (10.5-28.0 g) had an intermediate risk of borderline
statistical significance (OR 1.22, 95% Cl 0.99-1.50, P = 0.06,
> = 0%). The test for subgroup differences found a signifi-
cant difference in the associated risk seen with lower
(<10.59) in comparison to higher (>28.0g) cumulative
dose (P = 0.02). No significant difference was found
between the >28.0 and 10.5-28.0 g cumulative dose sub-
groups (P = 0.08). The observational study not compatible
for pooling demonstrated a nonsignificant trend towards
increased risk with increasing cumulative pioglitazone
dosage [47].

The risk of bladder cancer with increasing cumu-
lative duration of pioglitazone use vs. no use Six
observational studies provided results for the risk of
bladder cancer with different cumulative durations of
pioglitazone exposure vs. no use [19, 41, 44, 46,47, 51]. All
six were compatible for pooling, although one study first
required its 2-3 and >3 year categories to be combined
into one estimate by estimating the weighted average
using the inverse variance method [47]. A significant asso-
ciation with bladder cancer for both the 12-24 and >24
month categories was seen, but the association was
nonsignificant when pioglitazone treatment was for
<12 months cumulative duration (Figure 5). The test for
subgroup differences found a significant difference in
the associated risk seen with shorter (<12 months)
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Thiazolidinediones and bladder cancer BJCP

TZD use Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Pioglitazone
Dormandy 2005 [33,34] 14 2605 5 2633  86.3% 2.62 [1.06, 6.44] ——
Nissen 2008 [35,36] 0 273 | 270 4.6% 0.13 [0.00,6.75] =™
Tolman 2009 [16,37] 2 1051 0 1046 9.1% 7.36 [0.46, 117.76] —
Subtotal (95% CI) 3929 3949  100.0% 2.51 [1.09, 5.80] N
Total events 16 6

Heterogeneity: Chi? = 2.73,df = 2 (P = 0.25); I* = 27%
Test for overall effect: Z = 2.15 (P = 0.03)

Rosiglitazone

Home 2009 [38,40] 6 2220 5 2227 55.3% 1.20 [0.37,3.93] I.

Kahn 2006 [39,40] 2 1456 8 2895 44.7% 0.55 [0.15,2.03] B

Subtotal (95% CI) 3676 5122  100.0% 0.84 [0.35,2.04] ‘

Total events 8 13

Heterogeneity: Chi2 = 0.77,df = | (P = 0.38); 12 = 0%

Test for overall effect: Z = 0.38 (P = 0.71)
f f f f f {
0.1 0.2 0.5 1 2 5 10

TZD safe TZD harmful

Figure 2

Meta-analyses of randomized controlled trials to show the risk of bladder cancer with pioglitazone or rosiglitazone

Odds Ratio Odds Ratio
Study or Subgroup Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Pioglitazone
Azoulay 2012 [46] 45%  1.83[1.10,3.05] —_—
Chang 2012 [47] 12.4%  0.95 [0.70, 1.29] ——
Hsiao 2013 [51] 3.6%  1.62[0.92,2.86] T
Lewis 2011 [41] 17.8% 1.20 [0.93, 1.55] T
Neumann 2012 [19]  48.6%  1.22[1.05, 1.42] ——
Song 2012 [52] 0.3% 2.09 [0.26, 16.80]
Tseng 2012 [44] 2.5%  1.31[0.66,2.59] . >
Wei 2013 [45] 10.4%  1.16 [0.83,1.62] ——
Subtotal (95% CI) 100.0% 1.21 [1.09, 1.35] ‘

Heterogeneity: Chi? = 6.34,df = 7 (P = 0.50); 1> = 0%
Test for overall effect: Z = 3.48 (P = 0.0005)

Rosiglitazone

Azoulay 2012 [46] 4.9% 1.14[0.78,1.67] I L
Chang 2012 [47] 10.8%  1.05[0.81,1.36] -
Hsiao 2013 [51] 2.5% 1.15[0.67,1.98] e
Neumann 2012 [19] 29.3%  1.08 [0.92, 1.26] T

Tseng 2013 [50] 52.6%  0.98[0.87,1.10] t
Subtotal (95% CI) 100.0%  1.03 [0.94,1.12]

Heterogeneity: Chi? = 1.49, df = 4 (P = 0.83); 12 = 0%
Test for overall effect: Z = 0.62 (P = 0.53)

0I.5 OI.7 | II.5 i
TZD safe TZD harmful

Figure 3

Meta-analyses of observational studies to show the adjusted risk of bladder cancer with ever use of pioglitazone or rosiglitazone
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Odds Ratio Odds Ratio
Study or Subgroup Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
<10.5 Grams
Azoulay 2012 [46] 4.9% 1.58 [0.69, 3.62] =
Lewis 2011 [41] 23.2% 1.00 [0.68, 1.46]
Neumann 2012 [19] 65.8% 1.12 [0.89, 1.40]
Tseng 2012 [44] 6.1% 1.45 [0.69, 3.05] a
Subtotal (95% CI) 100.0% 1.13 [0.94, 1.35] b

Heterogeneity: Chi = 1.46,df = 3 (P = 0.69); 1> = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

10.5 - 28.0 Grams

Azoulay 2012 [46] 5.7% 1.66 [0.70,3.94]
Lewis 2011 [41] 25.8% 1.20 [0.80, 1.80]
Neumann 2012 [19] 68.5% 1.20 [0.94, 1.54]
Subtotal (95% CI) 100.0% 1.22 [0.99, 1.50]

Heterogeneity: Chi2 = 0.51,df = 2 (P = 0.77); 1> = 0%
Test for overall effect: Z = 1.91 (P = 0.06)

>28.0 Grams

Azoulay 2012 [46] 8.2% 2.54 [1.05, 6.14]
Lewis 2011 [41] 41.9% 1.40 [0.95,2.07]
Neumann 2012 [19] 49.9% 1.75 [1.22,2.51]
Subtotal (95% CI) 100.0% 1.64 [1.28,2.12]

Heterogeneity: Chi2 = 1.70,df = 2 (P = 0.43); 1> = 0%
Test for overall effect: Z = 3.84 (P = 0.0001)

Figure 4

= >
__._
——
<@
0.2 0.5 I 2 5

Pioglitazone safe Pioglitazone harmful

Meta-analysis of observational studies to show the adjusted risk of bladder cancer with increasing cumulative dose of pioglitazone

compared with longer (>24 months) durations (P = 0.007)
and shorter (<12 months) compared with intermediate
(12-24 months) durations (P = 0.05), but no significant
difference was found between intermediate and longer
durations of pioglitazone use (P = 0.6).

Sensitivity analyses Smoking is the most important risk
factor for bladder cancer [1]. In two sensitivity meta-
analyses for the risk of bladder cancer with ‘ever’ use of
pioglitazone vs. no use, we restricted the pooled observa-
tional studies to the following: (i) those that directly
adjusted for smoking [41, 45, 46, 52]; and (ii) those that
directly adjusted for smoking [41, 45, 46, 52] plus those
that adjusted for chronic obstructive pulmonary disease
[44, 51], a surrogate marker for smoking (Supporting Infor-
mation S4). In both cases, the risk of bladder cancer with
pioglitazone use remained statistically significant and of

266 | 78:2 / Br] Clin Pharmacol

equivalent magnitude to our primary pooled observa-
tional study pioglitazone result (Figure 3).

The number needed to treat with pioglitazone for
harm In order to estimate the number needed to treat for
harm in a real-world population, we used an estimated
baseline incidence rate for bladder cancer of 0.14% per
37.5 months follow-up from non-users of pioglitazone
within the largest included observational study [19].
Table 4 shows the calculated numbers needed to treat
for harm based on the pooled OR according to a range of
pioglitazone exposures.

Rosiglitazone

The risk of bladder cancer with rosiglitazone use vs.
no use The pooled sample characteristics of the two
RCTs were 8798 participants with 21 bladder cancers



Thiazolidinediones and bladder cancer BJCP

Odds Ratio Odds Ratio

Study or Subgroup Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
<12 months
Azoulay 2012 [46] 0.5% 0.56 [0.07, 4.45] <
Chang 2012 [47] 16.4% 0.87 [0.61, 1.25] —
Hsiao 2013 [51] 32.2% 1.45 [1.12, 1.87] ——
Lewis 2011 [41] 14.1% 0.80 [0.54, 1.18] — =
Neumann 2012 [19] 33.0% 1.05 [0.82, 1.35]
Tseng 2012 [44] 3.8% 1.54 [0.73,3.25]
Subtotal (95% CI) 100.0% 1.10 [0.95, 1.27]
Heterogeneity: Chi = 10.03,df = 5 (P = 0.07); I* = 50%
Test for overall effect: Z = 1.28 (P = 0.20)
12-24 months
Azoulay 2012 [46] 1.5% 3.03 [0.63, 14.55] =
Chang 2012 [47] 10.1% 1.20 [0.65,2.22] 1
Hsiao 2013 [51] 14.8% 1.74 [1.05,2.89] - =
Lewis 2011 [41] 21.2% 1.40 [0.92,2.14] T
Neumann 2012 [19] 52.3% 1.34 [1.02, 1.76] ——
Subtotal (95% ClI) 100.0% 1.41 [1.16,1.71] >
Heterogeneity: Chi? = 1.97,df = 4 (P = 0.74); 1> = 0%
Test for overall effect: Z = 3.43 (P = 0.0006)
>24 months
Azoulay 2012 [46] 10.8% 1.99 [1.14,3.46] L —
Chang 2012 [47] 5.7% 1.12 [0.52,2.40] B I E—
Hsiao 2013 [51] 8.9% 2.93 [1.59,5.39] S E—
Lewis 2011 [41] 29.9% 1.40 [1.00, 1.95] —
Neumann 2012 [19] 44.7% 1.36 [1.04,1.78] ——
Subtotal (95% CI) 100.0% 1.51 [1.26,1.81] <&
Heterogeneity: Chi’ = 6.86, df = 4 (P = 0.14); 1> = 42%
Test for overall effect: Z = 4.47 (P < 0.00001)

} } } } } i

0.1 02 0.5 | 2 5 10

Figure 5

Pioglitazone safe Pioglitazone harmful

Meta-analysis of observational studies to show the adjusted risk of bladder cancer with increasing cumulative duration of pioglitazone exposure

Table 4

The number needed to treat for harm from pooled observational study populations with various exposures to pioglitazone

Number needed to treat for harm*

Odds ratio from meta-analysis

(95% confidence interval) (95% confidence interval)

Pioglitazone exposure

1.21 (1.09-1.35)
1.64 (1.28-2.12)

1.51(1.26-1.81)

3408 (2045-7949)
1119 (640-2556)

1404 (885-2753)

‘Ever’ use
>28.0 g cumulative dose
>24 months cumulative duration

*The number of patients who must be treated with pioglitazone, compared with an equal number not exposed to pioglitazone, to result in one additional case of bladder cancer

in the pioglitazone treatment group.

[38-40], while for the five observational studies [19, 46,
47, 50, 51] the adjusted pooled results were from
2411466 participants with 10475 bladder cancers. No
clear association between rosiglitazone use and bladder

cancer was seen with the pooled RCTs (Peto OR 0.84, 95%
Cl 0.35-2.04, P = 0.71, > = 0%; Figure 2) or the pooled
observational studies (OR 1.03, 95% Cl 0.94-1.12, P=0.53,
I = 0%; Figure 3).
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Odds Ratio Odds Ratio
Study or Subgroup Weight IV,Random, 95% CI IV, Random, 95% CI
<12 months
Chang 2012 [47] 27.7% 1.07 [0.80, 1.43] —i—
Hsiao 2013 [51] 72.3% 0.98 [0.82,1.17]
Subtotal (95% CI) 100.0% 1.00 [0.86, 1.17] t

Heterogeneity: Tau? = 0.00; Chi2 = 0.26,df = | (P = 0.61);1*> = 0%
Test for overall effect: Z = 0.05 (P = 0.96)

12-24 months

Chang 2012 [47] 43.6% 1.26 [0.86, 1.85]
Hsiao 2013 [51] 56.4% 1.78 [1.32,2.40]
Subtotal (95% CI) 100.0% 1.53 [1.09,2.14]

Heterogeneity: Tau? = 0.03; Chi2 = 1.92,df = | (P = 0.17); 12 = 48%
Test for overall effect: Z = 2.49 (P = 0.01)

>24 months

Chang 2012 [47] 49.6% 0.84 [0.56, 1.26]
Hsiao 2013 [51] 50.4% 2.00 [1.37,2.92]
Subtotal (95% CI) 100.0% 1.30 [0.56, 3.04]

Heterogeneity: Tau? = 0.34; Chi? = 9.30,df = | (P = 0.002); I* = 89%
Test for overall effect: Z = 0.61 (P = 0.54)

Figure 6

T T T
0.5 0.7 I 1.5 2
Rosiglitazone safe Rosiglitazone harmful

Meta-analysis of observational studies to show the adjusted risk of bladder cancer with increasing cumulative duration of rosiglitazone exposure

The risk of bladder cancer with increasing cumulative
duration of rosiglitazone use vs. no use Four observa-
tional studies reported results for the risk of bladder cancer
with different cumulative durations of rosiglitazone expo-
sure vs. no use (Supporting Information S3) [46, 47, 50, 51];
two studies were compatible for pooling [47, 51]. Given
the substantial heterogeneity detected in the cumulative
duration >24 months subgroup (> = 89%), random effects
meta-analysis was performed (Figure 6). Of the two studies
that could not be pooled, neither reported a significant
risk with different cumulative durations of rosiglitazone
exposure [46, 50]. We had no compatible data to conduct
a pooled dose analysis for rosiglitazone, but of the three
observational studies that provided results for cumulative
dose, no significant risk was shown [46, 47, 501.

The risk of bladder cancer with pioglitazone ‘ever’ users
in comparison to rosiglitazone ‘ever’ users Although the
above analyses permit indirect comparisons between
pioglitazone and rosiglitazone, we carred out a meta-

268 |/ 78:2 / Br] Clin Pharmacol

analysis to contrast the two thiazolidinediones directly,
after pooling the adjusted results of the two observational
studies that report on the risk of bladder cancer with
pioglitazone ‘ever’ use vs. rosiglitazone ‘ever’ use [42, 46]
(Supporting Information S5). The pooled sample size
was 29 356 patients with 182 bladder cancer cases, and
the summary risk estimate, whilst tending towards
pioglitazone being harmful, was not statistically significant
(OR 1.25,95% C1 0.91-1.72, P =0.16, I* = 0%).

We did not conduct an asymmetry test for publication
bias because there were <10 studies in any particular
meta-analysis.

Discussion

In this study, we investigated the relationship between
pioglitazone use, rosiglitazone use and incident bladder
cancer. To summarize our results, we found the overall
use of pioglitazone to be associated with a significant



risk of bladder cancer in both the pooled estimate of RCTs
(Figure 2) and the pooled estimate of observational
studies (Figure 3). Importantly, we confirmed a cumulative
dose and duration relationship between pioglitazone
exposure and associated risk of bladder cancer (Figures 4
and 5). Unlike pioglitazone, we found no association
between rosiglitazone ‘ever’ use and risk of incident
bladder cancer (Figures2 and 3). There is limited and
inconsistent evidence on any relationship between risk of
bladder cancer and cumulative duration of rosiglitazone
exposure (Figure 6). There was a nonsignificant trend
towards increased risk of bladder cancer in pioglitazone
‘ever’ users directly compared with rosiglitazone ‘ever’
users (Supporting Information S5).

Pioglitazone

Pioglitazone confers a risk of a number of established
adverse drug reactions, including bone fractures (OR 2.23,
95% Cl 1.65-3.01 in women) [54], oedema and congestive
heart failure (OR 1.41, 95% Cl 1.14-1.76) [55]. In compari-
son, the association between bladder cancer and ‘ever’ use
of pioglitazone vs. no use from the pooled observational
studies in this investigation was more modest (OR 1.21,
95% Cl 1.09-1.35), whereas the risk magnitude appeared
greater from the pooled RCTs (OR 2.51, 95% Cl 1.09-5.80).
However, it is inherently difficult to obtain precise esti-
mates of rare events, and we note that the 95% Cls from
the pooled RCT meta-analysis are relatively wide and
encompass the 95% Cl range of the pooled observational
study meta-analysis. Of these two point estimates though,
despite observational studies having less internal validity
than RCTs, we consider the pioglitazone ‘ever’ use pooled
observational study result (OR 1.21, 95% 1.09-1.35) to be
closer to the underlying ‘true’ risk magnitude because,
compared with the pooled RCT result, it is derived from a
superior sample size from a wider population more repre-
sentative of the general public, has a higher degree of
statistical significance (0.0005 vs. 0.03, respectively) and
negligible heterogeneity (0 vs. 27%, respectively).

We believe our finding that pioglitazone carries a
significant but modest risk of human bladder cancer is
credible for three reasons. Firstly, we observed consistent
directions of effect between the pooled RCTs and pooled
observational study results for pioglitazone ‘ever’ use
(and rosiglitazone ‘ever’ use). Secondly, the results of
our sensitivity meta-analyses were highly consistent with
our primary pioglitazone pooled observational study risk
estimate. Thirdly, we found a plausible ascending risk of
bladder cancer associated with both cumulative dose and
duration, with the greatest risk seen in those receiving
>28.0 g dose (OR 1.64, 95% Cl 1.28-2.12) or >24 months
duration (OR 1.51, 95% Cl 1.26-1.81) of pioglitazone
therapy.

To aid clinical interpretation, we estimated the
numbers needed to treat with pioglitazone for harm (an
incident bladder cancer). Even with those at highest risk,

Thiazolidinediones and bladder cancer BJCP

the number needed to treat for harm was 1119 (95% Cl
640-2556) and 1404 (95% Cl 885-2753) for >28.0 g and
>24 months cumulative pioglitazone exposures, respec-
tively. By way of comparison, it has been previously esti-
mated that the number of women with type 2 diabetes
mellitus needed to treat with long-term thiazolidinedione
therapy to result in a bone fracture within 1 year is
between 21 and 55 patients, depending in part on the age
of the women [54]. Therefore, although the risk of bladder
cancer is of grave concern given its potential for morbidity
and mortality, its occurrence is less frequent than other
adverse effects. Nevertheless, the worldwide exposure to
pioglitazone has been estimated to exceed 20 million
patient-years [5] and so, hypothetically, using the con-
servative estimate of the basal rate of bladder cancer in
patients with diabetes of 50/100 000 person-years [56] and
our OR of 1.21, over 2000 additional bladder cancer cases
may already be attributable to pioglitazone.

It has been suggested that pioglitazone is no longer
required for management of type 2 diabetes in the face
of its known adverse drug reactions, the accumulating
evidence for its risk of bladder cancer and the newer
antidiabetic oral medication classes with improved safety
profiles that have been developed, such as dipeptidyl
peptidase-4 inhibitors and sodium-glucose linked trans-
porter 2 inhibitors [57]. Whilst we keenly anticipate these
newer agents to benefit patient care increasingly, we are
also aware that there are over 10 years of postmarketing
data available for pioglitazone; therefore, despite its short-
comings, healthcare regulators, healthcare providers and
patients know more about pioglitazone’s risks of rare
events than they do for the newer agents and so precau-
tionary contraindications for pioglitazone therapy are
already in place [16-18]. Both the EMA and the US FDA
continue to view pioglitazone as possessing a positive
benefit-risk profile, and following the expiry of its patent
in 2012, several generic pioglitazone-containing com-
pounds have been authorized [56]. Therefore, we envis-
age that in at least the short and medium terms,
pioglitazone will retain its current clinical role. Within this
clinical context, we consider our finding of an increased
risk of bladder cancer with higher cumulative doses and
durations of pioglitazone exposure to provide practical,
useful pharmacovigilance information to healthcare pro-
viders. This information can facilitate the identification of
patient subgroups most at risk of bladder cancer, in whom
further pioglitazone therapy should be cautioned against
and the use of alternative antidiabetic medications be
encouraged.

Rosiglitazone

The ‘ever’ use of rosiglitazone was consistently shown not
to be associated with the risk of bladder cancer in both
the pooled RCT and pooled observational study analyses.
We consider the rosiglitazone cumulative duration
meta-analysis to be of interest but merely hypothesis
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generating. No robust conclusions can be drawn from it
because it included only two studies with substantial het-
erogeneity, and the two observational studies that pro-
vided cumulative rosiglitazone duration data incompat-
ible for pooling reported nonsignificant results [46, 50]. On
the contrary, one study has reported an increased risk of
bladder cancer in patients commenced on rosiglitazone =5
years previously compared with patients who started
rosiglitazone <1 year before [42].

Collectively though, our results suggest a pioglitazone-
specific risk rather than a thiazolidinedione class effect,
which may aid researchers investigating pioglitazone
bladder carcinogenicity. Interestingly, whereas rosiglita-
zone is a specific PPARy agonist, pioglitazone possesses
partial PPARo. as well as PPARY agonism at therapeutic
levels, imparting a pharmacological profile analogous to
the dual PPARo/y ‘glitazar’ compounds [11]. No glitazar
has been approved for clinical use and several, notably
including muraglitazar, were shown to induce rat uro-
thelial bladder cancer in laboratory studies [6]. However,
whilst muraglitazar-induced rat bladder carcinogenesis
was ascribed to the seemingly rat-specific ‘crystalluria’
mechanism, other glitazars (e.g. aleglitazar) have not been
associated with rodent bladder tumours [3] and, similar to
pioglitazone, a bladder carcinogenic effect has been
reported in rats administered naveglitazar without uro-
lithiasis as an inciting event [58, 59]. Therefore, although
the dual PPARo/y receptor agonism of pioglitazone may
be contributory, the underlying mechanism of pio-
glitazone bladder carcinogenicity in humans is likely to be
more complex.

Strengths and limitations

This study has some strengths. Although other meta-
analyses have been published [20-22] (with only one
featuring rosiglitazone [20]), to the best of the authors’
knowledge this study represents the largest, most up-to-
date and most comprehensive meta-analysis under-
taken into the risk of bladder cancer associated with
thiazolidinediones. This study incorporated a greater
number of RCTs and observational studies, uniquely
performed meta-analyses for both individual thiazo-
lidinediones using pooled RCT and pooled observational
study populations separately and stands out in providing a
meta-analysis for pioglitazone using only pooled RCT data
and for rosiglitazone using only pooled observational
data. We uniquely carried out meta-analysis on the risk of
bladder cancer associated with increasing cumulative
durations of rosiglitazone therapy and, importantly, in all
of our pioglitazone dose/duration meta-analyses, we
tested for statistical differences between subgroups. This
study is also original in conducting both sensitivity meta-
analyses to address the potential confounding influence
of smoking and a meta-analysis that directly compared
pioglitazone with rosiglitazone use. Furthermore, the

270 / 78:2 / Br] Clin Pharmacol

other studies included only one pioglitazone RCT [33], but
unlike the present study, did not assimilate its updated
bladder cancer safety data mentioned in a review of the
study by the original authors [34], which importantly
changed the study’s association between pioglitazone
and bladder cancer to statistically significant (estimated RR
2.83,95% Cl 1.02-7.85) [60, 61].

There are limitations to the present study. At the level
of the individual observational studies, different combi-
nations of confounders were measured and no single
study took account of all known bladder cancer risk
factors [62]. At review level, firstly there is potential dupli-
cation of some participants where different included
observational studies have used the same electronic
database and overlapping follow-up periods (specifically,
the UK General Practice Research Database [45, 46]
and the Taiwanese National Health Insurance databases
[44, 47, 50, 51]). However, the exact dates of these
studies, their study designs, methods of participant selec-
tion and thiazolidinedione drug selection all varied
(Table 2 and Supporting Information S2) and, with no
evidence of complete overlap in populations, we consid-
ered it appropriate for these studies to contribute to
the pooled results. Secondly, the heterogeneity of the
observational study methodology entailed that for the
pioglitazone cumulative dose and the rosiglitazone
cumulative duration meta-analyses, not every study that
provided results could be pooled, although we did still
consider these incompatible results qualitatively. Finally,
the systematic lack of an upper limit for the largest dose
and duration categories prohibited a meaningful regres-
sion analysis.

Conclusion

The overall finding from this study is a small but signifi-
cant association between adult pioglitazone use and
bladder cancer. The risk of bladder cancer increases
with both increasing cumulative dose and duration of
pioglitazone exposure. No clear association between
‘ever’ use of rosiglitazone and bladder cancer was identi-
fied. There is limited and inconsistent evidence on any
relationship between bladder cancer risk and cumula-
tive duration of rosiglitazone exposure, although the
possibility of an increased risk with longer durations
cannot be excluded and, ideally, further investigations
are warranted.

We consider that the appropriate application of our
results relating to pioglitazone is to provide updated
detailed information on the risk-benefit profile for
those patients still eligible under the current regulatory
guidance to receive pioglitazone therapy [16, 17], particu-
larly with regard to the potential risks of greater dose and
duration of use. It would be prudent to avoid longer-term
use of pioglitazone given that alternative oral antidiabetic
medications are available.
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