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Abstract Pioglitazone, a peroxisome proliferator-acti-
vated receptors (PPAR) agonist, has been authorized for
the management of type 2 diabetes since 1999 in the US
and since 2000 in Europe. Since then, the risk of bladder
cancer associated with pioglitazone use has been a serious
concern. Following a warning from the Agence Francaise
de Sécurité Sanitaire des Produits de Santé (Afssaps) [the
French Agency for the Safety of Health Products], use of
pioglitazone was suspended in France and Germany in June
2011. Elsewhere, restrictions on prescriptions were
implemented, though for both the European Medicines
Agency and the US Food and Drug Administration, the
risk-benefit ratio remains favourable. Since the develop-
ment of pioglitazone, its risk assessment has suffered from
several inaccuracies such as its alleged specificity for the
male rat, untrustworthy selective agonism for PPARy and
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mistaken risk evaluation in the large PROactive trial
(PROspective pioglitAzone Clinical Trial In macroVascu-
lar Events), where one case with a benign tumour in the
placebo group was counted as a cancer case. It took until
2011 for the epidemiological data to be sufficiently
numerous and conclusive to initiate application of safety
measures. Today, the increased risk of bladder cancer
associated with pioglitazone seems to be real, but the
absolute risk is relatively low. However, in the context of
weak efficacy in an extensive population of patients
exposed to pioglitazone, the risk-benefit balance is now
difficult to assess, and prescription restrictions do not
ensure safety. For future risk management, the authors
propose several suggestions, which involve an increasing
role of health authorities and academic organizations.

1 Background

Since the 1990s, peroxisome proliferator-activated recep-
tors (PPARs) have been thought to play an important role
in metabolic diseases such as obesity, insulin resistance and
coronary artery disease. Three subtypes of PPAR nuclear
receptors have been described: PPARo, PPARS/B and
PPARY. PPARu is found in the liver, muscle, kidney and
heart. Its role is to increase free fatty-acid oxidation, to
regulate lipoprotein concentrations and to provide anti-
inflammatory effects. Fibrates belong to the class of
PPAR« agonists. PPARS/P is expressed in many tissues but
markedly in the brain, adipose tissue and skin. PPARY has
high expression in fat and low expression in the liver and
muscle tissue. Thiazolidinediones (TZD), also called
‘glitazones’, are said to be synthetic ligands of PPARY. By
activating a number of genes in tissues, PPARY agonists
increase glucose and lipid uptake, increase glucose
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oxidation, decrease free fatty-acid concentrations and
decrease insulin resistance [1]. Three glitazones have been
marketed for the management of type 2 diabetes mellitus:
troglitazone, rosiglitazone and pioglitazone. The first to be
marketed, troglitazone, was withdrawn in 2000 for hepa-
totoxicity [2]. Rosiglitazone, authorized in 2000, was also
withdrawn from the European market in 2010 following
evidence of an association with an increased cardiovascular
risk in diabetic patients [3]. Pioglitazone has been autho-
rized for type 2 diabetes since 1999 in the US [4] and since
2000 in Europe [5]. In 2011, worldwide exposure to
pioglitazone was estimated at more than 20 million patient-
years [6].

In developed countries, bladder cancer is the eighth
most frequent cancer (4.1 % of all cancers), with an age-
standardized incidence of 9.1 per 100,000 persons per year
[7]. Risk factors for bladder cancer include white ethnicity,
male gender, age, a personal or family history of bladder
cancer, cigarette smoking, bladder birth defects, occupa-
tional exposure to aromatic amines and polycyclic aromatic
hydrocarbons, drugs (e.g. cyclophosphamide), urinary
schistosomiasis or pelvic radiation therapy (effects of low
fluid consumption, common urinary tract infections or
lithiasis have also been suggested as risk factors but are
still controversial).

In 2011, regulatory decisions were taken with respect to
the potential risk of bladder cancer associated with piog-
litazone use. Following a warning from the Agence
Francaise de Sécurité Sanitaire des Produits de Santé
(Afssaps) [the French Agency for the Safety of Health
Products], use of pioglitazone was suspended in France and
Germany in June 2011 [8, 9]. The product information and
prescribing conditions have been updated in the US and in
Europe in order to take into account this potential associ-
ation, though for both the European Medicines Agency
(EMA) and the US Food and Drug Administration (FDA),
the risk-benefit ratio remains favourable. Recently pub-
lished data have made it possible to draw reliable conclu-
sions regarding the existence of the bladder cancer risk
associated with pioglitazone use. In order to draw lessons
from this controversy, this article reviews the available
scientific evidence, from preclinical studies to post-mar-
keting pharmacoepidemiological studies, and discusses the
regulatory management of this risk.

2 Biologic Plausibility

2.1 Bladder Cancer in Rats and the Crystalluria
Hypothesis

The initial label information for pioglitazone stated that
preclinical studies had reported the occurrence of bladder
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cancer in male rats treated with pioglitazone at a dose
equivalent to the recommended human oral dose [10]. In
2005, a review of a 2-year rodent carcinogenicity study of
11 PPAR agonists, including pioglitazone, determined that
these compounds were multi-species, multi-sex and multi-
site carcinogens [11, 12]. The tumour types that were
observed included transitional cell carcinomas of the uro-
thelium in rats of all strains. Regarding pioglitazone, the
rationale involved the acidic urinary environment of rats,
which predisposed them to formation of urinary micro-
crystals, causing chronic irritation of the bladder. This
so-called ‘crystalluria hypothesis’ explained the occurrence
of tumours secondary to mucosal irritation caused by uri-
nary microcrystals in the ventral part of the bladder. Such a
phenomenon was considered specific to rats and unlikely to
be transferable to humans [13-16]. To our knowledge, the
presence of urothelial calculi in patients participating in
subsequent clinical trials was not extensively explored and/
or not reported.

Later, conflicting evidence emerged. In 2008, Long et al.
[17] concluded that urolithiasis was not an inciting event
for urothelial carcinogenesis in the urinary bladders of rats
treated with naveglitazar, an in vitro y-dominant PPARa/y
agonist. In 2011, Sato et al. showed that, while an acid-
forming diet reduced both the amount of calculi and the
numbers of bladder cancers in male rats, the diet did not
reduce the incidence of hyperplasia in animals treated with
pioglitazone for up to 2 years [6, 18]. Contradicting the
‘crystalluria hypothesis’, the hyperplastic response in the
urinary bladder of the rat was not necessarily associated
with microcrystal formation. These data suggested that
occurrence of bladder cancer may not be specific to the
urinary environment in rats and, thus, that a risk for
humans could not be brushed aside.

2.2 In Vitro Antitumor Effects?

Numerous in vitro studies have supported the hypothesis of
antitumor activities of PPARYy agonists, such as growth
inhibition, induction of apoptosis and a modulatory effect
on the proliferation/differentiation balance in urothelial
cells [15, 19-23]. These positive results were inconsistent
with observations made in animals (and further in humans)
and may consequently illustrate a complex mechanism,
which is difficult to elucidate [16]. For instance, it was
shown that the potential antiproliferative effect of pioglit-
azone was smaller than that of an endogenous ligand of
PPARY (15d-PGJ2) or troglitazone (a specific PPARYy
agonist) [20]. Furthermore, the positive expression of a
differentiation factor for urothelial carcinoma (A-FABP)
inversely correlated with pioglitazone concentrations,
while those of rosiglitazone and 15d-PGJ2 remained stable
[24]. In these in vitro studies, the suspected
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antiproliferative (pro-apoptotic) effect was, rather, descri-
bed as only being effective at a low grade of differentia-
tion, at high concentration [20, 25, 26] and through a
mechanism independent of PPARYy agonism [19, 27].

2.3 Promoter and/or Inductor Effect?

Occurrence of bladder cancer in animals with no a priori
preclinical lesions nor exposure to additional specific risk
factors suggests a mechanism of tumoral induction by the
studied drug. This is a strong argument for a causative role
of pioglitazone. Another argument for the inductor effect is
that pioglitazone may induce chromosomal and oxidative
DNA damage by generating reactive oxygen species,
which can be inhibited by vitamin B, [28]. However, a
promoter effect can also be evoked for PPAR agonists
when interaction with other known risk factors leads to
potentiation of tumorigenic effects. Several studies have
suggested that diabetes can be considered an independent
risk factor for bladder cancer [29-31]. Thus, occurrence of
bladder cancer within a relatively short period of exposure
to pioglitazone in diabetic patients (see the sections on
clinical trials and epidemiological studies) could be
explained by potentiation with the diabetic condition itself.
Other risk factors could also be involved; Lubet et al. [32]
showed that the incidence of bladder cancer in rats exposed
to hydroxybutyl(butyl)nitrosamine (a urinary bladder-spe-
cific carcinogen) was significantly doubled when rosiglit-
azone was added at a dose equivalent to a standard human
dose. Another study demonstrated that mice exposed to
cigarette smoke for 6 months associated with a high dose
of pioglitazone showed enhanced urothelial tumorogenicity
as compared with mice that were only exposed to cigarette
smoke [33]. Potentiation was also observed with pioglit-
azone in a murine model of non-small cell lung cancer in
mice: cancer progression and metastasis were promoted
[34]. These examples are in favour of a promoter effect,
PPARY agonists accelerating a tumorigenic process that
has already been initiated but is still asymptomatic. Thus,
in clinical trials and epidemiological studies, it is important
to detect and consider all of the bladder cancer cases that
have occurred, even with short durations of exposure.
Moreover, another main pharmacological mechanism
remains unexplored: the potential role of pioglitazone
metabolites. Active metabolites (such as M-III and M-IV)
show equal or greater pharmacological action than piog-
litazone (up to threefold) with a longer plasma elimination
half-life (three- to fourfold) [35]. Pioglitazone is princi-
pally metabolized by cytochrome P450 2C8, and by other
isoforms to a lesser degree. Enzymatic inductors, such as
rifampicin, increase the level of these metabolites and may
cause their accumulation in urine [35, 36]. We can also
question the role of tobacco, which is a well-known

enzymatic inductor. Unfortunately, during development,
the search for potentially deleterious effects of pioglitazone
metabolites was poorly investigated.

2.4 Pioglitazone: a Glitazar More Than a Glitazone

Pioglitazone has always been described as a selective
PPARY agonist. In order to improve both glucose and lipid
metabolic parameters, dual PPARo/y agonists were
developed; these compounds were named ‘glitazars’.
However, glitazars, such as muraglitazar, have been shown
to dose-dependently increase the incidence of bladder
tumours in male rats [14]. Between 2004 and 2006, use of
all dual PPARo/y agonists was discontinued because of
safety concerns, including the occurrence of bladder
tumours in rodents [37]. After careful consideration of
pharmacodynamic data published after marketing, pioglit-
azone cannot be considered a selective PPARY agonist but
in fact exhibits a pharmacological profile comparable to
that of glitazars: a dual PPARo/y activity at concentrations
corresponding to human use [38]. Therefore, it may not be
surprising that pioglitazone and some glitazars share the
same urothelial toxicity.

3 Clinical Trials
3.1 Uncertain Effectiveness of Pioglitazone

During development, reductions in haemoglobin A;,
(HbA,,) levels were demonstrated in patients exposed to
pioglitazone, but its long-term cardiovascular effectiveness
was unknown. The PROspective PioglitAzone Clinical
Trial In MacroVascular Events (PROactive) was conducted
to assess the cardiovascular benefit of pioglitazone com-
pared with placebo in 5,238 diabetic patients with exten-
sive macrovascular disease [39]. Results published in 2005
indicated that, during a mean follow-up of 34.5 months, a
significant 0.5 % decrease in HbA ;. was shown in favour
of pioglitazone. However, the authors did not observe a
statistically significant reduction in the primary composite
endpoint, which included all-cause mortality, non-fatal
myocardial infarction, stroke, acute coronary syndrome,
endovascular or surgical intervention in coronary or leg
arteries, and amputation above the ankle (hazard ratio
[HR] 0.90, 95 % confidence interval [CI] 0.80-1.02,
p = 0.095). They reported a significant reduction in the
secondary composite endpoint of death, myocardial
infarction or stroke (HR 0.84, 95 % CI 0.72-0.98,
p = 0.027), a result on which they based their conclusions.
It is worth noting that this secondary endpoint was not
clearly predefined in the publication of the trial protocol
[40]. To defend themselves from post hoc analysis, authors

A\ Adis



696

J.-L. Faillie et al.

explained later that this endpoint had been devised during
the trial but before data analysis [41]. Despite this state-
ment by the authors, several points limit the evidence
resulting from this trial: (i) the trial conclusions were
drawn from the results of secondary outcomes; (ii) the trial
was placebo controlled and not tested against a reference
drug; (iii) the trial included patients with prior evidence of
a high cardiovascular risk (this is not a priori representative
of pioglitazone-treated patients in real life); and (iv) a
significantly increased risk of heart failure was observed
in the pioglitazone group [39]. Later, a meta-analysis
of randomized controlled trials focusing on cardiovascu-
lar events associated with pioglitazone was conducted:
99 trials were selected [42]. Among them, 10 were
>12 months in duration and two were >24 months in
duration. In total, 16,390 patients were included. Twenty
eligible trials (totalling 3,014 patients) not sponsored by the
manufacturer were not included in the analysis. A com-
posite endpoint including death, myocardial infarction or
stroke was significantly decreased by 18 % in the group of
patients receiving pioglitazone. The incidence of serious
heart failure was significantly higher in the pioglitazone
group (+41 %), and a broader definition of cardiovascular
risk combining death, myocardial infarction, stroke and
serious heart failure did not show any cardiovascular
benefit for pioglitazone (HR 0.96, 95 % CI 0.85-1.09,
p = 0.54). In 2008, another meta-analysis included 24
randomized trials (excluding PROactive), enrolling 11,268
patients in the pioglitazone group and 9,912 patients in the
comparator group. Unfortunately, only summary data
without time-to-event information were taken into account,
and many of the studies did not have specific cardiovas-
cular endpoints. All-cause mortality was lower in the
pioglitazone group (odds ratio [OR] 0.30, 95 % CI
0.14-0.63) but not non-fatal coronary events. The increase
in non-fatal heart failure was not statistically significant
(OR 1.38, 95 % CI 0.90-2.12). The authors concluded that
pioglitazone does not appear to be harmful in terms of
cardiovascular events and all-cause mortality [43]. All of
these data, taken as a whole, suggest that the clinical effi-
cacy of pioglitazone in reducing cardiovascular events has
not been clearly demonstrated, since the methodologies
that were used can be criticized.

3.2 Assessment of Bladder Cancer Risk in Clinical
Trials

Premarketing clinical trials were often too short, with
insufficient sample sizes, and were not specifically
designed to measure the occurrence of bladder cancer. In
the first report of the PROactive trial, 14/2,605 cases
(0.5 %) of bladder neoplasms were reported in the piog-
litazone group versus 6/2,633 (0.2 %) in the placebo group;
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this difference did not reach statistical significance
(» = 0.069) [39]. An overview of the PROactive data
published in 2009 revealed that one case in the placebo
group actually exhibited benign histology. Unfortunately,
no new estimation of risk was reported at that time [44].
Taking into account only five cancers in the placebo group,
the overall incidence was statistically lesser than that in the
pioglitazone group: 0.19 % (n=15) versus 0.54 %
(n = 14), respectively (p = 0.040) [45]. The recalculated
crude risk ratio (RR) for bladder cancer was 2.83 (95 % CI
1.02-7.85). The authors of the PROactive study explained
that after a blinded review of bladder cancer cases, which
eliminated the cases who were reported within 1 year of
randomization or who showed known risk factors for
bladder cancer, only two cases in the pioglitazone group
and one in the placebo group were left. The Data and
Safety Monitoring Committee concluded that these num-
bers were too small to consider bladder cancer a safety
issue [44]. An extended study was planned to monitor
PROactive patients over a longer period (up to 10 years).
The results have not been published to date, but interim
reports were submitted to the EMA by the manufacturer: a
pooled analysis of data from the double-blinded period and
the 6-year observational period showed that, overall,
bladder cancer was reported in 25 subjects (0.9 %) who
received pioglitazone and 20 subjects (0.8 %) who were
never exposed to pioglitazone (HR 0.98, 95 % CI 0.6-1.8)
[6]. In two other 72-week, double-blinded, randomized,
multicenter trials conducted between 2003 and 2006, the
incidence of bladder neoplasms was not reported [46, 47].

4 Observational Studies
4.1 Analysis of Spontaneous Reports

In a review of cases based on spontaneous reports within
the manufacturer’s global database, 68 cases of bladder
cancer associated with pioglitazone were found for the
period 31 July 1999 to 15 March 2011 [6]. After elimina-
tion of cases with confounding factors, there were 13 cases
left. Fourteen additional cases (including one patient who
died as a result of cerebral metastasis) were found in the
EudraVigilance database from 16 March 2011 to 24 May
2011, which leads to 82 cases in total.

In June 2011, in an independent case/non-case analysis
from the FDA Adverse Event Reporting System (AERS)
database, Piccinni et al. [48] found 31 cases associated with
pioglitazone between the years 2004 and 2009; the
reporting odds ratio (ROR) was 4.30 (95 % CI 2.82-6.52).
ROR measures the disproportionality of reporting in
pharmacovigilance databases; although it cannot fully be
interpreted as a RR, these findings supported a significant
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risk of bladder cancer associated with pioglitazone. How-
ever, analysis of adverse event reporting databases is
always susceptible to reporting bias due to important
under-reporting. Conversely, over-reporting can be
observed as a result of media or notoriety bias. In order to
take this phenomenon into account, the authors performed
a year-by-year analysis and found a significant relationship
as early as 2004 (ROR 4.77, 95 % CI 1.30-15.88), i.e.
before the first PROactive publication [48].

4.2 Studies Using Large Medical Databases

Table 1 presents the design and characteristics of the
principal observational studies focusing on the bladder
cancer risk associated with pioglitazone use. The results
and comments are shown in Table 2.

4.3 Inherent Limits of Observational Studies

Observational studies that evaluate the risk of bladder
cancer associated with pioglitazone use are susceptible to
numerous biases, which can potentially limit the inter-
pretation of their results. Firstly (as can also be criticized
with regard to randomized controlled trials), the duration
of follow-up in the available observational studies could
be often too short to detect the occurrence of cancer—
specifically, induced cancer. For the study of promoted
cancer, shorter durations of follow-up may be sufficient.
Secondly, even if some studies use very large medical
databases, analysis of rare events (which is the case here)
sometimes cannot involve enough cases to provide suffi-
cient statistical power. Thirdly, it seems that patients with
type 2 diabetes show an increased risk of bladder cancer
[29-31] and that this risk increases with the duration of
diabetes [30]. Consequently, observational studies have to
deal with the risk of errors related to the potential dif-
ference in the severity of diabetes between patients
exposed to pioglitazone and other diabetic patients. As
pioglitazone is often prescribed as a second-line therapy,
indication bias represents a major issue, which can par-
tially be taken into account in adjustment of the results for
the duration of diabetes or the duration of therapy. For the
same reason, it is important that these studies include
elderly patients. Fourthly, changes in pharmacotherapy
over time can be frequent in patients with type 2 diabetes;
these changes cannot always be considered or may require
complex analyses that limit interpretation. In addition,
information bias is often difficult to rule out: in numerous
observational studies, prescription of glucose-lowering
agents has been used as a proxy for the definition of
diabetes. Drug use is also defined by prescriptions written
by practitioners or dispensed in pharmacies. Thus, it is
difficult to know whether these prescriptions correspond to

actual exposure. Bladder cancer occurrence mentioned in
health insurance databases, hospital discharge diagnosis
records or primary care medical records are also subject to
potentially substantial information bias, as cancer might
not be completely validated. Finally, information on sig-
nificant risk factors for bladder cancer (such as cigarette
smoking, race/ethnicity, or a history of urinary tract dis-
eases) is sometimes missing, and information on some
other risk factors (such as occupational or environmental
exposure to carcinogenic chemicals) is rarely available. As
a result, potential confounders sometimes cannot be
adjusted for, resulting in a biased estimation of the asso-
ciated risk.

5 Systematic Reviews and Meta-Analyses

In the study of rare events, meta-analyses are a useful way
to increase statistical power by pooling risk estimations
from different studies. However, one should keep in mind
that study biases are reflected in meta-analysis results, and
that a better level of evidence is reached when meta-
analyses include randomized controlled trials rather than
observational studies.

In December 2011, revaluation of pioglitazone by the
EMA revealed the results of an unpublished meta-analysis
conducted by the manufacturer, using its clinical trial
database. Thirty-six trials were included, involving 22,000
patients (the PROactive study was analyzed separately).
The study duration was less than 1 year for 24 studies,
between 1 and 2 years for six studies, and more than
2 years for six studies. Including all cases of bladder can-
cer, even those that happened within 1 year of treatment,
there were 19 cases in the pioglitazone group (0.15 %)
versus 7 in the comparator group (0.07 %), resulting in an
HR of 2.64 (95 % CI 1.11-6.31, p = 0.029). This risk was
not significant when cases occurring within the first year of
treatment were excluded [6]. In June and July 2012, two
systematic reviews of published studies regarding the
association between pioglitazone therapy and bladder
cancer were published. At the time of their implementation,
publications from the UK General Practice Research
Database (GPRD) [49, 50] and The Health Improvement
Network (THIN) [51] were not available. The first meta-
analysis by Zhu et al. included a clinical trial and obser-
vational studies together [52]. Five studies were selected:
the PROactive randomized trial [39], the Kaiser Perma-
nente Northern California (KPNC) study by Lewis et al.
[53], the French study by Neumann et al. [54] and two
Taiwanese studies [55, 56], including 2,350,908 diabetic
patients in total. The overall pooled RR was 1.17 (95 % CI
1.03-1.32). The RR for a cumulative treatment duration
of >24 months and a cumulative dose of >28,000 mg were
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1.38 (95 % CI 1.12-1.70) and 1.58 (95 % CI 1.12-2.06),
respectively. It is worth noting that the numbers of cases
from the PROactive study that were taken into account in
this review were incorrect (14 as opposed to 5). The second
meta-analysis, conducted by Colmers et al., studied the risk
of bladder cancer associated with both pioglitazone and
rosiglitazone [57]. Three cohort studies were selected for
the pioglitazone meta-analysis: Lewis et al. [53], Neumann
et al. [54] and Tseng [56]. The risk of bladder cancer was
significantly increased with use of pioglitazone (pooled
RR 1.22, 95 % CI 1.07-1.39). In contrast, the specific
meta-analysis of rosiglitazone did not show any significant
association with bladder cancer. The principal investigator
of this study, cited in a subsequent comment, stated that a
re-run of the meta-analysis of the bladder cancer risk with
pioglitazone use, including the GPRD nested case—control
study by Azoulay et al. [49], found a pooled RR increase
from 1.22 to 1.26 [58]. In January 2013, two other meta-
analyses found a similar overall risk for pioglitazone: the
RR was 1.20 (95 % CI 1.07-1.34) according to Bosetti
et al., who included six observational studies in their meta-
analysis [59], and the HR was 1.23 (95 % CI 1.09-1.39)
according to Ferwana et al., who included six observational
or experimental studies in their meta-analysis [60].

6 Regulatory Management of the Bladder Cancer Risk

At the time of the first authorization of pioglitazone in the
US, a key point for risk management was the information
and recommendations included in the drug label regarding
the occurrence of bladder cancer in male rats in preclinical
studies. In 1999, the label information stated that “Benign
and/or malignant transitional cell neoplasms were observed
in male rats at 4 mg/kg/day and above (approximately
equal to the maximum recommended human oral dose
based on mg/m?). The relationship of these findings in male
rats to humans is unclear” [10]. It is worth noting that this
last sentence was anecdotally removed during a label
revision in June 2003. In 2000, for European authorization,
data on animal carcinogenesis were also added to the
‘Preclinical Safety’ section of the Summary of Product
Characteristics. In both cases, no recommendation for
prescribers has been made, especially with regard to the
selection and monitoring of patients potentially at risk.

At that time, regulators asked for implementation of a
post-marketing surveillance study to monitor treated
patients [6], and the KPNC cohort study was planned to
start in 2003 and continue for a duration of 10 years. Since
then, and during the following decade, minor changes have
appeared in the product information, but no regulatory
decision or recommendations were clearly stated.

A\ Adis

In July 2004, the following sentence was added to the
FDA label precautions section: “Urinary tract tumors have
been reported in rodents taking experimental drugs with
dual PPARa/y activity; however, Actos is a selective
agonist for PPARY.” [61] This last statement was inap-
propriate, as the pharmacological profile of pioglitazone
appears to be comparable to that of the dual PPARo/y
agonists [38]. This part was removed from the drug label in
August 2006.

In September 2009, under a requirement of the FDA, a
Risk Evaluation and Mitigation Strategy (REMS) was
implemented for pioglitazone products in the USA. A
medication guide was dispensed with each prescription,
noting that “bladder cancer occurred in a few more people
who were taking pioglitazone than in people who were
taking other diabetes medicines. There were too few cases
to know if the bladder cancer was related to pioglitazone”
[62].

In September 2010, after the publication of the third
interim analysis of the KPNC cohort study (from 2003 to
2008), the FDA issued an alert on its website mentioning a
“potential increased risk of bladder cancer after two years
exposure. At this time FDA has not concluded that Actos
increases the risk of bladder cancer. Its review is ongoing”
[63].

In April 2011, the European Commission asked the
EMA Committee for Medicinal Products for Human Use
(CHMP) to assess the impact of the available information
on the risk-benefit balance for pioglitazone products. In
June 2011, following the results of the retrospective cohort
study from the Systeme National d’Information Inter-
régimes de 1’Assurance Maladie (SNIIRAM) [the French
National Health Insurance Information System], Afssaps
decided to suspend use of medications containing pioglit-
azone in France [8]. Soon after, the Federal Institute for
Drugs and Medical Devices of Germany (BfArM) con-
firmed similar action [9].

In July 2011, the CHMP confirmed the existence of a
small increased risk of bladder cancer associated with the
use of pioglitazone but “could not identify any of the
currently approved indications, where the benefits would
specifically no longer outweigh the risks” [6]. The CHMP
recommended that the following restrictions of use be
added to the product information in order to ensure that the
risk-benefit of pioglitazone remains positive:

— The adequacy of the response to treatment (e.g.
reduction in HbA;.) should be reviewed 3-6 months
after initiation of therapy, and pioglitazone should be
discontinued failing adequate response.

— Physicians should start treatment with the lowest
available dose.
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June: Case/non
case study from
the FDA Adverse
Event Reporting

In preclinical
studies,
occurrence of
bladder cancers

June: “Urinary March: Two-year
tract tumors have rodent

been reported in carcinogenicity
rodents taking study: PPAR

in male rats experimental agonists claimed System: 31 cases
treated with drugs with dual to be associated with
pioglitazone. (1 PPAR o/y activity; multispecies, pioglitazone,
Mechanistic however, Actos is multistrain, Reporting OR 4.3
hypothesis a selective multisex and (95%Cl: 2.8-
involving agonist for PPAR multisite 6.5).1481
pioglitazone- 7.”added to FDA carcinogens.'l
induced label.[61 September:
urolithiasis October: Interim analysis
specific to rats.[13] Development of PROactive of the KPNC

dual PPAR o/y randomized cohort study
Pioglitazone first agonists clinical trial, (2003-2008),
authorization by (glitazars) is pioglitazone vs. exposure >24
FDA in June progressively placebo: 14 months HR 1.4
1999 and by EMA discontinued.3” cases of bladder (95%Cl: 1.03-
in October 2000. cancer vs. 6 2.0).158
Label information Cf. note (b) (p=0-069).139

included results FDA website:
from Cf. note (c) “Potential
carcinogenicity increased risk of
studies but no bladder cancer
specific warning after two years
for patient exposure (...) At
selection and this time FDA has
monitoring.!10 not concluded
that Actos
Cf. note (a) increases the risk
of bladder

cancer. lts review
is ongoing.” 631

EMA confirmed
the existence of a
small increased
risk although
benefit-risk
balance was
judged positive.
Restrictions of
use and risk
minimization

Numerous
pharmaco-
epidemiological
studies and meta-
analysis with
varying results.

Retrospective
cohort from the
French health
insurance
database: overall
HR 1.22 (95%Cl:
1.05-1.43),
exposure >24
months HR 1.34
(95%Cl: 1.04-

Actos Summary of
Product
Characteristics for
EU updated with
EMA recommen-
dations. (38!

Patent for Actos
expired: EMA and
FDA authorized

Disclosure of
meta-analysis from
Takeda clinical trial

1.79).54 measures were database: several generic
recommended.(®! 19 cases in the pioglitazone-

Suspension of pioglitazone group containing

pioglitazone Warning added to (0.15%) vs. 7 in products.

products in Actos FDA Label the comparator

France and Information: “Do group (0.07%), HR

not use in
patients with
active bladder
cancer. Use
caution when
using in patients
with a prior
history of bladder
cancer.” 166l

Germany before
the results of
EMA benefit-risk
assessment.[9

2.64 (95%Cl: 1.11-
6.31, p=0.029).51

(a) In March 2011, specificity to rat will be contradicted in an animal study: acid-forming diet did not reduce the incidence of hyperplasia associated with pioglitazone.8!
(b) In March 2012, it was reported that pioglitazone pharmacological profile was comparable to that of the PPAR o/y agonists. 28
(c) In October 2011, recalculated RR with the true number (5) in the placebo group was 2.83 (95%Cl: 1.02-7.85, p=0.040).145]

Cl: Confidence Interval; EMA: European Medicines Agency; EU: European Union; FDA: US Food and Drug Administration; HR: Hazard Ratio; OR: Odds Ratio; PPAR: Peroxisome Proliferator-

Activated Receptors; RR: Risk Ratio.

Fig. 1 Timeline for main scientific information and regulatory actions about pioglitazone and bladder cancers

— Use of pioglitazone is contraindicated in patients with
current bladder cancer, a history of bladder cancer or
uninvestigated macroscopic haematuria.

— Macroscopic haematuria should be investigated before
starting pioglitazone therapy.

— Patients should promptly report macroscopic haemat-
uria or other symptoms such as dysuria or urinary
urgency.

— Combined use of pioglitazone with insulin should be
considered with caution in elderly patients.

— The risk of bladder cancer has been added to the table
of adverse reactions, under the header “Neoplasms
benign, malignant and unspecified (including cysts and
polyps)” with the frequency “uncommon” being listed
for all indications [6].

In addition, risk minimization measures such as educa-
tional materials, a prescriber guide, a ‘Dear Healthcare
Professional Communication’ letter and an update of the
risk management plan were implemented. The CHMP also
concluded that “systematic bladder cancer screening for
monitoring purposes was considered as unrealistic”.
Finally, further analyses, including a pan-European epide-
miological study, were requested by the CHMP [6].

These conclusions were made public in July 2011 and,
on its website, the EMA has recommended “new contra-
indications and warnings for pioglitazone to reduce small

increased risk of bladder cancer” [64] but has stated that its
“positive benefit-risk balance is confirmed as second and
third line treatment” [65].

In July 2011, the following warning was added to the
pioglitazone US label information: “Preclinical and clini-
cal trial data, and results from an observational study
suggest an increased risk of bladder cancer in pioglitazone
users. The observational data further suggest that the risk
increases with duration of use. Do not use in patients with
active bladder cancer. Use caution when using in patients
with a prior history of bladder cancer” [66].

In December 2011, the Actos Summary of Product
Characteristics for the EU was updated with the CHMP
recommendations [35].

Figure 1 presents a summary timeline of the scientific
evidence and regulatory management.

7 Comments and Perspectives

The burden of type 2 diabetes mellitus is massive and still
growing, and diabetic patients are expected to number 30
million by 2030 [67]. In 2011, sales for Actos totalled $3.4
billion in the USA [68]. The patent for Actos expired in
2012, and numerous generic products are entering the
market. Whatever the fate of pioglitazone will be in the
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future, we can point to several comments about different
aspects of this matter.

7.1 Should Pioglitazone Have Been Licensed
in the First Place?

In terms of benefit for patients, we can legitimately ques-
tion whether authorization of pioglitazone was worth it
after all. In 1999, we knew from the premarketing data that
pioglitazone showed a mild reduction in HbA . and, except
for frequent fluid retention, it had a relatively acceptable
tolerance profile. Pioglitazone was authorized on the
assumption that results from a surrogate endpoint such as
HbA,., compared with placebo, would transform into
benefits in terms of cardiovascular morbidity and mortality.
It appears that this assumption was wrong. No evidence has
proven that tight HbA . control really reduces the risk of
death from a cardiovascular event [69]. More than 10 years
after its initial marketing, no well-designed long-term study
has yet strictly confirmed the real benefit of pioglitazone in
reducing the incidence of cardiovascular disease. It is
another example of the well known—but unfortunately
often forgotten—difference in drug evaluation between
clinically significant endpoints, such as morbidity/mortality
or quality-of-life, and surrogate biological endpoints, such
as HbA,..

7.2 A Modest But Critical Risk of Bladder Cancer

It would be neither ethical nor practical to implement a
randomized control trial to definitively answer the question
regarding the risk of bladder cancer. Although some stud-
ies, such as the study by Azoulay et al. [49], have achieved
optimal standards, it is obvious that no observational study
would equal the level of proof provided by a randomized
controlled trial. However, evidence can be provided by the
combination of different data from different fields and
different study designs, so the increased risk of bladder
cancer associated with pioglitazone seems real to us. The
observational studies analyzed in this article indicate that
the basal risk of bladder cancer in diabetic patients is
estimated at 50-100/100,000 person-years, which corre-
sponds to less than 1 case per 1,000 patients per year. Risk
estimates for pioglitazone do not seem, at first glance, to
represent a significant impact in terms of public health.
Moreover, the majority of cases associated with pioglit-
azone use have showed low-grade lesions [6]. However,
this risk must not be overlooked. Firstly, the dramatic
increase in the prevalence of diabetes over the last 25 years
and its projection into the future suggest that a small risk of
serious adverse events associated with a popular ‘block-
buster’ will consequently affect an extensive population of
patients. Given the worldwide exposure to pioglitazone,
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which is estimated to exceed 20 million patient-years in
2011 [6], the risk ratio, which ranges from 1.2 to 2.6
(according to the overall effects found in meta-analyses)
could hypothetically represent approximately 2,000-
18,000 additional bladder cancer cases. Secondly—not-
withstanding an a priori low lethality—bladder cancer still
represents a consequent deterioration of the quality of life
of affected patients. Finally, this risk seems mainly
avoidable without a great loss of opportunity for patients
and society. Indeed, the real benefit of pioglitazone in
reducing cardiovascular disease or total mortality has not
been proven; its real cost effectiveness has not been com-
paratively assessed; and alternative glucose-lowering drugs
are available.

7.3 Lost Opportunities for Risk Management

It seems clear that before the authorization of pioglitazone,
premarketing data raised doubt about the risk of bladder
cancer associated with the drug. Even if the bladder cancers
that occurred in male rats treated with pioglitazone were
claimed at that time to be specific to rats, a strict precau-
tionary approach would have led to a delay in authorization
until in-depth evaluation of this risk had been performed. A
less strict approach could have been to at least advise pre-
scribers to closely monitor their patients, with this potential
risk in mind. None of these approaches were chosen. In
2005, by excluding the benign tumour that occurred in the
placebo group, a correct analysis of the PROactive data
would have revealed a significant association between
pioglitazone use and bladder cancer in a randomized trial,
and would have strengthened the existing doubt [45].
Another inaccuracy lies in the definition of pioglitazone as a
selective agonist for PPARY: it now appears that pioglit-
azone has a pharmacological profile similar to that of the
dual PPARo/y agonists, which were discontinued before
2006 because of safety concerns, including bladder tumours
[37, 38]. Whatever the cause of these inaccuracies may be,
the opportunity was lost to provide regulators with correct
and timely information to properly assess the safety profile
of pioglitazone. It took until 2011 for the pharmacoepide-
miological data to be sufficiently numerous and conclusive
to initiate the application of safety measures such as pre-
scription restrictions, close monitoring and review of the
adequacy of the response to treatment. The first lesson we
can draw from this sequence of events is that if the oppor-
tunity to implement regulatory action to prevent potential
side effects before drug authorization is missed, it takes
many years to make changes once a drug has been mar-
keted. Secondly, it is crucial to be particularly vigilant with
the safety information provided before and after marketing.
In a context of weak efficacy, the doubt must always benefit
the patient.
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7.4 The Difficulty of Screening and Monitoring
Treated Patients

In the example of pioglitazone, the great difficulty lies in
identifying the patients who are at greater risk of devel-
oping bladder cancer. Cystoscopy associated with biopsy is
the examination of choice to detect bladder cancer, but it is
totally unfeasible as systematic screening for bladder
lesions in order to select or monitor pioglitazone-treated
patients. Recommendations to not accumulate known and
detectable risk factors for the prescribing of pioglitazone
and to clinically monitor treated patients have been
implemented but only represent an approach by default. In
other words, patient history and clinical urinary symptoms
including macroscopic haematuria, which are the criteria
now recommended for selection and monitoring of
patients, may be insufficiently reliable to avoid exposure of
patients at risk. Pioglitazone may be useful in the popula-
tion of patients with a good response and good tolerance,
but it appears that practitioners cannot really count on
HbA | to assess its cardiovascular effectiveness and cannot
count on restricted prescribing to ensure its safety. This
problematic situation is now left in the hands of prescrib-
ers, who may consequently encounter complex patient
management with medico-legal responsibility.

8 Conclusions

The pioglitazone example gives us a good opportunity to
think about how the drug regulatory system works. With
new therapeutic agents in development in the field of dia-
betes, as in other therapeutic fields, this complex situation
will happen again, and risk management will have to be
more proactive. As a basis for reflection, some solutions
can be proposed:

— Do not overlook basic pharmacological (i.e. pharma-
cokinetic and pharmacodynamic) studies, and strictly
analyze the slightest doubt.

— Do not authorize drugs without well-designed, long-
term studies comparing clinical outcomes with those of
reference medications, not just placebo.

— Always ensure that the results of any study are
disclosed, and widely spread the available information
to the medical community and the public.

— Promptly conduct post-marketing studies (clinical trials
and observational studies) with the highest level of proof
to assess the safety, effectiveness and cost effectiveness
of newly marketed drugs, and ensure that these studies
are independent from pharmaceutical firms.

— If a risk of serious adverse event is suspected,
immediately implement strict and reliable recommen-
dations for prescription and monitoring.

— Suspend any drug whose risk-benefit balance is judged
to be negative and, in cases of doubt, make decisions
only in the patient’s best interests.

In our opinion, any improvement implies an increasing
role of health authorities and academic organizations. No
solution would satisfy everyone involved (health authori-
ties, the pharmaceutical industry, the clinical community
and patients), but we must think about patients first and
give ourselves the means to comply with the principal
precept of medical ethics: “primum non nocere”.
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