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Abstract
Pioglitazone use and risk of bladder cancer in diabetic  patient  is 

one of the major causes of morbidity and mortality. Increasing evidence 
from the clinical studies suggested increased risk of bladder cancer 
with higher dose and longer duration of pioglitazone use. In contrast, 
few studies reported non-significant association with pioglitazone use 
and risk of bladder cancer in T2DM patients. Therefore, we aimed to 
review and summarize the  available clinical data describing the risk 
of bladder cancer associated with pioglitazone treatment.
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Review
Pioglitazone belongs to thiazolidinedione class and acts 

as insulin sensitizer, widely used for the management of type 
2 diabetes mellitus (T2DM). Pioglitazone, targets peroxisome 
proliferators-activated receptor-gamma (PPAR-γ) protein, a key 
transcription factor for adipogenesis and glucose homeostasis 
[1]. Despite the beneficial effect of pioglitazone use in glycemic 
control, its extended use has been allied with various adverse 
events and questioned owing to safety concerns. Bladder cancer 
is one of the risk factors associated with the pioglitazone use [2]. 
According to American Cancer Society, 79,030new cases causing 
about 16,870 deaths were reported from bladder cancer in the 
United State (US) for 2017. Bladder cancer is the fourth most 
common cancer in men and less common in women, over all 
accounting for approximately 5% of all new cancers in the USA 
[3]. Both diabetes and bladder cancer are the major causes of 
morbidity and mortality, resulting in substantial health economic 
burden. PRO active study was the first study, which reported the 
incidence of bladder cancer, where 14 cases of bladder cancer were 
observed in the pioglitazone treatment versus 5 cases of placebo 
arms [4]. An interim report from cohort study reviewed by Food 
and Drug Administration (FDA) revealed that the risk of bladder 
cancer was not associated with short-term use of pioglitazone, 

whereas more than 2 years use of pioglitazone associated with 
increased risk of bladder cancer in diabetic patients [5]. As a 
result, in 2011, US FDA updated the public safety report regarding 
the pioglitazone use for more than 1 year with increased risk 
of bladder cancer. Additionally, recommendations were given 
to healthcare professionals against prescribing pioglitazone in 
patients with active bladder cancer and prescribe it with caution 
in patients having history of bladder cancer [6]. In line with US 
FDA stand, after a finding from cohort study conducted in France, 
European Medicines Agency (EMA) also decided to suspend use 
of pioglitazone in diabetic patients [7]. 

The ongoing results from the several studies suggested that 
pioglitazone use was associated with increased risk of bladder 
cancer [8,9]. On the other hand, few studies reported no risk 
of bladder cancer with pioglitazone use [10,11]. For instance, 
a recent population based cohort study conducted in United 
Kingdom (UK) generated 689,616 person years of follow-up, 
during which 622 patients  were newly diagnosed  as  having 
bladder  cancer (crude incidence 90.2 per 100,000 person 
years). When compared with other anti-diabetic medications, 
pioglitazone use was associated with an increased risk of bladder 
cancer (121.0 versus 88.9 per 100,000 person years) with hazard 
ratio (HR) 1.63, 95% confidence interval (CI) 1.22- 2.19. This 
study also reported that risk of bladder cancer with pioglitazone 
may vary in a dose and duration dependent manner [8]. In 
addition, an epidemiological study identified 1,161,443 prevalent 
and 320,090 incident diabetics with mean age = 75.1 years, mean 
follow-up time = 38.0 months, and 20.2% filled a prescription 
for pioglitazone. Results from this study reported a positive 
association between bladder cancer and duration of pioglitazone 
use in the prevalent cohort (P = 0.008), with ≥ 24 months of 
pioglitazone exposure increasing the incidence of bladder cancer 
16% (95% CI 0-35%) compared to non-user [12]. Interestingly, 
a recent meta-analysis of 15 observational studies conducted 
by Adil et al. [13] which included 2,470,397 diabetic patient and 
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12,138 bladder cancer cases reported risk of bladder cancer 
with pioglitazone use (HR = 1.20; 95% CI 1.09–1.31; P < 0.0001). 
Subgroup analysis of this meta-analysis also reported that dose 
(10,501–28,000 mg and >28,000 mg) (HR = 1.27; 95% CI 1.05–
1.54; P < 0. 01 and HR = 1.68; 95% CI 1.36–2.08; P < 0.00001; 
respectively) and duration (12–24 and >24 months) (HR = 1.43; 
95% CI 1.19–1.71; P = 0.0001 and HR = 1.58;95% CI 1.27–1.97; 
P < 0.0001 respectively) of pioglitazone use is associated with 
risk of bladder cancer. On the contrary, a retrospective cohort 
study performed by Korhonen et al [14].  uses datasets from four 
European countries evaluating association between pioglitazone 
use and  bladder  cancer  risk  in  T2DM  patients.  Results  from  
this  cohort  study  found  non-significant association between 
bladder cancer risk and pioglitazone use when compared to non-
users (HR = 0.99; 95% CI 0.75–1.30) and (HR = 1.00, 95% CI 0.83–
1.21) in the nearest and multiple match cohorts, respectively. 
Similarly, increase in cumulative dose (>40000 mg) and duration 
(>48 months) of pioglitazone exposure was also not associated 
with risk of bladder  cancer  (HR  =  0.65;  95%  CI  0.33–1.26  
and  HR  =  0.86;  95%  CI  0.44–1.66,respectively) in the nearest 
match cohort. 

Another, recent meta-analysis conducted by Filipova and 
colleague reported no link of bladder cancer risk with pioglitazone 
use, Relative  risk;  RR  =  1.13;  95%  CI  0.96–1.33  and  HR  =  1.07;  
95%  CI  0.96–1.18), and suggested hypothetically increased risk 
of bladder malignancy should be attributed to other factors [11].

Evidence surrounding the association between pioglitazone 
use and risk of bladder cancer requires cautious interpretation 
because of inconsistent results. The evidence from real world 
data turned out to be insufficient to prove association between 
pioglitazone use and risk of bladder cancer. So far, no randomized 
controlled trials (RCTs) have been performed to evaluate the 
impact of pioglitazone on bladder cancer in diabetic patients 
which makes it difficult to draw conclusions on whether the 
association between bladder cancer risk and pioglitazone is 
related to pioglitazone treatment itself or to the patient’s disease 
state. However, patients with uncontrolled diabetes may need 
to use pioglitazone because of scarcity of PPAR-γ agonist. Such 
knowledge would be important for trade-offs and decision 
making when this treatment is being considered. Therefore, well-
designed RCTs with long-term follow up are required to explore 
the effect of pioglitazone on bladder cancer risk.
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