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ABSTRACT

People with type 2 diabetes are at increased risk
of bladder cancer. Pioglitazone is said to
increase it further, although published evidence
is mixed. We conducted a meta-analysis to
determine if any link between the use of
pioglitazone and an increased risk of bladder
cancer can be found. A comprehensive litera-
ture search was conducted through electronic
databases as well as registries for data of clinical
trials to identify studies that investigate the
effect of pioglitazone on bladder cancer in dia-
betic patients. We used the risk ratio (RR) and
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the hazard ratio (HR) provided by the studies to
illustrate the risk of occurrence of bladder can-
cer in the experimental group compared to that
in the control group. Fourteen studies using RR
and 12 studies using HR were included in the
analysis. The overall RR was 1.13 with 95% CI
(0.96-1.33) with low heterogeneity among the
studies using RR, suggesting that no connection
exists between use of pioglitazone and the risk
of bladder malignancy. The summary HR was
1.07 (0.96-1.18) allowing us to affirm that there
is no link between long-term use of pioglitazone
and bladder cancer. Our results support the
hypothesis of no difference in the incidence of
bladder cancer among the pioglitazone group
and the nonuser group. Our conclusion is that
the explanation of hypothetically increased risk
of bladder malignancy should be attributed to
other factors.
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INTRODUCTION

Pioglitazone belongs to the thiazolidinediones,
a class of antidiabetic drugs that exert their
action by binding to the peroxisome
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proliferator-activated receptor gamma (PPAR-v)
[1]. It was approved by the US Food and Drug
Administration (FDA) in 1999 and European
Medicines Agency (EMA) in 2000 for the treat-
ment of type 2 diabetes as monotherapy or in
combination with metformin, sulfonylurea, or
insulin [2]. It is known to successfully reduce
HbA1c with an antihyperglycemic effect similar
to that of metformin and sulfonylureas [3-5].
Pioglitazone improves insulin sensitivity, pre-
serves B-cell function in diabetic patients, and is
believed to have a favorable effect on the lipid
profile [6]. It has a manageable safety profile
with beneficial effect on coronary and periph-
eral vasodilation and with minimal improve-
ment of blood pressure [7]. Nevertheless, it is
associated with weight gain and peripheral
edema [8].

Bladder cancer is the fourth and 11th most
common cancer type in men and women in
developed countries, respectively [9]. People
with type 2 diabetes are at increased risk of
several types of cancer, including a 40%
increased risk of bladder cancer compared with
those without diabetes. Additional risk factors
for bladder cancer include increased age, male
sex, smoking, occupational and environmental
exposures, and urinary tract disease [10, 11].

Evidence linking the use of pioglitazone to
the increased risk of bladder cancer is mixed.
The first signals for a possible association of
pioglitazone use and bladder cancer arose from
a preclinical study included in the licensing
applications which reported a higher number of
urothelial hyperplasia in a rat population and
malignant tumors in the urinary bladder in
male rats treated with pioglitazone [12]. How-
ever, a number of studies later proved that this
is a rat-specific phenomenon and does not pose
a urinary bladder cancer risk to humans [13-15].

PROactive is the first trial that raised the
question of a possible increase in bladder cancer
risk with pioglitazone use. In the whole cohort of
PROactive, the comparative incidence of all
malignancies was similar. More cases of bladder
neoplasm (14/2605 vs 6/2633) were observed in
the pioglitazone versus placebo arms of the study
[16, 17]; however, comparative analysis shows
statistical insignificance with p =0.069. When
the fact that one patient in the placebo arm is

incorrectly diagnosed is taken into account, the
difference becomes significant, p =0.036. An
independent expert committee reviewed the 20
bladder cancer cases and concluded that 11
tumors that occurred within 1 year of random-
ization (eight in pioglitazone vs. three in placebo)
could not plausibly be related to the treatment
[17]. The remaining six cases with pioglitazone
and three with placebo could not produce statis-
tical significance (y* 1.034, p = 0.309).

A report by Hillaire-Buys and Faillie [18] and
based on the analysis of randomized controlled
trials [12] confidently claims to have deter-
mined that pioglitazone increases the risk of
bladder cancer. At the same time Erdmann et al.
[19] presenting the 6-year interim analysis of a
10-year observational follow-up of the PROac-
tive study did not register imbalance between
bladder cancer cases in the pioglitazone and
placebo groups. This contradictory evidence led
us to believe that a meta-analysis of the con-
nection of pioglitazone use and the risk of
bladder cancer is a must.

METHODS

The rationale of this meta-analysis is to estab-
lish whether there is a link between the use of
pioglitazone and the risk of bladder cancer. A
comprehensive literature search was conducted
through electronic databases (from 2000 until
February 2016) MEDLINE, Scopus, PsyInfo, eLI-
BRARY.ru, as well as registries for data of clinical
trials (http://ClinicalTrials.gov and http://www.
clinicaltrialsregister.eu) to identify studies that
investigate the effect of pioglitazone on bladder
cancer in diabetic patients. The following key-
words and various combinations were used in
the search: pioglitazone, thiazolidinediones,
bladder cancer, and placebo. The search was not
restricted to articles published in English. Full
text articles and abstracts were checked for rel-
evance to the topic and were assessed on the
basis of the following inclusion criteria: type of
study/trial—epidemiologic, controlled, and
randomized; type of subjects included—repre-
sentatives of the whole population or a specific
stratum; access to raw data; eligibility for sta-
tistical analysis. If any clarification of results or
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conclusions was needed, authors were con-
tacted for additional information.

All relevant studies identified were carefully
reviewed, sorted, and assessed. Figure 1 depicts
the process of selection applied to evaluated
studies in order to determine their eligibility for
inclusion in the analysis. Extracted data
encompassed publication year, study design,
population (cases and controls), and RR or HR
assessment. Quality of reviewed studies was
evaluated, and any comments or conclusions of
the authors were also summarized.

From each study we obtained the relative
association measure and the 95% confidence
interval. We used the RR and the HR provided
by the studies to illustrate the risk of occurrence
of bladder cancer in the experimental group
compared to that in the control group and to
assess the relative probability of occurrence of

bladder cancer in pioglitazone-treated patients
after a certain period of time, respectively. For
those studies that did not provide RR or HR, we
calculated the epidemiological measures as
described in Borenstein et al. [20].

We chose the random-effects method as the
primary analysis because of the significant
heterogeneity of the individual studies. To
assess the aforementioned heterogeneity of
treatment effect among trials, we used the
Cochran Q and the I? statistics, where p values
of less than 0.10 were used as an indication of
the presence of heterogeneity and an ? param-
eter greater than 50% was considered indicative
of substantial heterogeneity. The threshold for
statistical significance was set at 0.05. Forest
plots depict estimated results from the studies
included in the analysis and funnel plots are
used to evaluate publication bias.

search onbasis of selected key words: 1536
* electronic databases: 1521
= other sources: 15

Studiesidentified through comprehensive literature

Excluded studies: 1085
Reason:

= duplicate report
*not relevant to the analysis

Full text articles subjectedto assessment: 339

Excluded studies: 112

Reason:
*not relevant to the analysis

* pioglitazone: 144
= vildagliptin: 37
= sitagliptin: 17

Studiesincluded in the analysisafter assessment: 198

between bladder cancer and pioglitazone: 26
* studies using RR.: 14
* studies using HR: 12

Studiesincluded in the analysis of the connection

Fig. 1 Study selection process

I\ Adis



708

Diabetes Ther (2017) 8:705-726

Sensitivity analyses were performed to assess
the effect if a given study has been excluded
from the analysis set. The influence was esti-
mated by consecutive elimination of each of the
studies from the analysis and noting the degree
to which the effect size and significance of the
treatment effect changed. Calculations are
made with language for statistical modeling R
and MetaXL macro (add-ins of MSExel).

This article is based on previously conducted
studies, and does not involve any new studies of
human or animal subjects performed by any of
the authors.

RESULTS

Our search returned 1536 titles. Once duplicate
reports and studies not relevant to the analysis
were excluded, 339 full text articles remained to
be subjected to assessment. Of them 26 were
included in the analysis of the connection
between pioglitazone use and bladder cancer
occurrence (Fig. 1).

Assessment of Studies Using RR
as the Relative Association Measure

Fourteen studies using RR as the relative asso-
ciation measure were identified and included in
the analysis [16, 19, 21-32]. Six of them are
retrospective cohort studies [21, 24-27, 29]; four
are case—control studies [23, 28, 30, and 31]; two
are observational studies [19, 22]; one is multi-
population pooled cumulative exposure analy-
sis [32] and one is the randomized controlled
trial PROactive [16]. Nine of the studies did not
demonstrate a significantly increased risk of
bladder cancer in patients with diabetes treated
with pioglitazone compared to nonusers; the
others reported significantly increased risk of
bladder malignancy. Potential confounders
were controlled in most of the studies. All of the
studies were assessed in terms of quality of the
analysis and eligibility of the statistical analysis.

The PROactive trial randomized 2605
patients to receive pioglitazone titrated from 15
to 45 mg and 2633 to receive placebo in addi-
tion to their glucose-lowering drugs and other
medications. It was originally published in 2005

[16], but an update with an interim 6-year
analysis was presented in 2012 [17]. Its primary
endpoint was to ascertain whether pioglitazone
reduces macrovascular morbidity and mortality
in high-risk patients with type 2 diabetes [16].
Oliveria et al. [21] commented on the risks of
colorectal, bladder, liver, pancreatic, and mela-
noma cancers in users and nonusers of various
antidiabetic pharmacotherapies, including thi-
azolidinediones, while Piccinni et al. [22] ana-
lyzed the association between pioglitazone use
and bladder cancer through the FDA Adverse
Event Reporting System database. A S5-year
prospective pharmacoepidemiological cohort
study included 34,181 users of pioglitazone
users and 158,918 control subjects from the
Kaiser Permanente Northern California (KPNC)
diabetes registry to examine whether pioglita-
zone use for type 2 diabetes is associated with
risk of bladder and ten additional cancers [23]. A
population-based study in Taiwan reviewed the
National Health Insurance database and inves-
tigated the association of pioglitazone and
bladder cancer in Asians among 54,928 patients
with type 2 diabetes using pioglitazone [24]. A
retrospective cohort study analyzed the clinical
data of 5079 cancer patients with and without
diabetes to assess the correlation between use of
antidiabetic agents including pioglitazone and
the incidence of bladder cancer [26]. Jin et al.
[29] and Kuo et al. [30] investigated whether
chronic exposure to relatively low doses of
pioglitazone increases risk of bladder cancer in a
total of 101,953 control patients and 11,240
pioglitazone-treated patients in Korean hospi-
tals and 259 cases and 1036 controls randomly
sampled from National Health Insurance
enrollees in Taiwan, respectively.

The summary RR for all studies with 95% CI
is shown in Fig. 2a. The summary RR was 1.31
(95% CI 1.01-1.71) in a random-effects model
and did not provide evidence for the existence
of statistically significant increased risk of
occurrence of bladder cancer in patients with
diabetes using pioglitazone versus nonusers.
There is noticeable heterogeneity among these
studies with Cochran’s Q = 60.45, p =0.00 and
I? = 70%. The funnel plot (Fig. 3a) used to assess
the publication bias suggested symmetry of the
individual results. At the same time, there are
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three studies that remain outside of the border
of the funnel [22, 26, 28]. They also happen to
be the ones estimated to be of low quality (see
Table 1).

It is visible from Fig. 2 that the study by Hsiao
et al. [28] has the highest weight. When the
three studies [22, 26, 28] deemed to be of low
quality are excluded from the analysis the situ-
ation is visibly altered (Fig.2b). Heterogeneity
among the studies is reduced with Cochran’s
Q=21.77, p=0.11 and P> = 31%. The overall RR
is now 1.13 with 95% CI (0.96-1.33) which
suggests that no connection exists between use
of pioglitazone and the risk of bladder malig-
nancy. Since these estimates are based on a sig-
nificantly larger number of cases than in the
individual studies, and include studies that meet
the criteria for scientific quality, we can assume
that these results are considerably more reliable
than those published previously.

Sensitivity Analysis

The results of the sensitivity analyses for all
studies regardless of quality and when studies
deemed to be of low quality are excluded are
summarized and presented in Table 2. In all
sensitivity analyses, the use of pioglitazone was
not associated with an increased risk of bladder
cancer, with pooled risk ratios ranging between
1.230 and 1.357 for all studies and between
1.092 and 1.174 when supposed low-quality
studies were excluded. It is obvious from the
results presented in Table 2 that the subsequent
exclusion of each study from the analysis did
not lead to a significant change in the pooled
RR, suggesting consistency of our findings.

Assessment of Studies Using HR
as the Relative Association Measure

In order to assess the cumulative effect of
pioglitazone use and to determine whether
there is an increased risk of urinary bladder
cancer in case of prolonged use, we analyzed 12
studies using HR as the relative association
measure [19, 23, 24, 33-41]. Ten of them are
cohort studies with two prospective cohort
studies [23, 33] and eight retrospective cohort

studies [24, 34, 35, 37-41]. There is one obser-
vational study [19] and one case—control study
[36]. The eligible 12 publications provided evi-
dence for 881,907 patients with diabetes in total
and 8873 cases of bladder cancer among patient
groups. The minimum duration of follow-up
was 1 year and the maximum was 6.5 years. The
cumulative dose of pioglitazone taken by the
different subgroups was in the range from 1 to
156,000 mg.

The interim report of the cohort study
described by Lewis et al. [23] examined the
association between pioglitazone therapy and
the risk of bladder cancer using data about
193,099 patients in the KPNC diabetes registry
[33]. Fujimoto et al. [34] examined the fre-
quency of bladder cancer in Japanese patients
with type 2 diabetes in relation to use of
pioglitazone among a total of 663 patients
identified to be taking pioglitazone. An Indian
retrospective cohort study aimed to determine
whether pioglitazone is associated with an
increased risk of bladder cancer and analyzed
2222 patients divided into two equal groups. It
is interesting to point out that there was no
evidence of bladder cancer in any of the studied
groups [35]. The study by Lee et al. [37] inves-
tigated the factors that may link pioglitazone to
bladder cancer among 34,970 subjects identified
from the National Health Insurance Research
Database. Mackenzie et al. [38] explored the
relationship between use of one or both thia-
zolidinediones and angiotensin receptor block-
ers and incidence of bladder cancer among
diabetic patients with diabetes enrolled in
Medicare. A large retrospective study, con-
ducted by the French National Fund for health
insurance (La Caisse nationale de l’assurance
maladie, CNAM), retrieved data on 155,535
pioglitazone users and 1,335,525 control sub-
jects from several French databases [39].
Another retrospective cohort study extracted
data from the InVision Data Mart database to
evaluate safety data on pioglitazone for several
outcomes such as an increased risk of bladder
cancer, an increased risk of bone fracture and
heterogeneous effects on cardiovascular events,
and to examine them in context with each
other as well as with insulin [40]. A cohort study
using data from the General Practice Research
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Fig. 4 Forest plot of studies using HR as the relative association measure: a without estimation of quality, b after studies

deemed to be of low quality were excluded

Database aimed to examine whether exposure
to pioglitazone use is associated with increased
incidence of bladder cancer in patients with
type 2 diabetes mellitus [41].

The summary HR for all 12 studies is 1.09
(1.00-1.19) which is on the border of statistical
significance (Fig. 4a). The funnel plot (Fig. 5a)
shows only slight asymmetry which suggests
that there is almost no publication bias.
Cochran’s Q of 4.25, p=0.89, and P =0%

signify the high degree of homogeneity of the
different studies. These results, however, cannot
help us determine whether there is any con-
nection between the long-term use of pioglita-
zone and the increase in the chance of
developing a bladder malignancy.

In order to obtain a more definitive result
concerning the link between pioglitazone ther-
apy and bladder cancer, we repeated the analy-
sis and this time we took into account the
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Fig. 5 Funnel plot of studies using HR as the relative association measure: a without estimation of quality, b after studies
deemed to be of low quality were excluded
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assessment of the quality of the studies which is
summarized in Table 3. As it is visible from
Fig. 4a, b, the study by Neumann et al. [39] has
the highest weight but results summarized in
Table 3 show that it is of arguable quality.
When it is excluded from the analysis, together
with the works of Gupta et al. [35] and
Mackenzie et al. [38], which are also deemed to
be of low quality, the summary HR for the rest
of the studies becomes 1.07 (0.96-1.18). This
result allows us to affirm that there is no link
between long-term use of pioglitazone and
bladder cancer.

Sensitivity Analysis

Summarized results from the sensitivity analysis
for all studies using HR as the relative associa-
tion measure are presented in Table 4. It must
be noted that the subsequent exclusion of each
study leads to pooled HR ranging from 1.065 to
1.105 for all studies and from 1.059 to 1.078
when low-quality studies are excluded. The
consistency of the results is yet another proof
that there is no statistically significant increase
in the risk of bladder cancer in case of long-term
use of pioglitazone from patients with type 2
diabetes.

DISCUSSION

In recent years there have been a number of
studies and meta-analyses connecting pioglita-
zone use and the risk of bladder cancer in type 2
diabetes patients [2, 23, 26, 29, 39] with such
emphasis on the danger involved that authors
and clinicians worldwide have started to rec-
ommend that pioglitazone is avoided. Although
various other sources have claimed that the
apprehension is unfounded, misgivings con-
cerning the use of pioglitazone nevertheless
remain.

Our meta-analysis aimed to reinterpret evi-
dence provided by the literature about the risk
of bladder malignancy in case of treatment with
pioglitazone. We reviewed and evaluated a large
number of sources and based our conclusions
only on studies we assessed to be of satisfactory
quality. Our findings prove, just like other

authors have claimed before us
[16, 19, 23, 37, 41], that pioglitazone use is not
associated with increased odds of developing
bladder cancer in patients with type 2 diabetes
and the reason behind the rising number of
bladder cancer cases should be attributed to
other factors.

First of all, it should be noted that a lot of the
works testifying to a connection between
pioglitazone and blabber cancer risk are obser-
vational studies like that of Azoulay et al. [25]. A
major disadvantage of these studies is that the
characteristics of treatment and comparison
groups cannot be well balanced as a result of the
nature of the study itself. Azoulay et al. stated
that participants prescribed thiazolidinediones
(pioglitazone and rosiglitazone) were more
likely to be obese, to have ever smoked, and to
have uncontrolled diabetes than those who
never used any thiazolidinedione, this way set-
ting significant baseline differences among the
groups and making it harder to draw a definite
conclusion about the connection between
pioglitazone and bladder cancer.

The prescription practices of pioglitazone
could provide an explanation for the imbalance
of baseline characteristics of patients treated
with thiazolidinediones. Recommendations
from NICE [42, 43] list pioglitazone as third-line
therapy for patients already treated with other
antihyperglycemic drugs like gliptins, insulin,
and insulin analogues. This is yet another con-
founding factor because there is also evidence
for the risk of cancer connected with the use of
other antidiabetic medications. Smith and Gale
[44] comment that even though metformin is
known to be safe [45], high circulatory levels of
endogenous insulin overlap with an increase of
the risk of certain types of cancer, suggesting a
connection between oncological disease and
insulin analogues such as insulin glargine.
Other antihyperglycemics are also known to
increase the risk of cancer such as sulfonylureas
[46] and rosiglitazone [47].

An increasing number of epidemiologic
studies have found that diabetes mellitus may
alter the risk of developing a variety of cancers
[48-51]. Diabetes was a significant predictor of
death from cancer of the colon, liver, pancreas,
and bladder [52]. History of diabetes was related
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to an increased bladder cancer risk (adjusted
odds ratio = 2.1, 95% CI 1.1-4.1). The associa-
tion was strongest in those who had diabetes for
the longest duration [45]. The study by Yeung
et al. [53] proved that diabetic patients had an
increased, significant odds ratio for bladder
cancer compared with nondiabetics even after
adjustment for smoking and age [OR 2.69,
p=0.049 (95% CI 1.006-7.194)]. This study has
again highlighted a potential association
between diabetes mellitus and transitional cell
bladder cancer [53]. Common metabolic com-
plications associated with diabetes mellitus
such as higher body mass index (BMI), obesity,
and insulin resistance are also known to be
individually connected with an increase in the
risk of bladder cancer development in diabetes
patients [54-56]. The recommendation to apply
pioglitazone as a third-line therapy for type 2
diabetes leads to it being prescribed to patients
with more advanced forms of the disease with
higher possibility of metabolic and other com-
plications which could be another confounding
factor for increased bladder cancer risk.

Our study has limitations which are mainly
connected with the different designs and
methods among the included studies. We did
not have individual patient data and therefore
could not examine other known risk factors for
bladder cancer (such as age, smoking, or occu-
pational exposure). The possibility of publica-
tion bias cannot be fully ruled out either,
although funnel plot examination did not show
any statistical significance.

CONCLUSIONS

Many authors claim to have determined that
pioglitazone use by patients with diabetes is
associated with an increase in the risk of bladder
cancer development. Our results are a testament
of the opposite. With an overall RR of 1.13 with
95% CI (0.96-1.33) our results support the
hypothesis of no difference in the incidence of
bladder cancer among the pioglitazone group
and the nonuser group. The link between
long-term use of pioglitazone and bladder can-
cer was not confirmed either. Our conclusion is
that the explanation of hypothetically

increased risk of bladder malignancy should be
attributed to other factors. Therefore, there is
no eligible reason for diabetes patients not to
exploit the benefits of the antihyperglycemic
medication pioglitazone.
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