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1. Exposure Data

Thiazolidinediones are a class of synthetic 
compounds that exert direct effects on the 
mechanisms of insulin resistance, and result 
in improved insulin action and reduced hyper-
insulinaemia. In the present Monograph, the 
Working Group evaluated pioglitazone and 
rosiglitazone, two thiazolidinediones that 
initially showed great promise as receptor-me-
diated oral therapy for type 2 diabetes mellitus. 
Rosiglitazone and pioglitazone were introduced 
to the market at about the same time (1999 in the 
USA, and 2001–2002 in Taiwan, China; Tseng, 
2012d). Some patients may therefore have been 
exposed to both drugs, which were sometimes 
prescribed sequentially. The Working Group did 
not consider other thiazolidinediones, such as 
troglitazone, which was marketed for only a short 
period (1997–2000), before being withdrawn 
from the world market subsequent to reports of 
fatal hepatotoxicity (Julie et al., 2008).

1.1 Chemical and physical data on 
pioglitazone

1.1.1 Nomenclature

(a) Pioglitazone

Chem. Abstr. Serv. Reg. No.: 111025-46-8 
(SciFinder, 2013).

Chem. Abstr. Serv. Name: 2,4-Thiazolidine-
dione, 5-[[4-[2-(5-ethyl-2-pyridinyl)ethoxy]
phenyl]methyl]- (SciFinder, 2013).
IUPAC systematic Name: 5-[[4-[2-(5- 
Ethylpyridin-2-yl)ethoxy]phenyl]methyl]-
1,3-thiazolidine-2,4-dione (Drugbank, 2013; 
Pubchem, 2013).
WHO International Nonproprietary Name 
(INN): Pioglitazonum (WHO, 2007).

(b) Pioglitazone hydrochloride

Chem. Abstr. Serv. Reg. No.: 112529-15-4 
(SciFinder, 2013).
Chem. Abstr. Serv. Name: 2,4-Thiazolidine-
dione,5-[[4-[2-(5-ethyl-2-pyridinyl)ethoxy]
phenyl]methyl]-, hydrochloride (1:1) 
(SciFinder, 2013).
Proprietary Names: Actos; Glustin; Zactose 
(Drugbank, 2013; Pubchem, 2013).
United States Nonproprietary Name (USAN): 
Pioglitazone hydrochloride

PIOGLITAZONE AND ROSIGLITAZONE
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1.1.2 Structural and molecular formulae and 
relative molecular mass

(a) Pioglitazone

H3C

N O

N
S

O

O

H

C19H20N2O3S (O’Neil, 2006)
Relative molecular mass: 356.44

(b) Pioglitazone hydrochloride

H3C

N O

N
S

O

O

H HCl.

C19H20N2O3S. HCl
Relative molecular mass: 392.90

1.1.3 Chemical and physical properties of the 
pure substance

(a) Pioglitazone

Description: Colourless needles from 
dimethylformamide and water (O’Neil, 2006)
Density: 1.260 g/cm3 at 20 °C (Langchem, 
2013)
Melting point: 183–184  °C (O’Neil, 2006; 
Milne, 2000)
Spectroscopy data: Ultraviolet (UV) 
(Venkatesh et al., 2006), proton nuclear 
magnetic resonance (1H NMR) (Madivada 
et al., 2009), 13C NMR (Madivada et al., 2009), 
infrared (IR) (Madivada et al., 2009), and 
mass spectrometry (MS) (Wang & Miksa, 
2007; Thevis et al., 2005) have been reported
Solubility: 14.05 µg/mL (water); 25.07 µg/mL 
(0.15 M NaCl); 10.61 µg/mL (0.1 M phosphate 
buffer) (Seedher & Kanojia, 2008); 46.85 mg/L 
at 25 °C (EMA CHMP, 2012)

The solubility is highly dependent on pH, and 
is greater at lower pH. Solubility according 
to pH: 52.60 µg/mL (pH 1.83); 38.63 µg/mL 
(pH 2.57); 4.55 µg/mL (pH 3.92); 6.35 µg/mL 
(pH 7.39); 19.19 µg/mL (pH 8.82); 49.96 µg/mL 
(pH 9.52) (Seedher & Kanojia, 2009); 100 μg/mL 
in 1:1 dimethyl sulfoxide:phosphate-buffered 
saline (pH  7.2); 2.5  mg/mL in dimethylfor-
mamide and dimethyl sulfoxide (Cayman 
SDS, 2013)
Stability data: Exposure to heat (105  °C) 
results in a change of appearance; exposure 
to heat and UV light results in a slight drop 
(1.5–2%) in assay; exposure to 0.1 N sodium 
hydroxide results in degradation; exposure to 
heat (105 °C) and peroxide results in a slight 
increase in total impurities (EMA CHMP, 
2012)
Octanol/water partition coefficient: Log 
P = 2.72–3.73 (Giaginis et al., 2007)
Vapour pressure: 2.88 × 10−14 mm Hg at 25 °C, 
estimated (EMA CHMP, 2012)

(b) Pioglitazone hydrochloride

Description: White crystalline powder, 
odourless (Physicians Desk Reference, 2012); 
colourless prisms from ethanol (O’Neil, 2006)
Density: 1.26 g/cm3 (ChemicalBook, 2013)
Melting point: 193–194  °C (O’Neil, 2006; 
Milne, 2000)
Solubility: Practically insoluble in water, 
insoluble in ether, slightly soluble in ethanol, 
very slightly soluble in acetone and acetoni-
trile (O’Neil, 2006); very soluble in dimethyl-
formamide (Physicians Desk Reference, 2012)
Vapour pressure: 3.0 × 10–13 mm Hg at 25 °C 
(ChemicalBook, 2013)
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1.1.4 Technical products and impurities

Pioglitazone hydrochloride is used to formu-
late the finished dosage forms described below.

(a) Trade names

Actos; Glustin; Glizone; Pioz; Zactose (Rx 
List, 2013).

(b) Impurities

Three impurities were detected up to concen-
tration of 0.1% by reversed-phase high-perfor-
mance liquid chromatography (HPLC) and were 
characterized by 1H NMR, 13C NMR, MS, and IR 
spectral data (Kumar et al., 2004):

• 5-(4-Hydroxybenzyl)-1,3-thiazolidine-2,4-
dione

• 5-(4-Fluorobenzyl)-1,3-thiazolidine-2,4-
dione

• 2-[2-(4-Bromophenoxy) ethyl-5-ethyl] 
pyridine.

Four impurities in pioglitazone were prepared 
and characterized by NMR spectroscopy (Richter 
et al., 2007):

• 5-{4-[2-(5-Ethyl-6-{4-[2-(5-ethylpyridin-
2-yl)-ethoxy]phenyl}pyrid-2-yl)ethoxy]
benzyl}-1,3-thiazolidine-2,4-dione

• 5-{4-[2-(5-Ethyl-4-{4-[2-(5-ethylpyridin-
2-yl)ethoxy]phenyl}pyrid-2-yl)ethoxy]
benzyl}-1,3-thiazolidine-2,4-dione

• 5-{6,4′-bis-[2-(5-Ethyl-pyridin-2-yl)ethoxy]
biphenyl-3-ylmethyl}-1,3-thiazolidine-2,4-
dione

• 5-{4-[2-(5-Ethyl-py ridin-2-yl)ethox y]
b e n z y l}-3 -[2 - (5 - e t hy l -p y r id i n-2 -y l)
ethyl]-1,3-thiazolidine-2,4-dione.

1.2 Analysis of pioglitazone

Physical properties used for the identification 
of the substance, e.g. IR and melting point, are 
presented in Section 1.1.3. Selected non-compen-
dial methods are presented in Table 1.1.

There are numerous methods including 
HPLC with UV or MS detection for the anal-
ysis of pioglitazone in different matrices, such 
as formulations, plasma, and serum. The limit of 
quantitation (LOQ) in serum using the method 
by Palem et al. (2011) is 1  ng/mL; Lin et al. 
(2003) reported a LOQ of 0.5 ng/mL in human 
plasma. Other reported techniques for analysing 
formulations include capillary electrophoresis 
(Radhakrishna et al., 2002a) and potentiometric 
sensors (Mostafa & Al-Majed, 2008).

1.3 Production and use of 
pioglitazone

1.3.1 Production

Pioglitazone exists in two polymorphic 
crystal forms. Polymorph 1 is used in the manu-
facture of the finished drug product. The manu-
facture of pioglitazone consists of six steps, the 
last in combination with hydrochloride to yield 
pioglitazone hydrochloride (EMEA, 2012).

1.3.2 Use

(a) Indications

Pioglitazone acts as an “insulin sensi-
tizer”, providing a means to improve glycaemic 
control by reducing insulin resistance and thus 
decreasing hyperglycaemia in patients with type 
2 diabetes mellitus (Sweetman, 2011; FDA, 2013a). 
Pioglitazone acts only in the presence of endoge-
nous insulin. It is indicated particularly for over-
weight patients as an adjunct to diet and exercise 
to improve glycaemic control. It is contraindi-
cated in patients with type 1 diabetes mellitus, 
and for the treatment of diabetic ketoacidosis. It 
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322 Table 1.1 Analytical methods for pioglitazone and rosiglitazone

Sample matrix Sample preparation Assay method Detection limit Reference

Non-compendial methods
Human plasma Pre-activation of SPE column with 

acetonitrile and KH2PO4, addition of IS 
and KH2PO4 to pioglitazone solution in 
plasma, extraction using SPE column, 
elution using acetonitrile and water, 
filtration, and analysis of filtrate

LC-UV 
Column: C18 
Mobile phase: methanol, acetonitrile and mixed 
phosphate buffer (pH 2.6, 10 mM) (40 : 12 : 48, v/v/v) 
Flow rate: 1.2 mL/min 
Wavelength: 269 nm

50 ng/mL (LLOQ) Sripalakit et al. 
(2006)

Human plasma Addition of pioglitazone standard 
solutions, IS, diethylether, mixing, 
centrifugation, addition of NaOH to 
organic layer, mixing, centrifugation, and 
injection of aqueous layer in HPLC

LC-UV 
Column: C18 
Mobile phase: acetonitrile and 140 mM KH2PO4 (pH 
4.45) (40 : 60, v/v) 
Flow rate : 1.4 mL/min 
Wavelength: 269 nm

25 ng/mL (LLOQ) Souri et al. (2008)

Human plasma Addition of IS, 0.1 M ammonium acetate, 
pH adjustment, extraction with methyl 
tert-butyl ether and butyl chloride, 
centrifugation, evaporation, residues 
dissolved in mobile phase, centrifugation

LC-ESI-MS 
Column: C18 
Mobile phase: acetonitrile : water (60 : 40) with 10 mM 
ammonium acetate and 0.02% TFA 
Flow rate: 0.2 mL/min 
SRM transition: 357 m/z →134 m/z (positive mode)

0.5 ng/mL (LLOQ) Lin et al. (2003)

Human serum Samples diluted 1 : 1 (v/v) with acetonitrile 
containing IS

LC-ESI-MS 
Column: C18 
Mobile phase: 50% of 10 mM ammonium acetate 
in acetonitrile: water (10 :  90) and 50% of 
water : acetonitrile (10 : 90) 
Flow rate: 1/35 mL/min 
SRM transition: 357 m/z → 134 m/z (positive mode)

9 ng/mL (LLOQ) Xue et al. (2003)

Pig serum Addition of IS, NaOH solution (1 M), 
dichloromethane, centrifugation, 
separation of organic layer, evaporation, 
reconstitution with methanol and analysis

LC-UV 
Column: C18 
Mobile phase: acetonitrile : 50 mM ammonium acetate 
buffer (pH 5) (67 : 33, v/v) 
Flow rate: 1 mL/min 
Wavelength: 240 nm

1 ng/mL (LLOQ) Palem et al. (2011)

Dog serum Serum samples loaded on the column, 
elution with acetonitrile, eluate mixed with 
purified water, and analysis

LC-UV 
Column: C18 
Mobile phase: Acetonitrile : water (41 : 59, v/v) 
containing 1.2 mL/L acetic acid (pH 6.0 ± 0.05) 
Flow rate: 1.0 mL/min 
Wavelength: 229 nm

25 ng/mL (LLOQ) Zhong & Lakings 
(1989)
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Sample matrix Sample preparation Assay method Detection limit Reference

Rat serum Addition of IS solution (rosiglitazone), 
precipitation by addition of ethylacetate, 
centrifugation, and analysis

LC-UV 
Column: C18 
Mobile phase: Methanol : ammonium acetate (30 mM, 
pH 5) (60 : 40, v/v) 
Flow rate: 1.0 mL/min 
Wavelength: 269 nm

15 ng/mL (LOD) 
50 ng/mL (LOQ)

Ravikanth et al. 
(2011)

Human serum 
and urine

Serum sample: activation of SPE column, 
addition of phosphate buffer, elution with 
methanol and 0.02 M sodium acetate, 
addition of acetic acid, evaporation, 
dissolve residue in 0.1 M KH2PO4, 
extraction in diethylether, evaporation and 
addition of IS

LC-UV 
Column: C18 
Mobile phase: 0.05 M phosphate buffer 
(pH 6.0) : methanol (9 : 1, v/v) and 0.05 M phosphate 
buffer (pH 6.0): methanol : acetonitrile (4 : 2 : 4, v/v) 
Flow rate: 1.0 mL/min 
Wavelength: 269 nm

Serum: 
0.01–0.05 µg/mL 
Urine: 
0.1–0.5 µg/mL

Yamashita et al. 
(1996)

Urine sample: addition of 0.1 M KH2PO4, 
extraction with mixture of diethylether 
and dichloromethane (4 : 1, v/v), 
evaporation, dissolution in IS solution, and 
analysis

Bulk and 
pharmaceutical 
formulation

Bulk sample: sample in mixture of aqueous 
0.1% ortho-phosphoric acid and acetonitrile 
at 1 : 1 (v/v)

HPLC 
Column: C18 
Mobile phase: 10 mM KH2PO4 : acetonitrile (pH 6.0) 
Flow rate: 1 mL/min 
Wavelength: 225 nm

Radhakrishna 
et al. (2002a)

Formulation: 20 weighed tablets ground 
to a fine powder, extraction with diluting 
solution, centrifugation

Tablet 
formulation

Tablets ground to fine powder, dissolve in 
methanol, sonication, filtration, dilution, 
and analysis

HPLC 
Column: C18 
Mobile phase: methanol : phosphate buffer (pH 4.3) 
(75 : 25, v/v) 
Flow rate: 1.0 mL/min 
Wavelength: 258 nm

Jain et al. (2008)

Tablet Finely powdered tablets, addition of 
methanol, sonication, centrifugation, 
supernatant diluted with 60% methanol, 
injection on column

HPLC 
Column: C18 
Mobile phase: ammonium formate buffer (0.05 M, 
pH 4.1) : acetonitrile (45 : 55, v/v) 
Flow rate 1.0 mL/min 
Wavelength: 266 nm

42 ng/mL (LOD) Jedlicka et al. 
(2004)

Table 1.1   (continued)
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Sample matrix Sample preparation Assay method Detection limit Reference

Formulation Powder transferred to volumetric flask, 
volume adjustment with acetonitrile and 
methanol (1 : 1), sonication, filtration, 
addition of IS and injection onto HPLC 
column

HPLC 
Column: C18 
Mobile phase: formic acid, (0.05 M, pH 3.0), 
water : acetonitrile (5 : 95, v/v) and water : methanol 
(10 : 90, v/v) 
Flow rate : 1.0 mL/min 
Wavelength: 260 nm

Venkatesh et al. 
(2006)

Environmental 
sample

Addition of acetonitrile to stabilize 
sample, store at 4 °C, filtration, addition of 
rosiglitazone as IS, and analysis

HPLC-TOF-MS 
Column: C18 
Mobile phase: acetonitrile (containing formic acid 0.1%, 
v/v) and an aqueous 10 mM ammonium formate solution 
(containing formic acid 0.1%, v/v) 
Flow rate: 0.7 mL/min

LOQ 
Waste water: 
1.1 ng/L 
River water: 
1.2 ng/L 
Tap water: 3.1 ng/L

Martín et al. 
(2012)

Formulation Addition of mobile phase to flask 
containing tablet powder, sonication, 
filtration, and analysis

RP-UPLC 
Column: C18 
Mobile phase: acetonitrile:buffer (pH 3.2) (20 : 80, v/v) 
Flow rate: 0.2 mL/min 
Wavelength: 220 nm

0.01 µg/mL (LOD) 
0.05 µg/mL (LOQ)

Xavier & 
Basavaiah (2012)

Formulation Crushing of tablet, transfer of powder to 
beaker, dissolve in acidic water solution, 
sonication, pH adjustment to 3.0 using 
phosphate buffer

Potentiometric sensors 
The sensing membranes incorporate ion association 
complexes of pioglitazone cation and sodium 
tetraphenylborate or phosphomolybdic acid or 
phosphotungstic acid as electroactive material.

Mostafa & Al-
Majed (2008)

Marketed 
formulation

Tablet finely powdered, extraction with 
methanol, further dilutions to achieve a 
concentration of 100 μg/mL of pioglitazone 
using methanol

Chiral normal-phase HPLC 
Column: chiral 
Mobile phase: hexane and n-propyl alcohol (80 : 20, v/v) 
Flow rate: 1.0 mL/min 
Wavelength: 233 nm

100 ng/mL (LOD) 
400 ng/mL (LOQ)

Gowramma et al. 
(2012a, b)

Bulk and 
pharmaceutical 
formulation

Twenty weighed tablets ground to a fine 
powder, extraction with diluting solution, 
centrifugation

Capillary electrophoresis 
Separation mode: micellar electrokinetic 
chromatographic fused-silica capillary 
Background electrolyte: 80 parts of 20 mM sodium 
borate (pH 9.3) containing 50 mM SDS and 20 parts of 
acetonitrile. 
Wavelength: 210 nm 
Voltage: 25 kV

Pioglitazone 
unsaturated 
impurity: 
0.29 µg/mL (LOD) 
0.74 µg/mL (LOQ)

Radhakrishna 
et al. (2002a)

HPLC, high-performance liquid chromatography; HPLC-TOF-MS, high-performance liquid chromatography time of flight mass spectrometry; IS, internal standard; KH2PO4, 
monopotassium phosphate; LC-UV, liquid chromatography ultraviolet spectroscopy; LC-ESI-MS, liquid chromatography electrospray ionization mass spectrometry; LOD, limit of 
detection; LLOQ, lower limit of quantification; LOQ, limit of quantification; NaOH, sodium hydroxide; RP-UPLC, reverse phase-ultra high pressure liquid chromatography; SDS, 
sodium dodecyl sulfate; SPE, solid-phase extraction; SRM, selected reaction monitoring; TFA, trifluoroacetic acid; UV, ultraviolet

Table 1.1   (continued)
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is also contraindicated in patients with advanced 
congestive heart failure (FDA, 2013a).

Apart from its approved indication for 
treatment of type 2 diabetes mellitus, pioglita-
zone is also used for other off-label indications 
(Table 1.2).

(b) Dosage

Pioglitazone is available as tablets of 15, 30 
and 45 mg dosage titrated on adequacy of ther-
apeutic response (Sweetman, 2011). Pioglitazone 
is also available in combination products, 
including pioglitazone and metformin (Actoplus 
Met), pioglitazone and glimeperide (Duetact), 
and pioglitazone and alogliptin (Oseni) (FDA, 
2013a; ChemSpider, 2013).

(c) Trends in use

Pioglitazone was one of the most widely 
used drugs for the treatment of type 2 diabetes 
among adults in 2000–2005. However, prescrip-
tion sales of thiazolidinediones in general, and 
of pioglitazone in particular, have declined 
following several studies that suggested links 

to congestive heart failure (Singh et al., 2007a), 
and fractures (Loke et al., 2009), and subse-
quent warnings about the risk of cancer of the 
bladder (FDA, 2013a). Prescription trends from 
the Netherlands also declined after regulatory 
warnings concerning fractures and development 
of cancer of the bladder (Ruiter et al., 2012).

Total worldwide sales of pioglitazone were 
US$ 3.34 billion in 2012, with 71% occurring in 
the USA (US$ 2.37 billion). Other nations with 
significant sales of pioglitazone included Japan 
(US$  322 million), India (US$  106 million), 
United Kingdom (US$  71 million) and Italy 
(US$ 66 million) (IMS Health, 2012a).

Pioglitazone was reported in 2.4 million 
drug uses in the USA in 2012, a decline from 6.7 
million reported uses in 2006, according to IMS 
Health National Disease and Therapeutic Index 
data. Based on these same data, approximately 
600 000 patients in the USA were taking piogl-
itazone in 2012 (IMS Health, 2012b). See also 
Fig. 1.1.

Table 1.2 Most commonly reported clinical indications for pioglitazone and rosiglitazone in the 
USA, 2011–2012

Diagnosisa ICD-9 codeb
Drug uses (in thousands) Percentage of total

Pioglitazone Rosiglitazone Pioglitazone Rosiglitazone

Diabetes mellitus NOS 250.001 3500 90 54.0 28.4
Diabetes type II, non-insulin dependent 250.003 2585 126 39.9 39.8
Diabetic nephropathy 250.302 66 7 1.0 2.1
Diabetic neuropathy 250.503 60 – 0.9 –
Diabetic kidney disease 250.301 57 13 0.9 4.1
Diabetes type I, insulin dependent 250.002 45 – 0.7 –
Metabolic/insulin resistant syndrome 277.701 35 60 0.5 18.9
Elevated glucose 790.201 27 – 0.4 –
Polycystic ovary syndrome 256.401 – 7 – 2.1
All other diagnoses – 110 14 1.7 –
Total with reported diagnoses – 6484 316 100.0 100.0

a No diagnosis was stated for 0.3% of drug uses.
b The ICD-9 codes given are a more detailed, proprietary version developed by IMS Health.
NOS, not otherwise specified
From IMS Health (2012b)
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1.4 Occurrence and exposure to 
pioglitazone

1.4.1 Natural occurrence

Pioglitazone is not reported to occur natu-
rally. The production and medicinal use of 
pioglitazone may contaminate the environment 
through various waste streams (Pubchem, 2013). 
If released into the air, pioglitazone is removed 
by wet or dry deposition, since it exists solely 
in the particulate phase in the atmosphere. 
Pioglitazone does not volatilize from dry soil 
surfaces based upon its vapour pressure. If 
released into the water, pioglitazone is expected 
to adsorb to suspended solids and sediment.

1.4.2 Occupational exposure

Occupational exposure to pioglitazone may 
occur through inhalation and dermal contact 
at workplaces where pioglitazone is produced 

or used (Pubchem, 2013). No information was 
available to the Working Group on the potential 
number of workers exposed.

1.5 Regulations and guidelines for 
pioglitazone

Pioglitazone was first approved for use in the 
USA on 15 July 1999 (FDA, 2013b). The Food 
and Drug Administration (FDA) approved a risk 
evaluation and mitigation strategy (REMS) for 
pioglitazone to ensure that the benefits of this 
drug outweighed the risks; however, this REMS 
was later rescinded.

The French Agency for the Safety of Health 
Products (AFFSAPS) suspended the use of medi-
cations containing pioglitazone in 2011, on the 
basis of a French study linking pioglitazone to 
cancer of the bladder (AFFSAPS, 2013). Following 
this study, the Federal Institute for Drugs and 
Medical Devices (BrFAM) in Germany also 

Fig. 1.1 Trends in use of pioglitazone by office-based physicians in the USA
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Prepared by the Working Group from data obtained from IMS Health, National Disease and Therapeutic Index (IMS Health, 2012b).
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recommended the suspension of sales of piogl-
itazone (BrFAM, 2011).

1.6 Chemical and physical data on 
rosiglitazone

1.6.1 Nomenclature

(a) Rosiglitazone

Chem. Abstr. Serv. Reg. No.: 122320-73-4 
(SciFinder, 2013)
Chem. Abstr. Serv. name: 2,4- 
Thiazolidinedione, 5-[[4-[2-(methyl-2-pyrid-
inylamino)ethoxy]phenyl]methyl] (SciFinder, 
2013)
IUPAC Systematic Name: 5-[[4-[2- 
[Met hy l(py r id i n-2-y l)a m i no]et hox y]
phenyl]methyl]-1,3-thiazolidine-2,4-dione 
(Pubchem, 2013)
WHO INN: Rosiglitazone (WHO, 2007)

(b) Rosiglitazone maleate

Chem. Abstr. Serv. Reg. No.: 155141-29-0 
(SciFinder, 2013)
Chem. Abstr. Serv. Name: 2,4- 
Thiazolidinedione, 5-[[4-[2-(methyl-2-pyrid-
inylamino)ethoxy]phenyl]methyl]-, (2Z)-2-
butenedioate (1:1) (SciFinder, 2013)
IUPAC Systematic Name: (Z)-But-2-enedioic 
acid;5-[[4-[2-[methyl(pyridin-2-yl)amino]
ethoxy]phenyl]methyl]-1,3-thiazolidine-2,4-
dione (Pubchem, 2013)
Proprietary Names: Gaudil (Pubchem, 2013); 
Rezult (SciFinder, 2013); Avandia (GSK, 2012)

1.6.2 Structural and molecular formulae and 
relative molecular mass

(a) Rosiglitazone

N
O

N
S

O

O

H

CH3N

C18H19N3O3S
Relative molecular mass: 357.43

(b) Rosiglitazone maleate

N
O

N
S

O

O

H

CH3N

OO

HO OH.

C18H19N3O3S. C4H4O4
Relative molecular mass: 473.50
From O’Neil (2006), SciFinder (2013)

1.6.3 Chemical and physical properties of the 
pure substance

(a) Rosiglitazone

Description: Solid, colourless crystals from 
methanol (O’Neil, 2006)
Melting point: Rosiglitazone: 151–155 °C 
(O’Neil, 2006)
Density: 1.315 ± 0.06 g/cm3 at 20 °C and pres-
sure 760 Torr (SciFinder, 2013)
Spectroscopy data: UV (Venkatesh et al., 
2006), 1H NMR, 13C NMR, IR (potassium 
bromide), and MS have been reported. (Pang 
et al., 2009; Wang & Miksa, 2007)
Solubility: 30.67  µg/mL in water at 25  °C; 
3.79 µg/mL in 0.1 M phosphate buffer at 25 °C 
(Seedher & Kanojia, 2008; Seedher & Kanojia, 
2009); 35.09 µg/mL in 0.15 M NaCl at 25 °C 
(Seedher & Kanojia, 2008); soluble in the mg/
mL range in ethanol, dimethyl sulfoxide, and 
dimethylformamide (Cayman SDS, 2013); 
10.45 mg/L in water at 25 °C (NLM, 2013)
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Octanol/water partition coefficient: Log 
P = 2.78–3.02 (Giaginis et al., 2007)
Vapour pressure: 1.14 × 10–13 mm Hg at 25 °C 
(SciFinder, 2013)

(b) Rosiglitazone maleate

Description: White to off-white solid (O’Neil, 
2006; GSK, 2012)
Melting point: 122–123 °C (O’Neil, 2006)
Solubility: Readily soluble in ethanol and in 
buffered aqueous solution at pH 2.3; solubility 
decreases with increasing pH in the physio-
logical range (O’Neil, 2006; GSK, 2012)
Stability data: Stable for 2 years when stored 
at 4  °C. Stock solutions are stable for up to 
3 months when stored at −20 °C (Enzo PDS, 
2012)

1.6.4 Technical products and impurities

Rosiglitazone maleate is used to formulate 
the finished dosage forms described below.

(a) Trade names

Avandia (GSK, 2012); Roglit 4; Romerol; 
Rosit-2; Sensulin; Tazone-4 (BDdrugs, 2013)

(b) Impurities

• Desmethyl impurity or 5-(4-(2-(pyridin-2-yl-
amino)ethoxy)benzyl)thiazolidine-2,4-dione 
(Krishna et al., 2008)

• Dimer impurity or 5-((2,4-dioxothiazo-
l idin-5-yl)(4-(2-(methyl(pyridin-2-yl)
amino)ethoxy)phenyl)methyl)-5-(4-(2-
(methyl(pyridin-2-yl)amino)ethoxy)benzyl)
thiazolidine-2,4-dione (Krishna et al., 2008)

• Succinate impurity or 2-(5-(4-(2-(methyl- 
(py r id i n-2-y l)a m i no)e t hox y)ben z y l) 
-2,4-dioxothiazolidin-3-yl)succinic acid 
(Krishna et al., 2008)

• 4-(2-(Methyl(pyridin-2-yl)amino)ethoxy)
benzaldehyde (Radhakrishna et al., 2002b)

1.7 Analysis of rosiglitazone

Physical properties used for the identification 
of the substance, e.g. IR and melting point, are 
presented in Section 1.6.3.

Selected non-compendial methods are 
presented in Table  1.1. Rosiglitazone can be 
analysed in different matrices such as plasma, 
serum, urine and formulations, by HPLC and 
with detection by UV or MS. Detection and 
quantification limits for determination of rosigl-
itazone in human serum by HPLC method with 
UV detection are 0.033 µg/mL and 0.102 µg/mL, 
respectively (Sultana et al., 2011). Rosiglitazone 
can be analysed in human plasma with lower 
limit of quantification of 1.00  ng/mL using 
liquid chromatography electrospray ionization 
mass spectrometry (LC-ESI-MS) (O’Maille et al., 
2008). Other analytical methods for detection in 
human urine include square-wave adsorptive 
stripping voltammetry method (Al-Ghamdi & 
Hefnawy, 2012); analysis of formulation can be 
also achieved with capillary electrophoresis with 
UV detection (Yardımcı et al., 2007) or by UV 
spectroscopy (Sireesha et al., 2011).

1.8 Production and use of 
rosiglitazone

1.8.1 Production

Rosiglitazone is produced by dissolving 
2-N-methyl-2-pyridylaminoethanol in dim- 
ethylformamide and adding sodium hydroxide 
under atmospheric nitrogen (Cantello 
et al., 1994; Pubchem Substance, 2013). 
4-Fluorobenzaldehyde is added. The resulting 
mixture is then dissolved in toluene and 
piperidine is added. The compound obtained 
is dissolved in dioxane and hydrogenated at 
room temperature and atmospheric pressure. 
Rosiglitazone is separated by filtration, vacuum 
concentration and recrystallization.



Pioglitazone and rosiglitazone

329

1.8.2 Use

(a) Indications

Rosiglitazone maleate is an antidiabetic agent 
indicated for the improvement of glycaemic 
control in adults with type 2 diabetes mellitus, 
as an adjunct to diet and exercise. Rosiglitazone 
maleate decreases hyperglycaemia by reducing 
insulin resistance in the presence of endogenous 
insulin (Avandia, 2010; Sweetman, 2011).

In the USA, rosiglitazone maleate is only 
indicated for patients already using rosiglitazone, 
or for those not taking rosiglitazone and who 
have been unable to achieve adequate glycaemic 
control using other diabetes medications, or who 
have decided not to take pioglitazone (Avandia, 
2010). In the USA, the most commonly reported 
indication for rosiglitazone is type 2 diabetes 
mellitus (see Table 1.2).

Rosiglitazone is also used for off-label indi-
cations such as polycystic ovarian syndrome and 
insulin resistance syndrome.

Side-effects include fluid retention, conges-
tive heart failure, and liver disease (Pubchem 
Substance, 2013).

(b) Dosage

Rosiglitazone is available as tablets of 2 mg, 
4  mg, and 8  mg. Rosiglitazone is also avail-
able in combination with glimeperide or with 
metformin. Rosiglitazone is started at a dose of 
4 mg and can be titrated up to a dose of 8 mg, if 
inadequate response is obtained in combination 
with metformin or sulfonylureas (Sweetman, 
2011).

(c) Trends in use

Total worldwide sales of rosiglitazone in 
2012 were US$ 43 million, a decline from much 
higher levels in the previous decade (IMS Health, 
2012a). In 2012, there were limited, if any, sales 
in most countries of the European Union as a 
consequence of the decision of the European 
Medicines Agency to suspend marketing of this 

medication in September 2010 (EMA, 2010). 
Countries with appreciable continuing sales 
included China (US$ 12 million), Canada (US$ 11 
million), Mexico (US$  7 million), Australia 
(US$  3 million), USA (US$  3 million), and 
Argentina (US$ 3 million). The use of rosiglita-
zone rapidly declined in the USA after increased 
risk of cardiovascular disease associated with 
use of rosiglitazone was reported in May 2007 
(Nissen & Wolski, 2007; Singh et al., 2007b).

Rosiglitazone was reported as 105 000 drug 
uses in the USA in 2012, down from 6.7 million 
uses in 2005 (IMS Health, 2012b; see Fig.  1.2). 
Approximately 10 000 patients in the USA were 
taking rosiglitazone in 2012, down from about 
40 000 in 2011 (IMS Health, 2012b).

Prescribing trends from the Netherlands 
show a decline in prescriptions for rosiglita-
zone after regulatory warnings (Ruiter et al., 
2012). Since the marketing authorization for 
rosiglitazone was suspended, rosiglitazone is no 
longer available for use in Europe (EMA, 2010). 
Prescriptions for rosiglitazone have also declined 
in several other countries across Asia, such as 
Taiwan, China (Lu & Li, 2013).

1.9 Occurrence and exposure to 
rosiglitazone

1.9.1 Natural occurrence and environmental 
fate

Rosiglitazone is not reported to occur natu-
rally. The production and use of rosiglitazone 
may result in its release to the environment 
through various waste streams. If released to air, 
it will exist solely in the particulate phase and 
will be removed from the atmosphere by wet or 
dry deposition (Pubchem Substance, 2013).



IARC MONOGRAPHS – 108

330

1.9.2 Occupational exposure

Occupational exposure to rosiglitazone may 
occur through inhalation of dust and via dermal 
contact at workplaces where rosiglitazone is 
produced or used (Pubchem Substance, 2013). No 
information was available to the Working Group 
on the potential number of workers exposed.

1.10 Regulations and guidelines for 
rosiglitazone

In the USA, rosiglitazone is only available 
under a REMS, and approved by FDA on the 
basis of safety and effectiveness (DHHS/FDA, 
2007; Woodcock et al., 2010). The marketing 
authorization for rosiglitazone was withdrawn in 

Europe (EMA, 2010), where rosiglitazone is no 
longer in use after being linked in several studies 
to an increase in the risk of myocardial infarc-
tion (Nissen & Wolski, 2007; Singh et al., 2007b).

In June 2013, an FDA advisory committee 
meeting was held to discuss the re-adjudication 
of data on cardiovascular events associated with 
rosiglitazone from a large randomized controlled 
trial (FDA, 2013c). The advisory committee 
recommended that restrictions on rosiglitazone 
be lessened, since re-adjudication did not reveal 
a statistically significant increase in the risk of 
cardiovascular events.

Fig. 1.2 Trends in use of rosiglitazone by office-based physicians in the USA
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Prepared by the Working Group from data obtained from IMS Health, National Disease and Therapeutic Index (IMS Health, 2012b).
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2. Cancer in Humans

Thiazolidinediones (rosiglitazone, pioglita-
zone and troglitazone) have been used as orally 
administered glucose-lowering drugs in patients 
with type 2 diabetes mellitus. Rosiglitazone and 
pioglitazone were introduced to the market at 
about the same time (1999 in the USA, and 2001 
and 2002 for rosiglitazone and pioglitazone, 
respectively, in Taiwan, China; Tseng, 2012d). 
Some patients may therefore have been exposed 
to both drugs, which were sometimes prescribed 
sequentially. Troglitazone was marketed for only 
a short period (1997–2000), before being with-
drawn from the world market subsequent to 
reports of fatal hepatotoxicity (Julie et al., 2008).

There was a concern regarding the poten-
tial for ascertainment bias in the observational 
studies, since differences in the intensity and 
frequency of ascertainment between the piogli-
tazone and control groups were unknown. Since 
pioglitazone is associated with an increased risk 
of oedema and congestive heart failure, patients 
taking pioglitazone were potentially more likely 
to undergo more frequent urine analysis, which 
could lead to detection of microscopic haema-
turia, more frequent cystoscopies, and eventually 
a diagnosis of cancer of the bladder.

Pioglitazone and rosiglitazone may have 
different effects on the risk of cancer and the 
Working Group therefore evaluated these 
compounds separately, whenever data were avail-
able. Studies that reported results for non-specific 
thiazolidinediones were considered uninforma-
tive by the Working Group and are not cited in 
this Monograph.

Several of the studies on these agents were 
based on analyses of large databases from France, 
the United Kingdom, the USA, and Taiwan, 
China, which are briefly described below. 
Associations of multiple cancers with specific 
thiazolidinediones were reported (see Table 2.1)

The French health insurance databases 
SNIIRAM (Système national d’information 
inter-régimes de l’Assurance maladie) and PMSI 
(Programme de médicalisation des systèmes d’in-
formation) cover all employees and represent 
approximately 75% of the French population. 
These databases contain all reimbursement data 
for the patients’ health expenditure, including 
medication and outpatient medical and nursing 
care prescribed or performed by health-care 
professionals. International Classification of 
Diseases 10th Revision (ICD-10) codes are 
applied in the databases and hospital discharge 
information can be linked. To evaluate the asso-
ciation between the use of pioglitazone or rosigl-
itazone and risk of various cancers, a cohort of 
1 491 060 diabetic patients (aged 40–79 years on 
31 December 2006) from this national health 
insurance scheme was created. Patients included 
had filled at least one prescription for an anti-
diabetic drug (i.e. metformin, sulfonylurea, 
pioglitazone, rosiglitazone, other oral antidi-
abetic drugs and/or insulin) in 2006. Patients 
were excluded if they had cancer of the bladder 
diagnosed before study entry or within the first 
6 months after study entry. Diagnosis of cancer 
of the bladder or other cancers was followed up 
until 31 December 2009 (Neumann et al., 2012). 
[The Working Group noted that the period of 
follow-up was only 3 years. It was unclear which 
drugs patients may have used in the past, before 
enrollment into the cohort.]

In the United Kingdom, The Health 
Improvement Network (THIN) database (since 
2003), managed by the Medicines and Healthcare 
Products Regulatory Agency, MHRA) is similar 
in structure and content to the General Practice 
Research Database (GPRD, 1994–2002), which 
provides electronic medical records of approxi-
mately 10 million patients living in the United 
Kingdom [the Working Group estimated a 50% 
overlap in the two databases]. Data available 
include demographic information, medical diag-
noses (using Read codes, a standard classification 
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Reference 
Location, 
follow-up 
period

Total No. of 
subjects

Exposure 
assessment

Organ site (ICD 
code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Bladder cancer
Lewis et al. 
(2011)a 
KPNC, USA, 
1997–2008

193 099 Prescription 
records

Bladder (linkage 
with KPNC 
cancer registry)

Pioglitazone Included diabetic patients aged 
≥ 40 yr between 1997 and 2002. 
Numbers of cases reported 
as median incidence rate per 
100 000 person-years.

Never use 791 1.00 (ref.)
Ever use 90 1.2 (0.9–1.5)
Time since starting (mo):
< 18 NR 1.2 (0.8–1.7)
18–36 NR 1.4 (0.9–2.1)
> 36 NR 1.3 (0.9–1.8)
P for trend 0.07
Duration of therapy 
(mo):
< 12 NR 0.8 (0.6–1.3)
12–24 NR 1.4 (0.9–2.1)
> 24 NR 1.4 (1.03–2.0)
P for trend 0.03
Cumulative dose (mg):
1–10 500 NR 1.0 (0.7–1.5)
10 501–28 000 NR 1.2 (0.8–1.8)
> 28 000 NR 1.4 (0.96–2.1)
P for trend 0.08

Neumann 
et al. (2012)  
France, 
2006–9

1 491 060 
(pioglitazone 
exposed: 
n = 155 535)

Prescription 
records

Bladder 
(discharge 
diagnosis with 
ICD-10 C67, 
combined 
with specific 
aggressive 
treatment)

Pioglitazone (+) vs (–): Age, sex (when applicable), and 
exposure to glucose-lowering 
drugs. 
Patients with diabetes in two 
large national linked databases: 
health insurance system 
(SNIIRAM) and hospitalization 
(PMSI), 2006–2009. Age range: 
40–79 yr; lack of consideration 
of potential confounders like 
smoking and comorbidities.

Both sexes 2016 1.22 (1.05–1.43)
Men 1790 1.28 (1.09–1.51)
Women 226 0.78 (0.44–1.37)
Rosiglitazone (+) vs (–):
Both sexes 2016 1.08 (0.92–1.26)
Men 1790 1.10 (0.93–1.30)
Women 226 0.89 (0.53–1.49)
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Reference 
Location, 
follow-up 
period

Total No. of 
subjects

Exposure 
assessment

Organ site (ICD 
code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Neumann et 
al. (2012)  
France, 
2006–9
(cont.)

Pioglitazone (–), both 
sexes

1.00 (ref.) Age, sex (when applicable), 
level of pioglitazone use (i.e. 
cumulative dose and duration 
of exposure, respectively) and 
exposure to other glucose-
lowering drugs

Cumulative dose (mg):
< 10 500 NR 1.12 (0.89–1.40)
10 500–27 999 NR 1.20 (0.93–1.53)
≥ 28 000 NR 1.75 (1.22–2.50)
Duration of exposure (d):
< 360 NR 1.05 (0.82–1.36)
360–719 NR 1.34 (1.02–1.75)
≥ 720 NR 1.36 (1.04–1.79)
Pioglitazone (–), men 1.00 (ref.)
Cumulative dose (mg):
< 10 500 NR 1.17 (0.92–1.48)
10 500–27 999 NR 1.24 (0.96–1.60)
≥ 28 000 NR 1.88 (1.30–2.71)
Duration of exposure (d):
< 360 NR 1.10 (0.84–1.43)
360–719 NR 1.39 (1.06–1.84)
≥ 720 NR 1.44 (1.09–1.91)
Pioglitazone (–), women 1.00 (ref.)
Cumulative dose (mg):
< 10 500 NR 0.77 (0.36–1.65)
10 500–27 999 NR 0.84 (0.35–2.06)
≥ 28 000 NR 0.57 (0.08–4.11)
Duration of exposure (d):
< 360 NR 0.76 (0.34–1.72)
360–719 NR 0.87 (0.32–2.35)
≥ 720 NR 0.71 (0.22–2.23)

Table 2.1   (continued)
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Reference 
Location, 
follow-up 
period

Total No. of 
subjects

Exposure 
assessment

Organ site (ICD 
code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Wei et al. 
(2013)b 
General 
Practice 
Research 
Database, 
United 
Kingdom, 
2001–10

207 714 
(pioglitazone 
exposed, 
23 548; 
unexposed, 
184 166)

Prescription 
records

Bladder 
(database 
records)

Pioglitazone (yes vs no) 869 1.16 (0.83–1.62) Type 2 diabetes patients aged 
≥ 40 yr. HR, 1.22 (95% CI, 
0.80–1.84) in a propensity-
matched analysis done in a group 
of patients without missing data 
on baseline characteristics

Tseng (2012a)c 
Taiwan, 
China, 
2006–9

54 928 Medical 
reimbursement 
records in the 
Taiwan, China, 
National Health 
Insurance 
database

Bladder  
(ICD-9 188)

Pioglitazone
Never-users 155 1.00 (ref.)
Ever-users 10 1.31 (0.66–2.58)
Time since starting (mo):
< 18 4 1.38 (0.49–3.83)
18–36 5 1.54 (0.62–3.84)
> 36 1 0.65 (0.09–4.77)
P for trend 0.6352
Duration of therapy 
(mo):
< 12 8 1.54 (0.73–3.26)
≥ 12 2 0.82 (0.20–3.35)
P for trend 0.6919
Cumulative dose (mg):
1–10 500 8 1.45 (0.69–3.06)
> 10 500 2 0.94 (0.23–3.84)
P for trend 0.7125

Table 2.1   (continued)
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Reference 
Location, 
follow-up 
period

Total No. of 
subjects

Exposure 
assessment

Organ site (ICD 
code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Tseng (2013a)d 
Taiwan, 
China, 
2006–9

547 584 
diabetic men

Medical 
reimbursement 
records in the 
Taiwan, China, 
National Health 
Insurance 
database

Bladder (ICD-9 
188)

Pioglitazone (yes vs no) 1869 1.02 (0.75–1.39) Benign prostatic hyperplasia 
is a significant risk factor for 
bladder cancer in diabetic men. 
The hazard ratios for pioglitazone 
and rosiglitazone are estimated 
in diabetic men with benign 
prostatic hyperplasia.

Rosiglitazone (yes vs no) 1869 1.12 (0.92–1.37)

Fujimoto et al. 
(2013)  
Japan, 
2000–11

21 335 Hospital 
records

Bladder Pioglitazone (yes vs no) 170 1.75 (0.89–3.45) NR, probably not adjusted. 
Single centre, lack of adjustment 
for confounders.

Colorectal cancer
Neumann 
et al. (2012)e  
France, 
2006–9

1 485 146 Prescription 
records

Colorectum 
(ICD-10 C18 to 
C21)

Pioglitazone (+) vs (–) 10 618 0.97 (0.90–1.05) Age, sex (when applicable), and 
exposure to glucose-lowering 
drugs

Rosiglitazone (+) vs (–) 10 618 0.88 (0.82–0.95)

Tseng (2012b)e 
Taiwan, 
China, 2003–5

995 843 Reimbursement 
databases

Colon (ICD-9 
153)

Pioglitazone (yes vs no) 3 versus 
2386

0.78 (0.25–2.49)

Rosiglitazone (yes vs no) 29 vs 
2360

1.22 (0.81–1.84)

Ferrara et al. 
(2011)  
KPNC, USA, 
1997–2005

252 467 Prescription 
records

Colon Never-use of other TZD 1.00 (ref.)
Ever-use of other TZD 1260 1.1 (0.8–1.5)
Never-use of pioglitazone 1.00 (ref.)
Ever-use of pioglitazone 1260 0.9 (0.7–1.1)

Lung cancer
Ferrara et al. 
(2011)f 
KPNC, USA, 
1997–2005

252 467 Prescription 
records

Lung/bronchus 
(linkage with 
KPNC cancer 
registry)

Never-use of other TZD 1.00 (ref) Ten categories of cancer sites, 
diabetic patients aged ≥ 40 yrEver-use of other TZD 1637 0.9 (0.6–1.3)

Never-use of pioglitazone 1.00 (ref.)
Ever-use of pioglitazone 1637 1.0 (0.8–1.3)

Neumann 
et al. (2012)  
France, 
2006–9

1 493 472 Prescription 
records

Lung (ICD-10 
C33 and C34)

Pioglitazone (+) vs (–) 9298 0.94 (0.87–1.02) Age, sex, and exposure to 
glucose-lowering drugsRosiglitazone (+) vs (–) 9298 0.91 (0.84–0.99)

Table 2.1   (continued)
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Reference 
Location, 
follow-up 
period

Total No. of 
subjects

Exposure 
assessment

Organ site (ICD 
code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Prostate cancer
Ferrara et al. 
(2011)f 
KPNC, USA, 
1997–2005

252 467 Prescription 
records

Prostate (linkage 
with KPNC 
cancer registry)

Never-use of other TZD 1.00 (ref.) Ten categories of cancer sites. 
Diabetic patients aged ≥ 40 yrEver-use of other TZD 2105 1.0 (0.7–1.3)

Never-use of pioglitazone 1.00 (ref.)
Ever-use of pioglitazone 2105 1.0 (0.8–1.2)

Tseng (2011)g 
Taiwan, 
China, 2003–5

494 630 Medical 
reimbursement 
records in the 
Taiwan, China, 
National Health 
Insurance 
database

Prostate  
(ICD-9 185)

Pioglitazone (yes vs no) 889 0.77 (0.10–5.75)
Rosiglitazone (yes vs no) 889 0.88 (0.43–1.80)

Breast cancer
Ferrara et al. 
(2011)  
KPNC, USA, 
1997–2005

252 467 Prescription 
records

Female breast 
(linkage with 
KPNC cancer 
registry)

Never-use of other TZD 1.0 (ref.)
Ever-use of other TZD 1561 0.9 (0.7–1.2)
Never-use of pioglitazone 1.0 (ref.)
Ever-use of pioglitazone 1561 1.0 (0.8–1.3)

Neumann 
et al. (2012)  
France, 
2006–9

671 510 Prescription 
records

Female breast 
(ICD-10 C50)

Pioglitazone (+) vs (–) 6820 0.91 (0.83–1.00) Age, sex, and exposure to 
glucose-lowering drugsRosiglitazone (+) vs (–) 6820 0.80 (0.73–0.88)

Table 2.1   (continued)
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Reference 
Location, 
follow-up 
period

Total No. of 
subjects

Exposure 
assessment

Organ site (ICD 
code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Other cancers
Ferrara et al. 
(2011)  
KPNC, USA, 
1997–2005

252 467 Prescription 
records

Linkage with 
KPNC cancer 
registry

Never-use of other TZD 1.00 (ref.)

NHL Ever-use of other TZD 569 0.7 (0.4–1.2)
Corpus uterus Ever-use of other TZD 552 1.2 (0.8–1.9)
Pancreas Ever-use of other TZD 431 1.0 (0.6–1.8)
Kidney/renal 
pelvis

Ever-use of other TZD 430 1.3 (0.7–2.3)

Rectum Ever-use of other TZD 390 0.7 (0.4–1.5)
Melanoma Ever-use of other TZD 373 1.0 (0.5–1.8)

Never-use of pioglitazone 1.00 (ref.)
NHL Ever-use of pioglitazone 569 1.3 (1.0–1.8)
Corpus uterus Ever-use of pioglitazone 552 1.1 (0.8–1.5)
Pancreas Ever-use of pioglitazone 431 1.2 (0.8–1.7)
Kidney/renal 
pelvis

Ever-use of pioglitazone 430 0.7 (0.4–1.1)

Rectum Ever-use of pioglitazone 390 1.2 (0.8–1.8)
Melanoma Ever-use of pioglitazone 373 1.3 (0.9–2.0)

Neumann 
et al. (2012) 
France, 
2006–9

1 495 787 Prescription 
records

Kidney (ICD-10 
C64)

Pioglitazone (+) vs (–) 2861 0.91 (0.79–1.06) Age, sex, and exposure to 
glucose-lowering drugsRosiglitazone (+) vs (–) 2861 0.98 (0.86–1.13)

1 495 411 Head and neck 
(ICD-10 C00 to 
C14)

Pioglitazone (+) vs (–) 2868 0.85 (0.73–0.99) Age, sex, and exposure to 
glucose-lowering drugsRosiglitazone (+) vs (–) 2868 0.79 (0.67–0.92)

Tseng (2012c)h 
Taiwan, 
China, 
1996–2005

999 730 Reimbursement 
databases

Thyroid (ICD-9 
193)

Pioglitazone (yes vs no) 943 0.52 (0.07–3.93)
Rosiglitazone (yes vs no) 0.67 (0.23–1.95)

Table 2.1   (continued)
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Reference 
Location, 
follow-up 
period

Total No. of 
subjects

Exposure 
assessment

Organ site (ICD 
code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Tseng (2013c)i 
Taiwan, 
China, 2003–5

998 540 Reimbursement 
databases

Oral cavity, lip, 
and pharynx  
(ICD-9 140, 141, 
143, 144, 145, 
146, 148, and 
149)

Pioglitazone (yes vs no) 766
Men 1.70 (0.22–13.20)
Women no incident cases 

of oral cancer
Rosiglitazone (yes vs no)
Men 1.15 (0.44–3.04)
Women 0.90 (0.20–3.98)

a Age, sex, race/ethnicity, current smoking, renal function, bladder condition, congestive heart failure, income, baseline A1C, newly diagnosed with diabetes at start of follow-up, 
duration of diabetes, other cancer before baseline, other diabetic medications (other TZDs, metformin, sulfonylureas, other oral hypoglycaemic drugs, insulin).
b Age, sex, duration of diabetes, smoking status and BMI before entry into the study, and insulin treatment and number and type of different oral hypoglycaemic drug classes used 
during the follow-up period.
c Age, sex, diabetes duration, nephropathy, urinary-tract disease, hypertension, COPD, cerebrovascular disease, IHD, peripheral arterial disease, eye disease, dyslipidaemia, heart 
failure, rosiglitazone, sulfonylurea, meglitinide, metformin, acarbose, insulin, statin, fibrate, angiotensin-converting enzyme inhibitor/angiotensin-receptor blocker, Ca-channel 
blocker, region of residence, occupation, and other cancer before baseline.
d Age, diabetes duration, nephropathy, urinary-tract diseases, hypertension, COPD, cerebrovascular disease, IHD, peripheral arterial disease, eye disease, dyslipidaemia, heart failure, 
obesity, alcohol-related diagnosis, non-alcohol-related chronic liver disease, rosiglitazone/pioglitazone, sulfonylurea, meglitinide, metformin, acarbose, insulin, statin, fibrate, ACEI/
ARB, Ca-channel blockers, α-blockers, 5-α reductase inhibitors, clopidogrel, ticlopidine, dipyridamole, cyclophosphamide, diuretics, other cancer before baseline and potential 
detection examinations.
e Age, sex, diabetes, hypertension, COPD, asthma, stroke, nephropathy, IHD, peripheral arterial disease, eye disease, dyslipidaemia, obesity, statin, fibrate, ACEI/ARB, Ca-channel 
blocker, aspirin, dipyridamole, clopidogrel/ticlopidine, NSAIDs, sulfonylurea, metformin, insulin, acarbose, rosiglitazone, region of residence, occupation, and colon-cancer detection 
examinations.
f Age, ever use of other diabetes medications, year of cohort entry, sex, race/ethnicity, income, current smoking, baseline HbA1c, diabetes duration, new diabetes diagnosis, creatinine, 
and congestive heart failure.
g Age, diabetes duration, hypertension, COPD, stroke, nephropathy, IHD, peripheral arterial disease, eye disease, obesity, dyslipidaemia, statin, fibrate, ACEI/ARB, Ca-channel blocker, 
sulfonylurea, metformin, insulin, acarbose, rosiglitazone, region of residence, and occupation.
h Age, sex, diabetes, living region, occupation, detection examination, hypertension, COPD, stroke, nephropathy, IHD, peripheral arterial disease, eye disease, obesity, dyslipidaemia, 
benign thyroid disease, other cancer, sulfonylurea, metformin, insulin, acarbose, pioglitazone/rosiglitazone, statin, fibrate, ACEI/ARB, Ca-channel blocker, aspirin, ticlopidine, 
clopidogrel, NSAIDs.
i  Age, diabetes, obesity, hypertension, COPD, alcohol-related diagnoses, stroke, nephropathy, IHD, peripheral arterial disease, eye disease, dyslipidaemia, statin, fibrate, ACEI/ARB, 
Ca-channel blockers, sulfonylurea, metformin, insulin, acarbose, pioglitazone/rosiglitazone, living region, occupation, potential detection.
ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BMI, body mass index; Ca, calcium; COPD, chronic obstructive pulmonary disease; d, day; 
HbA1c, glycated haemoglobin; HR, hazard ratio; IHD, ischaemic heart disease; KPNC, Kaiser Permanente Northern California; mo, month; NHL, non-Hodgkin lymphoma; NR, not 
reported; NSAIDs, nonsteroidal anti-inflammatory drugs; PMSI, Programme de médicalisation des systèmes d’information; ref., reference; SNIIRAM, Système national d’information 
inter-régimes de l’Assurance maladie; TZD, thiazolidinediones; vs, versus; yr; year

Table 2.1   (continued)
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system used in the United Kingdom primary-
care settings), lifestyle, and measures taken 
during clinical practice. The database is regu-
larly updated and practitioners contributing 
data receive training for consistency in data 
recording. Studies conducted by Wei et al. (2013) 
and Azoulay et al. (2012) used this database.

In the USA, the Kaiser Permanente Northern 
California (KPNC) pharmacy database covers 
3.2 million members of this health plan (approx-
imately 30% of the population of the area) and 
includes outpatient prescriptions dispensed 
at a KPNC pharmacy. Approximately 95% of 
members fill their prescriptions at KPNC phar-
macies. The KPNC diabetes registry gathers 
longitudinal electronic medical records and 
clinically related data for patients with diabetes 
from the following sources: primary hospi-
tal-discharge diagnoses of diabetes, two or 
more outpatient-visit diagnoses of diabetes, any 
prescription of a diabetes-related medication, 
or any record of glycated haemoglobin (HbA1c) 
>  6.7%. The database includes information of 
cancer registries, pharmacy records, laboratory 
records, and inpatient and outpatient medical 
diagnoses. Patients who met any of the following 
criteria were eligible for forming a cohort for 
the analysis of the association between pioglita-
zone use and risk of cancer referred to in this 
Monograph: (i) as of 1 January 1997, diagnosed 
with diabetes, aged ≥ 40 years, and members 
of KPNC; (ii) diagnosed with diabetes, reached 
age 40 years between 1 January 1997 and 31 
December 2002, and were KPNC members on 
their 40th birthday; or (iii) having diabetes and 
aged ≥ 40 years when joining KPNC between 1 
January 1997 and 31 December 2002. A total of 
193 099 patients (30 173 ever-users and 162 926 
never-users of pioglitazone) were followed and a 
mid-point interim analysis was published in 2011 
(Lewis et al., 2011).

Several independent groups (Tseng, 2011, 
2012a, 2012b, 2013a; Chang et al., 2012) used the 
reimbursement databases of the National Health 

Insurance of Taiwan, China, for evaluating the 
association between use of thiazolidinediones 
and risk of various cancers. Since March 1995, 
a compulsory and universal system of health 
insurance (National Health Insurance) has been 
implemented in Taiwan, China. All contracted 
medical institutes must submit computerized 
and standard claim documents for reimburse-
ment. More than 99% of the population of 23 
million people were enrolled in this insurance 
system, and >  98% of the hospitals nationwide 
were under contract with the insurance. The 
average number of annual physician visits in 
Taiwan, China, is one of the highest around the 
world, at approximately 15 visits per year per 
capita in 2009. The National Health Research 
Institute is the only institute approved, as per 
local regulations, for handling these reimburse-
ment databases for academic research. The data-
bases contain detailed records on every visit for 
each patient, including outpatient visits, emer-
gency-department visits, and hospital admis-
sion. The databases also include principal and 
secondary diagnostic codes, prescription orders, 
and claimed expenses. Certain computerized 
databases, including a database from the national 
cancer registry (with a high level of complete-
ness), are also available for data linkage. Most 
studies used the International Classification of 
Diseases Ninth Revision, Clinical Modification 
(ICD-9-CM) codes for disease or cancer diag-
nosis, with or without data linkage with the 
cancer registry. [The Working Group noted that 
there may have been a detection bias associated 
with this database because of the high number of 
patient visits per capita.]

2.1 Cancer of the bladder

See Fig. 2.1
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2.1.1 Clinical trial

The potential risk of cancer of the bladder 
associated with exposure to pioglitazone in 
humans was first raised by the large randomized 
PROspective pioglitAzone Clinical Trial In 
macroVascular Events (PROactive), which showed 
an imbalance of incident cases of cancer of the 
bladder, with greater number in patients rand-
omized to pioglitazone than to placebo (14 cases 
versus 6 cases, or 0.5% versus 0.2%; P = 0.069) 
(Dormandy et al., 2005). [Insufficient data were 
provided to calculate a risk estimate. The aim of 
the PROactive clinical trial was primarily to eval-
uate macrovascular events associated with use of 
pioglitazone. The Working Group also noted that 
11 out of the 20 cases of cancer of the bladder 

were diagnosed within 1 year of randomization, 
which might have precluded a cause–effect rela-
tionship.] After excluding one case of previously 
diagnosed cancer of the bladder in the placebo 
group (found later to show benign histology), 
Hillaire-Buys et al. (2011) recalculated the crude 
relative risk of cancer of the bladder for pioglita-
zone versus placebo in PROactive as 2.83 (95% CI, 
1.02–7.85; P value for Fisher exact test = 0.04). [In 
a randomized controlled trial, the confounders 
are balanced at baseline and any differences in 
ascertainment are likely to be non-differential. 
The Working Group noted these findings in light 
of the very low incidence of cancer of the bladder. 
After excluding the eleven cases of cancer of the 
bladder diagnosed within 1 year of randomiza-
tion, one with benign histology in the placebo 

Fig. 2.1 Risk of cancer of the bladder associated with ever-use or never-use of pioglitazone or 
rosiglitazone, by study designa

a  Weights are from random-effects analysis
Compiled by the Working Group 
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group, and six with known risk factors for cancer 
of the bladder, only three cases remained – two in 
the group receiving pioglitazone and one in the 
placebo group.]

2.1.2 Cohort studies

See Table 2.1
Lewis et al. (2011) studied the incidence of 

cancer of the bladder among 193 099 members of 
the KPNC health plan who were enrolled in the 
plan’s diabetes registry and were aged ≥ 40 years 
between 1997 and 2002. The registry routinely 
compiled electronic medical records data from 
various sources, including cancer registries, phar-
macy records, laboratory records, and medical 
diagnoses. Incident cases of cancer of the bladder 
were identified from 2002 to 2008 via the KPNC 
cancer registry and ever-use of specific diabetes 
medications (defined as two or more prescrip-
tions within 6 months) was determined from the 
pharmacy database. In the mid-point interim 
analysis of a 10-year longitudinal KPNC cohort 
study in the USA (Lewis et al., 2011), the overall 
hazard ratio was 1.2 (95% CI, 0.9–1.5) for cancer of 
the bladder for ever-users of pioglitazone versus 
never-users; patients who used pioglitazone for 
> 24 months showed a risk with adjusted hazard 
ratio of 1.4 (95% CI, 1.03–2.0). [Although adjust-
ment for smoking was a strength of this study, 
only current smoking was considered, which 
may not have fully controlled for confounding.]

Neumann et al. (2012) analysed the risk of 
cancer of the bladder associated with exposure 
to pioglitazone and rosiglitazone in a cohort 
of 1 491 060 diabetic patients aged 40–79 years 
who had been prescribed at least one dose of 
glucose-lowering drugs in 2006. Subjects were 
followed between 2006 and 2009 using the French 
national health insurance information system 
(SNIIRAM) linked with the French hospital 
discharge database (PMSI). Overall, 2016 cases 
of cancer of the bladder were identified (men, 
1790 cases; and women, 226 cases). Patients were 

excluded if they had an occupationally related 
cancer of the bladder, or if they were diagnosed 
before entry or within the first 6  months after 
study entry. Patients were followed up for a mean 
of 39.9  months (27.4  months due to exposure), 
starting 6 months after study entry. Ten percent 
of the patients (155  535 out of 1  491  060) took 
a minimum of two prescriptions for pioglita-
zone over 6 consecutive months. Compared 
with non-use, the estimated hazard rate ratio 
for cancer of the bladder associated with use of 
pioglitazone was 1.22 (95% CI, 1.05–1.43) and 
for rosiglitazone was 1.08 (95% CI, 0.92–1.26), 
after adjustment for age, sex, and exposure to 
glucose-lowering drugs. Dose–response analyses 
were available only for pioglitazone and showed 
increasing hazard ratios with increasing dura-
tion and cumulative dose. The hazard ratios for 
cumulative doses of < 10 500, 10 500–27 999 and 
≥ 28 000 mg compared with never-users of piogl-
itazone was 1.12 (95% CI, 0.89–1.40), 1.20 (95% CI, 
0.93–1.53) and 1.75 (95% CI, 1.22–2.50), respec-
tively; and were 1.05 (95% CI, 0.82–1.36), 1.34 
(95% CI, 1.02–1.75) and 1.36 (95% CI, 1.04–1.79), 
respectively, for duration of exposure <  360, 
360–719 and ≥ 720 days compared with never-
users. [Smoking was not accounted for in the 
analyses and therefore may have confounded the 
reported results. Sex-specific analyses suggested 
an association observed only in men, but not in 
women. Data on smoking were not available for 
adjustment. Since pioglitazone is usually used 
as a second- or third-line antidiabetic drug, 
users of pioglitazone may have had longer dura-
tion of diabetes, poorer glycaemic control, and 
higher rates of chronic diabetic complications 
and comorbidities. All these characteristics may 
affect the risk of cancer of the bladder (Perez, 
2013; Tseng, 2012d). The length of follow-up 
limited evaluation of the long-term impact of 
treatment.]

In a matched cohort study by Wei et al. 
(2013) that used a propensity score approach 
(derived from baseline characteristics of age, sex, 
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smoking, body mass index, and diabetes dura-
tion), the association between use of pioglitazone 
and risk of cancer of the bladder was assessed 
in patients with type 2 diabetes using the 
General Practice Research Database. Between 
2001 and 2010, 207 714 patients aged ≥ 40 years 
were studied: 23  548 users of pioglitazone and 
184  166 patients receiving other antidiabetic 
medications. Follow-up started at the date of 
first prescription for pioglitazone or other oral 
antidiabetic drugs during the study period and 
ended in December 2010. Patients with a cancer 
diagnosis before the entry date or less than 90 
days of follow-up time were excluded. Incident 
cases of cancer of the bladder were obtained from 
general practitioner records during follow-up. 
Hazard ratios were computed, comparing the 
risk of developing cancer of the bladder in the 
group receiving pioglitazone and in the group 
receiving treatment with other oral antidiabetic 
drugs. A propensity score matched analysis was 
used in patients without missing data on base-
line characteristics to minimize confounding by 
indication (n = 34 498). The following potential 
confounders were included: smoking status, age, 
sex, duration of diabetes from first diagnosis to 
the first treatment with oral antidiabetic drug 
during the study period, body mass index before 
entry into the study, and insulin treatment and 
number and type of different oral antidiabetic 
drug classes used during follow-up. During 
the study period, 66 new cases of cancer of the 
bladder (mean follow-up time, 3.5 years) occurred 
in the pioglitazone group, and 803 cases in the 
group receiving other oral antidiabetic drugs 
(mean follow-up time, 5.3  years) (adjusted HR, 
1.16; 95% CI, 0.83–1.62). [The use of a propensity 
score to control for confounding by adjustment 
was a strength of this study. There was a poten-
tial overlap in the studied population because the 
authors used a similar database to that used by 
Azoulay et al. (2012).]

The National Health Insurance of Taiwan, 
China, was used to conduct several analyses of 

cancer of the bladder associated with the use of 
thiazolidinediones (Tseng, 2012a, 2013a, b).

Tseng (2012a) followed a random sample 
of 54  928 patients with type 2 diabetes in the 
reimbursement databases of the National Health 
Insurance for 4 years from 1 January 2006 to 31 
December 2009. Among 165 incident cases of 
cancer of the bladder, 10 (0.39%) were ever-users 
and 155 (0.30%) were never-users of pioglitazone, 
and were not necessarily using other antidiabetic 
drugs. The hazard ratio for ever-users versus 
never-users of pioglitazone was 1.31 (95% CI, 
0.66–2.58) after adjustment for age, sex, diabetes 
duration, various comorbidities, and medica-
tions. Dose–response relationships were also 
evaluated, but no trend was observed. [Smoking 
and body mass index were not available for anal-
yses from the databases.]

In a second study drawn from the entire data-
base of the National Health Insurance of Taiwan, 
China, Tseng (2013a) evaluated the risk of cancer 
of the bladder associated with use of pioglitazone 
and rosiglitazone in a subgroup of 85 152 men 
with type 2 diabetes and benign prostatic hyper-
plasia. The hazard ratios (HR) for cancer of the 
bladder among the diabetic patients with benign 
prostatic hyperplasia for ever-users of pioglita-
zone (HR, 1.02; 95% CI, 0.75–1.39) and rosigli-
tazone (HR, 1.12; 95% CI, 0.92–1.37) were close 
to 1.0. [The study was not primarily aimed at 
analysing the risk of cancer of the bladder asso-
ciated with use of pioglitazone or rosiglitazone, 
and therefore no dose–response relationship was 
assessed. Smoking and body mass index could 
not be adjusted for because of lack of such infor-
mation in the databases. There was a concern 
over overlapping of the study population with 
that of Tseng (2012a).]

In a third study drawn from the entire data-
base of the National Health Insurance of Taiwan, 
China, Tseng (2013b) evaluated the association 
between use of rosiglitazone and risk of cancer of 
the bladder after excluding patients who had ever 
been exposed to pioglitazone. A total of 885 236 
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patients with type 2 diabetes and receiving oral 
antidiabetic agents (except pioglitazone) and/or 
insulin were studied for incidence of cancer of 
the bladder from 1 January 2006 to 31 December 
2009. Among these patients, 102 926 were ever-
users and 782 310 were never-users of rosiglita-
zone, with 356 and 2753 incident cases of cancer 
of the bladder, respectively. The hazard ratio 
for cancer of the bladder for ever-users versus 
never-users of rosiglitazone was 0.98 (95% CI, 
0.87–1.104) after adjustment for age, sex, diabetes 
duration, various comorbidities, and medica-
tions. Dose–response relationships were also 
evaluated, but neither the P values for the hazard 
ratios of the categories nor the P values for trends 
were significant. [This study evaluated use of 
rosiglitazone and risk of cancer of the bladder 
after excluding potential residual confounding 
from pioglitazone. The study used databases 
covering the whole nation and spanning the 
whole period since the start of rosiglitazone use 
in Taiwan, China. However, data on smoking and 
body mass index were not available for analyses. 
There was a concern regarding overlapping of the 
study population with that of Tseng (2012a). The 
follow-up duration of 4 years may also have been 
too short.]

Fujimoto et al. (2013) identified nine cases of 
cancer of the bladder in a cohort of 663 patients 
who had taken pioglitazone, in a database of 
21 335 patients with type 2 diabetes from a single 
Japanese hospital between 2000 and 2011. They 
reported a hazard ratio of 1.75 (95% CI, 0.89–3.45) 
for cancer of the bladder among pioglitazone 
users compared with all patients with diabetes. 
[The Working Group noted that incident cases 
were defined as any bladder cancers diagnosed 
after onset of drug therapy. No information was 
given about total follow-up time. Duration and 
dose of drug were only given for identified cases, 
as were data about smoking status. No other 
details were given about confounders.]

2.1.3 Nested case–control studies

See Table 2.2
To determine whether the use of pioglita-

zone was associated with an increased risk of 
incident cancer of the bladder in people with 
type 2 diabetes, Azoulay et al. (2012) conducted 
a nested case–control analysis within a cohort of 
115 727 people with type 2 diabetes in the United 
Kingdom General Practice Research Database. 
Participants were newly treated with oral hypo-
glycaemic agents between 1 January 1988 and 31 
December 2009. All incident cases of cancer of 
the bladder occurring during follow-up (n = 470) 
were identified and 376 cases were matched to up 
to 20 controls (n = 6699) on year of birth, year 
of cohort entry, sex, and duration of follow-up. 
Exposure was defined as ever-use of pioglitazone 
and/or rosiglitazone (defined by the presence of 
at least one prescription between cohort entry 
and the year before the index date), along with 
measures of duration and cumulative dosage. 
Analyses were adjusted for smoking status, 
excessive alcohol use, obesity, HbA1c, previous 
bladder conditions, previous cancer (other than 
non-melanoma skin cancer), Charlson comor-
bidity score, and ever-use of other antidiabetic 
agents (metformin, sulfonylureas, insulin, and 
other oral hypoglycaemic agents). Overall, 
ever-use of pioglitazone was associated with an 
increased rate of cancer of the bladder (rate ratio, 
1.83; 95% CI, 1.10–3.05), with a positive expo-
sure–response trend (P = 0.030). The highest risk 
was observed in patients exposed for > 24 months 
(RR, 1.99; 95% CI, 1.14–3.45) and in those with 
a cumulative dosage >  28  000  mg (RR, 2.54; 
95% CI, 1.05–6.14). [Enrolment of new users of 
diabetes medications, who may have had less 
severe disease, and adjustment for smoking were 
potential strengths of this study. However, there 
was a potential overlap in the study population 
with that of Wei et al. (2013).]



IA
RC M

O
N

O
G

RA
PH

S – 108

344 Table 2.2 Case–control studies of cancer and exposure to pioglitazone or rosiglitazone

Reference 
Study 
location 
and 
period

Total 
No. 
cases 
No. of 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Bladder cancer
Azoulay 
et al. 
(2012)a 
United 
Kingdom, 
1988–
2009

376 
6699

General 
Practice 
Research 
Database

Prescription 
records

Bladder (Read 
codes)

Never-use of any TZD 319 1.00 (ref.) Up to 20 controls 
per case, matched on 
year of birth, year of 
cohort entry, sex, and 
duration of follow-up

Exclusive ever-use of 
pioglitazone

19 1.83 (1.10–3.05)

Exclusive ever-use of 
rosiglitazone

36 1.14 (0.78–1.68)

Ever-use of both pioglitazone 
and rosiglitazone

2 0.78 (0.18–3.29)

Pioglitazone
Cumulative duration (mo):
≤ 12 1 0.56 (0.07–4.42)
13–24 2 3.03 (0.63–14.52)
> 24 16 1.99 (1.14–3.45)
P for trend 0.050
Cumulative dosage (mg):
≤ 10 500 7 1.58 (0.69–3.62)
10 501–28 000 6 1.66 (0.70–3.94)
> 28 000 6 2.54 (1.05–6.14)
P for trend 0.030
Rosiglitazone
Cumulative duration (d):
≤ 519 9 0.80 (0.40–1.62)
> 519–1022 13 1.33 (0.73–2.40)
> 1022 14 1.34 (0.75–2.40)
P for trend 0.32
Cumulative dosage (mg):
≤ 2464 8 0.71 (0.34–1.49)
> 2464–5152 15 1.50 (0.86–2.62)
> 5152 13 1.27 (0.69–2.32)
P for trend 0.49
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Reference 
Study 
location 
and 
period

Total 
No. 
cases 
No. of 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Chang 
et al. 
(2012)b 
Taiwan, 
China, 
2000–7

1583 
6308

Population Reimbursement 
databases

Bladder 
(linkage 
through 
national 
cancer 
registry)

Pioglitazone
Never-user NR 1.00 (ref)
Ever-user NR 0.95 (0.70–1.29)

Cumulative dosage (DDD):
< 120 NR 0.83 (0.54–1.27)
≥ 120 NR 1.07 (0.72–1.57)
Cumulative duration (yr):
≤ 1 NR 0.87 (0.61–1.25)
1–2 NR 1.20 (0.65–2.22)
2–3 NR 0.84 (0.30–2.36)
≥ 3 NR 1.56 (0.51–4.74)
Cumulative dose duration:
High NR 1.13 (0.69–1.83)
Intermediate NR 1.06 (0.65–1.71)
Low NR 0.77 (0.48–1.25)
Rosiglitazone
Never-user NR 1.00 (ref.)
Ever-user NR 1.05 (0.81–1.36)
Cumulative dosage (DDD):
< 120 NR 1.05 (0.77–1.45)
≥ 120 NR 1.05 (0.78–1.40)
Cumulative duration (yr):
≤ 1 NR 1.07 (0.80–1.42)
1–2 NR 1.26 (0.86–1.86)
2–3 NR 0.60 (0.33–1.08)
≥ 3 NR 1.14 (0.65–1.99)
Cumulative dose duration:
High NR 1.09 (0.77–1.54)
Intermediate NR 0.92 (0.65–1.29)
Low NR 1.14 (0.82–1.58)

Table 2.2   (continued)
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Reference 
Study 
location 
and 
period

Total 
No. 
cases 
No. of 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Song 
et al. (2012) 
Republic 
of Korea, 
2005–11

329 
658

Hospital Electronic 
medical records

Bladder 
(confirmed by 
cytology)

Pioglitazone (–) 308 1.00 (ref.) Alcohol, smoking, 
coexisting cancer, 
haemoglobin and 
albumin 
Single centre 
(severance hospital), 
1 : 2 age-sex-matched 
cases:controls; age, 
> 20 yr. No significant 
differences in diabetes 
duration, BMI, 
and renal function 
between cases and 
controls

Pioglitazone (+) 21 2.09 (0.26–16.81)

Hassan 
et al. (2010) 
USA, 
2000–8

122 
86

Hospital Interviewed 
with a 
structured 
and validated 
questionnaire

Liver 
(pathologically 
confirmed)

TZD (–) 116 1.00 (ref.) Age, sex, race, 
education, cigarette 
smoking, alcohol 
drinking, HCV, HBV, 
and family history of 
cancer

TZD (+) 6 0.3 (0.1–0.7)

Chang 
et al. 
(2012)c 
Taiwan, 
China, 
2000–7

10 741 
41 847

Population Liver (linkage 
through 
national 
cancer 
registry)

Pioglitazone Age- and sex-
matched controls (≥ 
4 controls per case). 
A significantly lower 
risk of liver cancer was 
mainly observed in 
diabetic patients with 
chronic liver disease 
and with higher 
cumulative dosage or 
longer duration of use

Never-user 10 267 
(non-use)

1.00 (ref.)

Ever-user 474 0.83 (0.72–0.95)

Cumulative dosage (DDD):
< 120 225 0.87 (0.72–1.05)
≥ 120 249 0.80 (0.67–0.95)
Cumulative duration (yr):
≤ 1 352 0.87 (0.74–1.02)
1–2 79 0.80 (0.59–1.07)
2–3 30 0.71 (0.45–1.14)
≥ 3 13 0.44 (0.23–0.86)

Table 2.2   (continued)



Pioglitazone and rosiglitazone

347

Reference 
Study 
location 
and 
period

Total 
No. 
cases 
No. of 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Chang et 
al. (2012)c 
Taiwan, 
China, 
2000–7
(cont.)

Rosiglitazone Age- and sex-
matched controls (≥ 
4 controls per case). 
A significantly lower 
risk of liver cancer was 
mainly observed in 
diabetic patients with 
chronic liver disease 
and with higher 
cumulative dosage or 
longer duration of use

Never-user of rosiglitazone 9154 (non-
use)

1.00 (ref.)

Ever-user of rosiglitazone 1587 0.73 (0.65–0.81)
Cumulative dosage (DDD):
< 120 725 0.86 (0.75–0.98)
≥ 120 862 0.64 (0.56–0.72)
Cumulative duration (yr):
≤ 1 1034 0.78 (0.69–0.88)
1–2 330 0.66 (0.56–0.79)
2–3 135 0.59 (0.46–0.74)
≥ 3 88 0.64 (0.49–0.85)

Colorectal cancer
Chang 
et al. 
(2012)d 
Taiwan, 
China, 
2000–7

7200 
28 712

Population Reimbursement 
databases

Colorectum 
(linkage 
through 
national 
cancer 
registry)

Pioglitazone Age- and sex-matched 
controls (≥ 4 controls 
per case)

Never-user 6822 (non-
use)

1.00 (ref.)

Ever-user 378 1.04 (0.91–1.20)
Cumulative dosage (DDD):
< 120 170 1.15 (0.95–1.39)
≥ 120 280 0.97 (0.82–1.16)
Cumulative duration (yr):
≤ 1 278 1.15 (0.98–1.34)
1–2 60 0.82 (0.61–1.11)
2–3 26 0.86 (0.55–1.33)
≥ 3 14 0.77 (0.43–1.39)
Rosiglitazone
Never-user 6127 1.00 (ref.)
Ever-user 1073 0.86 (0.76–0.96)
Cumulative dosage (DDD):
< 120 434 0.89 (0.77–1.03)
≥ 120 639 0.83 (0.73–0.95)

Table 2.2   (continued)
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Reference 
Study 
location 
and 
period

Total 
No. 
cases 
No. of 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Chang et 
al. (2012)d 
Taiwan, 
China, 
2000–7
(cont.)

Cumulative duration (yr):
≤ 1 678 0.91 (0.80–1.04)
1–2 220 0.78 (0.65–0.94)
2–3 99 0.69 (0.54–0.88)
≥ 3 76 0.83 (0.63–1.10)

Lung cancer
Chang 
et al. 
(2012)e 
Taiwan, 
China, 
2000–7

5361 
21 313

Population Reimbursement 
databases

Lung (linkage 
through 
national 
cancer 
registry)

Pioglitazone
Never-user NR 1.00 (ref.)
Ever-user NR 1.14 (0.95–1.37)

Cumulative dosage (DDD):
< 120 NR 1.13 (0.89–1.44)
≥ 120 NR 1.20 (0.96–1.50)
Cumulative duration (yr)
≤ 1 NR 1.25 (1.01–1.53)
1–2 NR 1.09 (0.77–1.53)
2–3 NR 0.91 (0.51–1.61)
≥ 3 NR 0.20 (0.05–0.86)
Cumulative dose duration:
High NR 1.00 (0.75–1.33)
Intermediate NR 1.32 (1.01–1.73)
Low NR 1.16 (0.88–1.51)
Rosiglitazone
Never-user NR 1.00 (ref)
Ever-user NR 1.12 (0.90–1.39)
Cumulative dosage (DDD):
< 120 NR 1.37 (1.08–1.74)
≥ 120 NR 1.00 (0.80–1.25)

Table 2.2   (continued)
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Reference 
Study 
location 
and 
period

Total 
No. 
cases 
No. of 
controls

Control 
source 
(hospital, 
population)

Exposure 
assessment

Organ site 
(ICD code)

Exposure categories Exposed 
cases

Relative risk 
(95% CI)

Covariates 
Comments

Chang et 
al. (2012)e 
Taiwan, 
China, 
2000–7
(cont.)

Cumulative duration (yr):
≤ 1 NR 1.26 (1.01–1.58)
1–2 NR 0.83 (0.63–1.09)
2–3 NR 0.96 (0.70–1.33)
≥ 3 years NR 1.17 (0.82–1.67)
Cumulative dose duration
High NR 0.95 (0.74–1.22)
Intermediate NR 1.13 (0.89–1.43)
Low NR 1.34 (1.05–1.72)

a Alcohol, obesity, smoking, HbA1c, previous bladder conditions, previous cancer (other than non-melanoma skin cancer), Charlson comorbidity score, and ever-use of other 
antidiabetic agents (metformin, sulfonylureas, insulin, and other oral hypoglycaemic agents).
b Multivariable model with stepwise selection of covariates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean daily dosage in quartiles), sulfonylurea 
(mean daily dosage in quartiles), number of oral antidiabetic agents, nephropathy, glinides, ACE inhibitors, chronic kidney disease, Ca-channel blockers, neuropathy.
c Multivariate model with stepwise selection of covariates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean daily dosage in quartiles), sulfonylurea 
(mean daily dosage in quartiles), number of oral antidiabetic agents, chronic liver disease, statins, aspirin, β-blockers, chronic kidney disease, glinides (oral antidiabetic agent), 
nephropathy, cerebrovascular disease, Ca-channel blockers, cardiovascular disease, chronic lung disease.
d Multivariate model with stepwise selection of covariates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean daily dosage in quartiles), sulfonylurea 
(mean daily dosage in quartiles), number of oral antidiabetic agents, glinides, nephropathy, neuropathy, chronic liver disease, statins, retinopathy, Ca-channel blockers, ACE inhibitors, 
peripheral vascular disease, depression, β-blockers, aspirin, chronic kidney disease, chronic lung disease, cerebrovascular disease.
e Multivariable model with stepwise selection of covariates, including pioglitazone, rosiglitazone, short-acting human insulin, metformin (mean daily dosage in quartiles), sulfonylurea 
(mean daily dosage in quartiles), number of oral antidiabetic agents, chronic lung disease, glinides, retinopathy, Ca-channel blockers, chronic kidney disease, statins, angiotensin 
receptor blockers, chronic liver disease, α-glucosidase inhibitors.
ACE, angiotensin-converting enzyme; BMI, body mass index; Ca, calcium; d, day; DDD, defined daily doses; HbA1c, glycated haemoglobin; HBV, hepatitis B virus; HCV, hepatitis C 
virus; mo, month; NR, not reported; ref., reference; TZD, thiazolidinediones; yr, year

Table 2.2   (continued)
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2.1.4 Case–control studies

See Table 2.2
Chang et al. (2012) conducted a nationwide 

case–control study to evaluate the risk of several 
malignancies in diabetic patients who received 
thiazolidinediones (pioglitazone or rosiglita-
zone). A total of 606  583 patients with type 2 
diabetes, aged ≥  30 years, without a history of 
cancer, were identified from the National Health 
Insurance claims database, Taiwan, China, 
between 1 January 2000 and 31 December 2000. 
As of 31 December 2007, patients with incident 
cancer of the liver, colorectum, lung, or urinary 
bladder were included as cases, and up to four 
age- and sex-matched controls were selected by 
risk-set sampling. Information was collected 
on prescribed drug types (according to the 
Anatomic Therapeutic Chemical classification 
system, A10BG02 for rosiglitazone and A10BG03 
for pioglitazone), dosage, date of prescription, 
supply days, and total number of pills dispensed 
from the outpatient pharmacy-prescription data-
base. Approximately 26.1% of patients had ever 
received rosiglitazone, and 14.1% had received 
pioglitazone. The mean cumulative duration 
was 522 days, and the mean daily dosage was 
0.14 defined daily doses per day for rosiglitazone, 
compared with 375 days and 0.11 defined daily 
doses per day for pioglitazone. 

With 1583 cases of cancer of the bladder 
and 70  559 diabetic controls, an increased risk 
of cancer of the bladder was associated with 
only ≥ 3 years of pioglitazone use (1.56; 95% CI, 
0.51–4.74). The hazard ratio for the highest cate-
gory of cumulative dose duration was 1.13 (95% 
CI, 0.69–1.83). [This study had a longer follow-up 
period than several others evaluating rosiglita-
zone and pioglitazone, but these drugs did not 
become available in Taiwan, China, until after 
follow-up began. The methods were not clearly 
described and it was not clear how cumulative 
dose was estimated. The investigators included 
chronic kidney disease and various drugs in the 

models. The important risk factor of tobacco 
smoking could not be adjusted for, but chronic 
lung disease, a proxy indicator of smoking, was 
included as a covariate. The study population 
potentially overlapped with that of Tseng (2012a, 
2013a, b).]

In the Republic of Korea, Song et al. (2012) 
conducted a case–control study in diabetic 
patients with cancer of the bladder (n = 329) who 
presented at one hospital between November 
2005 and June 2011. Cases exposed to pioglita-
zone were matched by sex and age to 658 control 
patients without cancer of the bladder who were 
listed on the hospital diabetes registry. The odds 
ratio for cancer of the bladder associated with 
a history of pioglitazone use was 2.09 (95% CI, 
0.26–16.81) [but it was unclear whether this model 
was adjusted for potential confounders]. [The 
Working Group considered that the description 
of the methods and statistical analysis was inad-
equate, with conflicting information and some 
elements of the design (i.e. case–control study in 
a single tertiary hospital, history of pioglitazone 
or other medications prescribed before visiting 
this tertiary centre was not available, recall bias 
in information on confounders from the retro-
spective nature of the study, opposite associa-
tion between pioglitazone use and cancer of the 
bladder in univariate and multivariate analyses) 
gave cause for concern.]

2.1.5 Other study designs

A study was conducted by Piccinni et al. 
(2011) using the FDA Adverse Event Reporting 
System, in the USA. Cases of cancer of the 
bladder were compared with all other reports 
of adverse effects within the system; a reporting 
odds ratio of 4.30 (95% CI, 2.82–6.52) was esti-
mated for cancer of the bladder associated with 
pioglitazone compared with other antidiabetic 
drugs, and was elevated in each sex separately. 
[The Working Group noted that interpretation 
of these results was challenging because there 
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was no information about the population at risk: 
adverse event reports for drugs may not be a 
representative sample of the population. Analyses 
using the Adverse Events Reporting System may 
suffer from notoriety bias, but this study was 
conducted before concerns about pioglitazone 
were well known.]

2.1.6 Meta-analyses

Several meta-analyses have evaluated the 
association between the use of thiazolidine-
diones and cancer of the bladder (Zhu et al., 
2012; Colmers et al., 2012b; Bosetti et al., 2013; 
Ferwana et al., 2013). [The Working Group found 
it difficult to compare meta-analyses since each 
included different, but partially overlapping, 
studies, some of which were unpublished.]

Zhu et al. (2012) conducted a meta-analysis 
on the association between pioglitazone and 
cancer of the bladder from five studies, including 
one prospective, randomized, controlled study 
(Dormandy et al., 2005), three cohort studies 
(Lewis et al., 2011; Neumann et al., 2012; Tseng, 
2012a), and one case–control study (Chang et al., 
2012). There was no evidence for the presence of 
significant heterogeneity between the five studies 
(Q = 2.68, P = 0.61; I2 = 0.0%). The meta-relative 
risk was 1.17 (95% CI, 1.03–1.32) for all studies. 
In patients with cumulative treatment exposure 
to pioglitazone for >  24 months, the meta-rel-
ative risk was 1.38 (95% CI, 1.12–1.70), and in 
those with a cumulative dose of > 28 000 mg, the 
meta-relative risk was 1.58 (95% CI, 1.12–2.06).

A meta-analysis by Colmers et al. (2012b) 
included unpublished results for cancer of the 
bladder associated with specific thiazolidinedi-
ones. The meta-relative risk for pioglitazone was 
1.22 (95% CI, 1.07–1.39) and for rosiglitazone was 
0.87 (95% CI, 0.34–2.23).

In a meta-analysis by Bosetti et al. (2013), the 
meta-relative risk was 1.20 (95% CI, 1.07–1.34) 
from six studies on pioglitazone, and 1.08 (95% 
CI, 0.95–1.23) from three studies on rosiglitazone. 

Longer duration of treatment (>  24 months) 
(1.42, 1.17–1.72) and higher cumulative dose 
(>  28  000 mg) of pioglitazone (1.64, 1.28–2.12) 
were associated with a significantly higher risk.

A meta-analysis by Ferwana et al. (2013) 
included six studies and reported a hazard ratio 
of 1.23 (95% CI, 1.09–1.39) associated with use of 
pioglitazone.

2.2 Cancer of the liver

There were no cohort studies evaluating 
the association between cancer of the liver and 
specific drugs of the thiazolidinedione class.

In a case–control study, Chang et al. (2012) 
(see Section 2.1.4 for description of study; see 
Table 2.2), reported a lower risk of cancer of 
the liver associated with both pioglitazone and 
rosiglitazone. The adjusted odds ratio (OR) for 
pioglitazone was 0.83 (95% CI, 0.72–0.95), and 
for rosiglitazone was 0.73 (95% CI, 0.65–0.81). 
Odds ratios decreased with increasing categories 
of duration of pioglitazone use (OR, 0.44; 95% CI, 
0.23–0.86 for ≥ 3 years). [Although several risk 
factors for cancer of the liver were accounted for 
in the analysis, important potential confounders 
such as smoking, alcohol use, and hepatitis 
status, were not accounted for.]

2.3 Cancer of the colorectum

2.3.1 Case–control studies

See Table 2.2
In a multivariate analysis for risk of cancer 

of the colorectum associated with use of piogli-
tazone or rosiglitazone, Chang et al. (2012) (see 
Section 2.1.4 for description of study) reported 
odds ratios of 1.04 (95% CI, 0.91–1.20) associ-
ated with pioglitazone use, and 0.86 (95% CI, 
0.76–0.96) associated with rosiglitazone use. The 
magnitude of the odds ratio for the highest expo-
sure duration of ≥ 3 years was very similar for 
rosiglitazone (OR, 0.83; 95% CI, 0.63–1.10) and 
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for pioglitazone (OR, 0.77; 95% CI, 0.43–1.39). 
Furthermore, a trend of decreasing odds ratios 
with increasing cumulative duration of exposure 
was observed for both rosiglitazone and piogli-
tazone. [See Section 2.1.4 for the strengths and 
limitations of this study.]

2.3.2 Cohort studies

See Table 2.1
Ferrara et al. (2011) evaluated risk of cancer of 

the colorectum associated with pioglitazone use 
in a cohort of 252 467 male and female patients 
aged ≥ 40 years in the KPNC diabetes registry (see 
Section 2, introduction, for description). Data on 
use of diabetes medications were obtained from 
the pharmacy clinical database, and the filling 
of two prescriptions of pioglitazone within 6 
months was defined as “ever used”. Information 
was collected from electronic medical records 
about all confounders, except smoking, which 
was supplemented by postal-survey data. The 
hazard ratio for cancer of the colorectum asso-
ciated with ever-use versus never-use of piogli-
tazone was 0.9 (95% CI, 0.7–1.1), after adjusting 
for a large number of potential confounders 
including current smoking, age, and ever-use 
of other diabetes medications. [This study was 
based on the same population as Lewis et al. 
(2012). The authors were only able to examine 
recently initiated therapy and short-term use 
(median, 1.6 years) of pioglitazone, although the 
latency period until development of cancer of the 
bladder may be longer.]

Neumann et al. (2012) (see Section 2.1.2 for 
description of study) investigated risk of cancer 
of the colorectum in users of pioglitazone or 
rosiglitazone compared with non-users, and 
reported hazard ratios of 0.97 (95% CI, 0.90–1.05) 
for pioglitazone, and 0.88 (95% CI, 0.82–0.95) for 
rosiglitazone.

Tseng (2012b) (see Section 2.1.2 for descrip-
tion of study) assessed risk of cancer of the colon 
in thiazolidinedione users versus non-users in 

a multivariable analysis. Hazard ratios of 0.78 
(95% CI, 0.25–2.49) for pioglitazone users, and 
1.22 (95% CI, 0.81–1.84) for rosiglitazone users 
were reported.

2.3.3 Meta-analyses

A meta-analysis derived from three observa-
tional studies (Colmers et al., 2012a) calculated 
a meta-risk ratio of 0.97 (95% CI, 0.90–1.04) 
for cancer of the colorectum associated with 
pioglitazone use (see Section 2.1.6 for further 
description).

2.4 Cancer of the lung

2.4.1 Case–control studies

See Table 2.2
In a multivariable analysis for cancer of the 

lung, Chang et al. (2012) (see Section 2.1.4 for 
description of study) reported an odds ratio for 
pioglitazone use of 1.14 (95% CI, 0.95–1.37) and 
1.12 (95% CI, 0.90–1.39) associated with rosigl-
itazone use. A higher risk was reported with a 
cumulative duration of ≥ 1 year for use of either 
pioglitazone or rosiglitazone, with adjusted odds 
ratios of 1.25 (95% CI, 1.01–1.53) and 1.26 (95% 
CI, 1.01–1.58), respectively. [The investigators 
included chronic kidney disease and various 
drugs in the models. The important risk factor 
of tobacco smoking could not be adjusted for, 
but chronic lung disease, a proxy indicator of 
smoking, was included as a covariate.]

2.4.2 Cohort studies

See Table 2.1
In a multivariable analysis in the study by 

Ferrara et al. (2011) (see Section 2.3.2 for descrip-
tion of study), no effect was found on the incidence 
of cancer of the lung or bronchus in pioglitazone 
users when compared with never-users (adjusted 
HR, 1.0; 95% CI, 0.8–1.3). [Adjustment for 
smoking was a strength of this study, but only 
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current smoking was considered, which may not 
have fully controlled for confounding.]

Similarly, in a cohort study of diabetic 
patients in France Neumann et al. (2012) (see 
Section 2.1.2 for description of study) reported 
no significant difference in the risk of cancer of 
the lung in users compared with non-exposed 
controls for pioglitazone (adjusted HR, 0.94; 95% 
CI, 0.87–1.02), or for rosiglitazone (adjusted HR, 
0.91; 95% CI, 0.84–0.99). Hazard ratios were not 
adjusted for smoking.

2.4.3 Meta-analyses

A meta-analysis of “pulmonary malignan-
cies” by Monami et al. (2008) showed that the 
meta-odds ratio for rosiglitazone versus compar-
ators in clinical trials was 0.67 (95% CI, 0.30–1.51).

Colmers et al. (2012a) reported a meta-rel-
ative risk for ever-users of pioglitazone versus 
never-users of 0.95 (95% CI, 0.88–1.02) from two 
observational studies.

2.5 Cancer of the prostate

See Table 2.1
No case–control studies evaluated the asso-

ciation between use of pioglitazone or rosiglita-
zone and cancer of the prostate.

A cohort study by Ferrara et al. (2011) (see 
Section 2.3.2 for description of study) found no 
association when comparing ever-use of piogli-
tazone versus never-use (adjusted HR, 1.0; 95% 
CI, 0.8–1.2). Tseng (2011) (see Section 2 introduc-
tion for description of study) reported an inverse 
association for ever-use of pioglitazone versus 
never-use (adjusted HR, 0.77; 95% CI, 0.10–5.75) 
and for rosiglitazone (adjusted HR, 0.88; 95% CI, 
0.43–1.80).

Two meta-analyses (Monami et al., 2008; 
Colmers et al., 2012a) reported meta-relative risks 
of around unity for cancer of the prostate associ-
ated with the use of pioglitazone or rosiglitazone.

2.6 Cancer of the breast

In the PROactive clinical trial (Dormandy 
et al., 2005; see Section 2.1.1 for description of 
study), an imbalance in the number of cases of 
cancer of the breast was noted, with three cases 
in the pioglitazone group and eleven in the 
placebo group. [Insufficient data were provided 
to calculate a risk estimate. The PROactive trial 
was primarily aimed at evaluating macrovas-
cular events associated with pioglitazone use.]

In a multivariable analysis in the study by 
Ferrara et al. (2011) (see Section 2.3.2 and 2.4.2 
for comments and description of study; see 
Table 2.1), no effect was found in the incidence 
of cancer of the breast in pioglitazone users when 
compared with never-users (adjusted HR, 1.0; 
95% CI, 0.8–1.3).

Similarly, a cohort study of diabetic patients 
in France (Neumann et al., 2012; see Section 
2.3.2 for comments and description of study; see 
Table 2.1) reported no significant difference in 
the risk of cancer of the breast in pioglitazone 
users when compared with non-exposed controls 
(adjusted HR, 0.91; 95% CI, 0.83–1.00). A signif-
icantly reduced risk of cancer of the breast was 
found in rosiglitazone users when compared 
with non-exposed controls (adjusted HR, 0.80; 
95% CI, 0.73–0.88).

The meta-relative risk estimated by Colmers 
et al. (2012a) for cancer of the breast in ever-
users of pioglitazone versus never-users from 
two observational studies was 0.93 (95% CI, 
0.85–1.01).

2.7 Other site-specific cancers

See Table 2.1
Several of the studies described above also 

reported on other site-specific cancers. The study 
by Ferrara et al. (2011) reported relative risks of 
> 1 for some other cancers.

Neumann et al. (2012) reported a hazard ratio 
of near unity for cancer of the kidney among 
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users of pioglitazone or rosiglitazone, and hazard 
ratios of approximately 0.8 for both agents for 
cancer of the head and neck.

By using the National Health Insurance data-
base of Taiwan, China, Tseng evaluated the asso-
ciation of pioglitazone and rosiglitazone with the 
risk of cancer of the thyroid (Tseng, 2012c), and 
cancer of the oral cavity, lip, and pharynx (Tseng, 
2013c), respectively. The hazard ratio for cancer 
of the thyroid was 0.52 (95% CI, 0.07–3.93) for 
pioglitazone and 0.67 (95% CI, 0.23–1.95) for 
rosiglitazone (Tseng, 2012c); for cancer of the 
oral cavity, lip, and pharynx, the hazard ratio 
was 1.70 (95% CI, 0.22–13.20) for pioglitazone 
and 1.15 (95% CI, 0.44–3.04) for rosiglitazone 
(Tseng, 2013c).

In a meta-analysis by Colmers et al. (2012a), 
the meta-risk ratio for cancer of the kidney was 
0.89 (95% CI, 0.76–1.04) for ever-users of piogl-
itazone versus never-users from two observa-
tional studies.

3. Cancer in Experimental Animals

3.1 Pioglitazone

3.1.1 Oral administration

(a) Mouse

See Table 3.1
As part of its pharmacology review of the 

New Drug Application package (NDA 21–073) 
for pioglitazone submitted by the Takeda 
America Research and Development Center, the 
FDA summarized the results of a 2-year study 
that was performed to evaluate the potential 
carcinogenicity of pioglitazone in mice (FDA, 
1999a). In this study, groups of 60 male and 60 
female CD-1 mice [age not reported] received 
pioglitazone by gavage at doses of 0 (vehicle), 
0 (placebo suspension), 3, 10, 30, or 100 mg/kg 
body weight (bw) per day for 104 weeks. [Vehicle 
and placebo suspension were not specified.] 

There was a significant positive trend towards 
increased mortality with increasing dose in 
male mice. Increased incidences of benign pheo-
chromocytoma of the adrenal gland were seen 
in exposed male mice, and increased incidences 
of leiomyosarcoma of the uterine cervix were 
seen in exposed female mice when compared 
with controls. [Although it was noted that the 
FDA identified these differences as being statis-
tically significant, the Working Group could not 
confirm the statistical analyses because original 
study data (e.g. mortality) were not available 
(FDA, 1999a).]

(b) Genetically engineered mouse

Pino et al. (2004) reported increased inci-
dence and multiplicity of adenoma of the large 
intestine in ApcMin/+ mice (a genetically engi-
neered mouse model that overexpresses the Apc 
gene, leading to rapid development of intes-
tinal neoplasms) with dietary exposure to any 
of several peroxisome proliferator-activated 
receptor γ (PPARγ) agonists, including pioglita-
zone. In this study, male C57BL/6J-ApcMin/+ mice 
(age, 6–7 weeks) were fed diets containing piogl-
itazone at a concentration selected to achieve a 
dose of 150 mg/kg bw per day for 8 weeks. All 
mice exposed to pioglitazone (15 out of 15, 100% 
[P < 0.01]) developed adenoma of the large intes-
tine, compared with 60% (9 out of 15 mice) in 
the dietary control group. Pioglitazone increased 
the multiplicity of tumours of the large intestine, 
but not of the small intestine [data and statistics 
were provided in graphical form]. [The Working 
Group noted that, although used extensively as 
a model system for cancer chemoprevention, 
the predictive value of the ApcMin/+ mouse in 
the identification of agents that may promote or 
otherwise stimulate carcinogenesis in the human 
colon was unknown.]

(c) Rat

See Table 3.2
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Table 3.1 Studies of carcinogenicity in mice given pioglitazone orally

Strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

CD-1 (M, F) 
104 wk 
FDA (1999a)

0 (vehicle control), 0 (placebo 
suspension), 3, 10, 30, 100 mg/kg bw 
per day by gavage in an unspecified 
vehicle or suspension. 
60 M and 60 F/group

Benign pheochromocytoma of the 
adrenal gland: 
0/60, 0/60, 0/60, 0/60, 2/60*, 1/60* 
(M) 
Leiomyosarcoma of the uterine 
cervix: 
0/60, 0/60, 0/60, 0/60, 1/60*, 1/60* (F)

*P < 0.05 (Peto test) The Working Group was unable 
to confirm the statistical 
analyses.  
Increase in mortality in exposed 
males.

C57BL6J-ApcMin/+ 
(M) 
8 wk 
Pino et al. (2004)

Pioglitazone mixed in feed and 
given to achieve daily doses of 0 or 
~150 mg/kg bw 
15/group

Large intestine adenoma : 
9/15, 15/15*

*[P < 0.01] 
P ≤ 0.05 for increased 
multiplicity of large 
intestine tumour [data 
and statistics read from 
graph]

Genetically engineered 
mouse sensitive to intestinal 
carcinogenesis.  
No increases in the multiplicity 
of small intestine tumours.

bw, body weight; F, female, M, male; wk, week
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Strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

Sprague-Dawley 
(M, F) 
104 wk 
FDA (1999a)

0 (vehicle control), 0 (placebo 
suspension), 1, 4, 8 (M only), 16, or 
63 mg/kg bw per day by gavage in an 
unspecified vehicle or suspension 
60 M and 60 F/group

Transitional cell carcinoma of urinary bladder: 
0/60, 0/60, 0/60, 2/60, 3/60, 5/60, 4/60 (M) 
0/60, 0/60, 0/60, 0/60, –, 0/60, 0/60 (F)

P < 0.025 (trend) (M) Increase in 
mortality in 
exposed M and F

Transitional cell papilloma of urinary bladder: 
0/60, 0/60, 0/60, 0/60, 4/60, 2/60, 2/60 (M); 
0/60, 0/60, 1/60, 1/60, –, 1/60, 0/60 (F)

NS

Fibrosarcoma of subcutis: 
0/60, 0/60, 0/60, 0/60, 0/60, 2/60, 2/60 (M)

P < 0.025 (trend)

Subcutaneous lipoma: 
0/60, 0/60, 1/60, 0/60, –, 1/60, 3/60 (F)

P < 0.025 (trend)

CD (M) 
104 wk 
Sato et al. (2011)

0 (control) or 16 mg/kg bw by gavage in 
citric acid granules for 85 wk 
90/group

Urinary bladder 
Papilloma: 0/78, 7/82* 
Carcinoma: 0/78, 1/82

*P ≤ 0.05 (Peto test)

bw, body weight; F, female, M, male; NS, not significant; wk, week
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As part of its pharmacology review of the New 
Drug Application package (NDA 21–073) for 
pioglitazone submitted by the Takeda America 
Research and Development Center, the FDA 
summarized the results of a 2-year study that 
was performed to evaluate the potential carcino-
genicity of pioglitazone in rats (FDA, 1999a). 
In this study, groups of 60 male and 60 female 
Sprague-Dawley rats [age not reported] received 
pioglitazone by gavage at doses of 0 (vehicle), 
0 (placebo suspension), 1, 4, 8 (males only), 16, 
or 63 mg/kg bw per day for 104 weeks. [Vehicle 
and placebo suspension were not specified.] 
There was a significant positive trend towards 
increased mortality with increasing dose in male 
and female rats.

Treatment with pioglitazone caused a signif-
icant positive trend in the incidence of transi-
tional cell carcinoma of the urinary bladder in 
male rats. Although female rats did not demon-
strate an increased incidence of transitional 
cell tumours of the urinary bladder, urothelial 
hyperplastic lesions were identified in male and 
female rats exposed to pioglitazone. In addition, 
pioglitazone induced a small but significant posi-
tive trend in the incidence of fibrosarcoma of the 
subcutis in male rats, and a significant positive 
trend in the incidence of subcutaneous lipoma in 
female rats (FDA, 1999a).

Sato et al. (2011) reported a study in which 
two groups of 90 male CD rats (age, 6 weeks) 
received pioglitazone (in citric acid granules) by 
gavage at a dose of 0 (control), or 16 mg/kg bw per 
day for 85 weeks, followed by a 19-week observa-
tion period. There was a significant increase in 
the incidence of papilloma of the urinary bladder 
in the exposed group (7 out of 82 rats) compared 
with the controls (0 out of 78 rats). There was 
also one carcinoma of the urinary bladder in 
the exposed group compared with none in the 
controls.

3.1.2 Coexposure with modifying agents

See Table 3.3
A group of 34 male and 35 female strain H 

Swiss mice was exposed by whole-body inhala-
tion to mainstream cigarette smoke for 4 months, 
starting 12 hours after birth, and then kept in 
filtered air until the experiment was terminated 
at age 7  months. After weaning (at age 4–5 
weeks), the mice also received diets containing 
pioglitazone at a concentration of 120 mg/kg. A 
control group of 34 male and 38 female mice was 
exposed to mainstream cigarette smoke only. In 
females, 5 out of 35 (P < 0.01) mice exposed to 
pioglitazone developed adenoma of the kidney 
versus 0 out of 38 controls. In males, 3 out of 32 
mice developed kidney adenoma versus 0 out of 
34 controls (La Maestra et al., 2013).

3.2 Rosiglitazone

3.2.1 Oral administration

(a) Mouse

See Table 3.4
As part of its pharmacology review of 

the New Drug Application package (NDA 
21–071) for rosiglitazone that was submitted by 
SmithKline Beecham Pharmaceuticals, the FDA 
summarized the results of a 2-year feeding study 
that was performed to evaluate the potential 
carcinogenicity of rosiglitazone in mice (FDA, 
1999b). In this study, groups of 60 male and 60 
female CD-1 mice [age not reported] received 
diet supplemented with rosiglitazone at concen-
trations that were selected to provide doses of 0 
(control), 0.4, 1.5, or 6.0 mg/kg bw for 105 weeks. 
A significant positive trend towards increased 
mortality with increasing dose was seen in male 
and female mice. The reduction in survival 
of male mice in the group at the highest dose 
necessitated early termination of this dose group 
at week 95, instead of week 105. The only signif-
icant increase in the incidence of any neoplasm 
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358 Table 3.3 Studies of carcinogenicity involving exposure to pioglitazone or rosiglitazone with modifying agents

Species, strain (sex) 
Duration 
Reference

Modifying agent Dosing regimen, 
Animals/group at start

Incidence of tumours Significance

Mouse, H Swiss 
(M, F) 
7 mo 
La Maestra et al. 
(2013)

Mainstream cigarette smoke by whole-
body inhalation for 4 mo, starting 12 
hours after birth, followed by filtered air 
for 3 mo

After weaning (at age, 4–5 wk), 
mice were also fed diets containing 
pioglitazone at a concentration of 0 
(control) or 120 mg/kg. 
34, 34/group (M) 
38, 35/group (F)

Kidney adenoma: 
0/34, 3/32 (M) 
0/38, 5/35* (F)

*P < 0.01

Rat, F344 (F) 
7 mo 
Lubet et al. (2008)

N-Butyl-N-(4-hydroxybutyl)nitrosamine 
(150 mg) by gavage in thanol : water, 
2×/wk for 8 wk

After 2 wk, rats were given 
rosiglitazone by gavage at 0 (control), 
50 mg/kg bw per day 
35, 35/group

Urinary bladder carcinoma: 
20/35, 34/34*

*P < 0.01

Rat, F344 (F) 
8 mo 
Lubet et al. (2008)

N-Butyl-N-(4-hydroxybutyl)nitrosamine 
(150 mg) by gavage in ethanol : water, 
2×/wk for 8 wk

2 wk later, rats were given rosiglitazone 
by gavage at 0 (control), 10 mg/kg bw 
per day 
29, 30/group

Urinary bladder carcinoma: 
8/29, 28/30*

*P < 0.01

Rat, F344 (F) 
10 mo 
Lubet et al. (2008)

N-Butyl-N-(4-hydroxybutyl)nitrosamine 
(150 mg) by gavage in ethanol : water, 
2×/wk for 8 wk

2 wk later, rats were given rosiglitazone 
by gavage at 0 (control), 0.4, or 2 mg/kg 
bw per day 
25, 29, 30/group

Urinary bladder carcinoma : 
12/25, 19/29, 24/30*

*P < 0.05

bw, body weight; F, female, mo, month; M, male; wk, week
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Table 3.4 Studies of carcinogenicity in mice given diets containing rosiglitazone

Strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

CD-1 (M, F) 
105 wk 
FDA (1999b)

Rosiglitazone mixed in feed to 
achieve doses of 0 (control), 0.4, 1.5, 
or 6.0 mg/kg bw per day 
60 M and 60 F/group

Liver haemangiosarcoma: 
0/60, 4/60*, 0/60, 0/60 (M)

*P = 0.013 There was a significant trend for increasing 
mortality with increasing dose in M and F. 
High-dose males were killed at wk 95. 
No increase in the incidence of any type of 
neoplasm in females

C57BL6J-ApcMin/+ 
(M) 
8 wk 
Pino et al. (2004)

Rosiglitazone mixed in feed to 
achieve doses of 0 or ~20 mg/kg bw 
per day 
15/group

Large intestine adenoma : 
9/15, 14/14*

*[P < 0.01] 
P ≤ 0.05 for increased 
multiplicity of large 
intestine tumours 
[data and statistics 
read from graph]

Genetically engineered mouse sensitive to 
intestinal carcinogenesis. No increases in 
multiplicity of small intestine tumours.

bw, body weight; F, female, M, male; wk, week; NR, not reported
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in any dose group was an increased incidence 
of liver haemangiosarcoma in male mice at the 
lowest dose (FDA, 1999b). [Because no signifi-
cant evidence of a dose–response relationship 
was seen, the Working Group concluded that 
there was no treatment-related positive trend in 
the incidence of liver haemangiosarcoma, or of 
any other tumour type in either sex.]

(b) Genetically engineered mouse

Pino et al. (2004) reported increased incidence 
and multiplicity of adenoma of the large intestine 
in ApcMin/+ mice (a genetically engineered mouse 
model that overexpresses the Apc gene, leading to 
rapid development of intestinal neoplasms) with 
dietary exposure to rosiglitazone. In this study, 
male C57BL6J-ApcMin/+ mice (age, 6–7 weeks) 
were fed rosiglitazone at a dietary concentration 
selected to achieve a dose of 20  mg/kg bw per 
day, for 8 weeks. All mice exposed to rosiglita-
zone (14 out of 14, 100% [P  <  0.01]) developed 
adenoma of the large intestine, compared with 
60% (9 out of 15 mice) in the dietary controls 
group. Rosiglitazone increased the multiplicity 
of tumours of the large intestine, but not of the 
small intestine [data and statistics were provided 
in in graphical form]. [The Working Group 
noted that, although used extensively as a model 
system for cancer chemoprevention, the predic-
tive value of the ApcMin/+ mouse in the identifi-
cation of agents that may promote or otherwise 
stimulate carcinogenesis in the human colon was 
unknown.]

(c) Rat

See Table 3.5
As part of its pharmacology review of the New 

Drug Application package (NDA 21–071) for 
rosiglitazone submitted by SmithKline Beecham 
Pharmaceuticals, the FDA summarized the 
results of a 2-year study that was performed to 
evaluate the potential carcinogenicity of rosigli-
tazone in rats (FDA, 1999b). In this study, groups 
of 60 male and 60 female Sprague-Dawley rats 

[age not reported] received rosiglitazone by 
gavage at doses of 0 (control), 0.05, 0.3, or 
2.0 mg/kg bw per day in 1% methylcellulose for 2 
years. In comparison to vehicle controls, a signif-
icant increase in mortality was seen in males at 
the highest dose. Significant increases in the 
incidence of subcutaneous lipoma were seen in 
males at the intermediate dose, and in females at 
the highest dose. [Increases in the incidence of 
subcutaneous lipoma and adipocyte hyperplasia 
(a putative preneoplastic lesion that is linked to 
lipoma) in males and females, were considered to 
be treatment-related.]

3.2.2 Coexposure with modifying agents

See Table 3.3
In two studies evaluating the activity of 

rosiglitazone as a chemopreventive agent for 
cancer of the urinary bladder, groups of female 
F344 rats received N-butyl-N-(4-hydroxybutyl)
nitrosamine (BBN) by gavage in 0.1  mL 
ethanol : water (25 : 75, v/v), twice per week, for 
8 weeks. Beginning 2 weeks after the last dose of 
BBN, parallel groups of rats were given rosiglita-
zone at a dose of 0.4, 2, 10, or 50 mg/kg bw per 
day by gavage, or the vehicle (carboxymethylcel-
lulose : polyethylene glycol 400; 50 : 50, v/v) only, 
for 7–10 months, followed by necropsy and histo-
pathological examination of the urinary bladder 
(Lubet et al., 2008).

In the first study, the incidence of carcinoma 
of the urinary bladder in rats exposed to BBN plus 
rosiglitazone (50 mg/kg bw per day) for 7 months 
was 100% (34 out of 34; P < 0.01), compared with 
57% (20 out of 35) in the group exposed to BBN 
only. In the follow-up study with lower doses of 
rosiglitazone, the incidence of carcinoma of the 
urinary bladder at 8 months in the group receiving 
BBN plus rosiglitazone (10 mg/kg bw per day) was 
93% (28 out of 30; P < 0.01), compared with 28% 
(8 out of 29) in the group exposed to BBN only. In 
the same study, the incidence of carcinoma of the 
urinary bladder at 10 months in groups treated 
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with BBN plus rosiglitazone (2 or 0.4 mg/kg bw 
per day) group was 80% (24 out of 30; P < 0.05) 
and 67% (19 out of 29), versus 48% (12 out of 25) 
in BBN-treated vehicle controls. When admin-
istered alone (without prior exposure to BNN), 
rosiglitazone (10 mg/kg bw) did not induce carci-
noma of the urinary bladder during the 8-month 
observation period. [The Working Group noted 
that the predictive value of the BBN model for 
the identification of agents that can enhance or 
promote cancer of the human bladder had not 
been established.]

4. Mechanistic and Other 
Relevant Data

4.1 Absorption, distribution, 
metabolism, and excretion of 
pioglitazone

4.1.1 Humans

(a) Absorption, distribution, and excretion

In fasting individuals, pioglitazone was 
measurable in the serum within 30 minutes 
after oral administration, with peak concentra-
tions observed within 2  hours. Administration 
with food slightly delayed the time to peak serum 
concentration (to 3–4 hours), but did not alter the 
extent of absorption. The mean serum half-life of 
pioglitazone ranged from 3 to 7 hours, while the 

mean serum half-life of the pharmacologically 
active metabolites M-III and M-IV ranged from 
16 to 24  hours. Serum concentrations of total 
pioglitazone (pioglitazone plus active metab-
olites) remained elevated 24  hours after dosing 
(Takeda Pharmaceuticals, 2013).

The apparent oral clearance (CL/F) of piogli-
tazone has been calculated as 5–7 L per hour. The 
mean apparent volume of distribution (Vd/F) of 
pioglitazone after administration of a single oral 
dose was 0.63 ± 0.41 (mean ± standard deviation) 
L/kg bw. Pioglitazone binds extensively (> 99%) 
to protein in human serum, principally to serum 
albumin. Pioglitazone also binds other serum 
proteins, but with lower affinity. Metabolites M-III 
and M-IV also are extensively bound (> 98%) to 
serum albumin (Takeda Pharmaceuticals, 2013).

Steady-state serum concentrations of piogl-
itazone and total pioglitazone were achieved 
within 7 days. At steady state, M-III and M-IV 
reached serum concentrations equal to or greater 
than that of pioglitazone. In healthy volunteers 
and in patients with type 2 diabetes, pioglitazone 
comprised approximately 30–50% of the peak 
total pioglitazone serum concentrations and 
20–25% of the total area under the curve (AUC) 
for serum concentration–time. Maximum 
serum concentration (Cmax), AUC, and trough 
serum concentration (Cmin) for pioglitazone 
and total pioglitazone increased proportionally 
at doses of 15  mg and 30  mg per day (Takeda 
Pharmaceuticals, 2013).

Table 3.5 Studies of carcinogenicity in rats given rosiglitazone by gavage

Strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

Sprague-
Dawley (M, F) 
104 wk 
FDA (1999b)

Rosiglitazone given at 
doses of 0, 0 (second 
control group), 0.05, 
0.3, or 2.0 mg/kg bw in 
1% methylcellulose 
60 M and 60 F/group

Subcutaneous lipoma: 
3/60, 4/60, 5/59, 13/58*, 
6/60 (M) 
1/60, 2/60, 3/60, 1/59, 
9/60** (F)

*P = 0.001 
**P = 0.003

Significantly increased mortality in high-
dose males 
Second control group reported, but no 
information on how it differed from the 
first control group

bw, body weight; F, female, M, male; wk, week
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After oral administration, 15–30% of the 
administered dose of pioglitazone was recovered 
in the urine. Most of the oral dose was excreted 
into the bile either unchanged or as metabo-
lites, and eliminated in the faeces. Renal elim-
ination of pioglitazone was negligible (Takeda 
Pharmaceuticals, 2013).

There was no significant difference in the phar-
macokinetic profile of pioglitazone in subjects 
with normal or with moderately impaired renal 
function. In patients with moderate and severe 
renal impairment, although mean serum concen-
trations of pioglitazone and its metabolites were 
increased, no dose adjustment is needed. After 
repeated oral doses of pioglitazone, mean AUC 
values were decreased in patients with severe 
renal impairment compared with healthy 
subjects with normal renal function for pioglita-
zone (Budde et al., 2003).

In a multi-dosing study, pioglitazone was 
rapidly absorbed, with median time to maximal 
serum concentration (Cmax) occurring within 
2  hours. Serum concentrations of pioglitazone 
and its active metabolites remained elevated 
24 hours after exposure (Christensen et al., 2005).

(b) Metabolism

Pioglitazone is extensively metabolized by 
hydroxylation and oxidation to its active metabo-
lites, which are keto and hydroxy derivatives. The 
active metabolites include M-II active (hydroxy), 
M-III active (keto), and M-IV active (hydroxy) 
(Fig. 4.1; Takeda Pharmaceuticals, 2013).

In-vitro data have demonstrated that multiple 
isoforms of cytochrome P450 (CYP) are involved 
in the metabolism of pioglitazone, including 
CYP2C8 and, to a lesser degree, CYP3A4 
(Kirchheiner et al., 2005). CYP2C9 is not signif-
icantly involved in the elimination of pioglita-
zone (Jaakkola et al., 2006). Pioglitazone is not a 
strong inducer of CYP3A4, and pioglitazone was 
not shown to induce CYPs (Nowak et al., 2002).

4.1.2 Experimental systems

In pharmacokinetic studies with male rats, 
peak plasma concentrations of pioglitazone were 
reported at 1 hour, and the plasma terminal half-
life of pioglitazone was 7.5 hours. The distribu-
tion of pioglitazone was not extensive; the tissue/
plasma ratio was low (< 0.5), except for the gastro-
intestinal tract (Krieter et al., 1994).

The AUCs for pioglitazone metabolites M-III 
and M-IV were higher in female rats than in 
males, while levels of M-II were similar in both 
sexes (Fujita et al., 2003).

4.2 Absorption, distribution, 
metabolism, and excretion of 
rosiglitazone

4.2.1 Humans

(a) Absorption, distribution, and excretion

In a study in healthy volunteers, the absorp-
tion of rosiglitazone was relatively rapid, with 
99% oral bioavailability after oral absorption 
(Cox et al., 2000).

Peak plasma concentrations were observed 
about 1 hour after single oral doses. Maximum 
plasma concentration (Cmax) and the AUC of 
rosiglitazone increased in a dose-proportional 
manner over the therapeutic dose range (National 
Library of Medicine, 2010).

The mean oral volume of distribution of 
rosiglitazone was approximately 17.6  L, based 
on a population pharmacokinetic analysis. 
Rosiglitazone is approximately 99.8% bound to 
plasma proteins, primarily albumin (National 
Library of Medicine, 2010).

The elimination half-life of rosiglitazone was 
3–4  hours and was independent of dose. The 
time to Cmax and the elimination half-life for two 
metabolites in plasma were significantly longer 
than for rosiglitazone itself (4–6  hours versus 
0.5–1 hours, and about 5 days versus 3–7 hours) 
(Cox et al., 2000).
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After oral or intravenous administration of 
rosiglitazone maleate, approximately 64% and 
23% of the administered dose was eliminated in 
the urine and in the faeces, respectively (National 
Library of Medicine, 2010). No unchanged drug 
was eliminated in the urine.

In a pharmacokinetics study of adminis-
tration of rosiglitazone with food, absorption 
measured via Tmax was delayed by 1.75 hours. The 
Cmax was reduced by approximately 20%, but the 
geometric mean ratio of AUC for the fed/fasted 
state was 0.94. No dose adjustment is required for 
administration of rosiglitazone with food (Freed 
et al., 1999).

The half-life values of rosiglitazone are similar 
in fasted and fed subjects (Bulliman et al., 1995).

Ethnicity had no impact on the pharmacoki-
netics of rosiglitazone among healthy subjects 
(Chu et al., 2007).

In patients with mild, moderate, or severe 
renal insufficiency there are slight increases in 

AUC for rosiglitazone (10–20%), which were not 
deemed to be clinically relevant (Chapelsky et al., 
2003).

In a placental transfer study, the risk of 
placental transfer of rosiglitazone was higher 
after 10 weeks of gestation (Chan et al., 2005).

(b) Metabolism

Rosiglitazone is extensively metabolized 
by CYP2C9 and CYP2C8, with no unchanged 
drug excreted in the urine (Kirchheiner et al., 
2005). The major routes of metabolism were 
N-demethylation and hydroxylation, leading to 
N-desmethyl-rosiglitazone and 3-hydroxy-ro-
siglitazone, followed by conjugation with sulfate 
and glucuronic acid. All the circulating metabo-
lites were considerably less potent than the parent 
compound and, therefore, are not expected 
to contribute to the activity of rosiglitazone 
(National Library of Medicine, 2010; see Fig. 4.2).

Fig. 4.1 Pioglitazone and metabolites
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4.2.2 Experimental systems

Rosigilitazone was extensively metabolized 
after oral administration in mice. Mean bioavail-
ability was found to be 100%, 60%, and 95% in 
rats, dogs, and humans, respectively (EMEA, 
2005).

The main metabolites observed in humans are 
also observed in rats; however, the clearance in 
rats was almost ten times higher than in humans, 
probably due to the higher levels of CYP2C in rat 
microsomes (EMEA, 2005; Calixto et al., 2011).

4.3 Genetic and related effects

4.3.1 Humans

DNA damage

Incubating pioglitazone (100  μM) with 
human peripheral blood lymphocytes signifi-
cantly increased the frequency of chromosomal 

aberrations, sister chromatid exchanges, and 
increased levels of 8-oxodeoxyguanosine 
(Table 4.1; Alzoubi et al., 2012).

4.3.2 Experimental systems

(a) DNA damage

Male Sprague-Dawley rats treated with 
pio  glitazone by gavage had a dose-dependent 
increase in the frequency of DNA damage in 
peripheral blood lymphoctyes and liver cells, as 
measured by comet assays. The addition of an 
enzyme mixture containing endonuclease III 
and formamidopyrimidine glycosylase signifi-
cantly increased the frequency of DNA damage, 
suggesting that DNA damage was due to oxida-
tion of DNA bases (Table 4.1; Bedir et al., 2008).

Pioglitazone did not increase the frequency 
of chromosomal aberrations in Chinese hamster 
lung cells. Pioglitazone did not induce unsched-
uled DNA synthesis in primary rat hepatocytes, 

Fig. 4.2 Rosiglitazone and metabolites
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Table 4.1 Genetic and related effects of pioglitazone

Test system Results Dose or concentration 
(LED or HID)

Reference

Without exogenous 
metabolic system

With exogenous 
metabolic system

In vitro
Salmonella typhimurium, TA98, TA100, TA1535, 
TA1537, with 20-minute pre-incubation, reverse 
mutation

– – 5000 μg/plate FDA Drug Approval Package 
(1999a)

Salmonella typhimurium, TA98, TA100, TA1535, 
TA1537, TA1538, reverse mutation

– – 2000 μg/plate FDA Drug Approval Package 
(1999a)

Escherichia coli WP2 uvrA, with 20-minute pre-
incubation, mutation

– – 5000 μg/plate FDA Drug Approval Package 
(1999a)

Gene mutation, Chinese hamster ovary cells, Hprt gene – – 200 μg/mL – S9; 500 μg/mL 
+ S9

FDA Drug Approval Package 
(1999a)

Gene mutation, AS52 Chinese hamster cells, Xprt gene – – 200 μg/mL – S9; 200 μg/mL 
+ S9

FDA Drug Approval Package 
(1999a)

Unscheduled DNA synthesis, male F344 rat primary 
hepatocytes

– NT 100 μg/mL FDA Drug Approval Package 
(1999a)

Chromosomal aberration, Chinese hamster lung cells – – 5 mM FDA Drug Approval Package 
(1999a)

Chromosomal aberration, human peripheral blood 
lymphocytes

+ NT 100 μM Alzoubi et al. (2012)

Sister chromatid exchange, human peripheral blood 
lymphocytes

+ NT 100 μM Alzoubi et al. (2012)

8-Oxodeoxyguanosine, human peripheral blood 
lymphocytes

+ NT 100 μM Alzoubi et al. (2012)

In vivo
Micronucleus formation, CD-1 mice – 5000 mg/kg bw per day, 

single intraperitoneal 
injection, up to 72 hours

FDA Drug Approval Package 
(1999a)

Comet assay, male Sprague-Dawley rat peripheral 
blood lymphocytes

+ 10 mg/kg bw per day, by 
gavage, for 14 days

Bedir et al. (2008)

Comet assay, male Sprague-Dawley rat liver cells + 10 mg/kg bw per day, by 
gavage, for 14 days

Bedir et al. (2008)

+, positive; –, negative; HID, highest ineffective dose; LED, lowest effective dose; NR, not reported; NT, not tested
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or micronucleus formation in CD-1 mice 
(Table 4.1; FDA Drug Approval Package, 1999a).

Male Sprague-Dawley rats treated with 
rosiglitazone by gavage showed a dose-dependent 
increase in the frequency of DNA damage in 
peripheral blood lymphoctyes and liver cells, as 
measured by comet assays (Table 4.2; Bedir et al., 
2006).

In-vitro assays for chromosomal aberration 
and unscheduled DNA synthesis, and in-vivo 
assays for micronucleus formation gave negative 
results with rosiglitazone (Table 4.2; FDA Drug 
Approval Package, 1999b).

Rosiglitazone gave negative results in 
the Growth Arrest and DNA Damage gene 
45α-Green Fluorescent Protein (GADD45α-GFP) 
GreenScreen Human Cell genotoxicity assay in 
the presence or absence of metabolic activation 
(Table 4.2; Luzy et al., 2012).

(b) Gene mutations

Pioglitazone and its metabolites M-I, M-IV, 
M-V, and M-VI were not mutagenic in Salmonella 
typhimurium strains TA98, TA100, TA1535, or 
TA1537, or in Escherichia coli strain WP2 uvrA, 
in either the presence or absence of metabolic 
activation. Pioglitazone was not mutagenic at 
the Hprt gene of Chinese hamster ovary cells, or 
at the Xprt gene of AS52 Chinese hamster cells. 
Pioglitazone metabolites M-I and M-VI were 
mutagenic in mouse lymphoma L5178Y cells in 
the presence of metabolic activation; metabolites 
M-IV and M-V gave negative results, and the 
assay conducted with pioglitazone was consid-
ered inadequate (Table 4.1; Table 4.3; FDA Drug 
Approval Package, 1999a).

Rosiglitazone was not mutagenic in S. typhi-
murium strains TA98, TA100, TA1535, TA1537, 
or TA1538, or in E. coli strain WP2 uvrA, in 
either the presence or absence of an exogenous 
metabolic activation system. Rosiglitazone was 
mutagenic in mouse lymphoma L5178Y cells in 
the presence of metabolic activation (Table 4.2; 
FDA Drug Approval Package, 1999b).

4.4 Other mechanistic data

Pioglitazone selectively stimulates PPARγ, 
and to a lesser extent PPARα (Smith, 2001). 
Acidification of the urine, as a result of ammo-
nium chloride administration in male rats, did 
not alter PPARα, PPARβ (PPARδ), or PPARγ 
mRNA or protein expression, PPARα- or PPARγ-
regulated gene expression, total or phosphoryl-
ated epidermal growth factor receptor (Egfr) 
protein, Egfr or Akt2 gene expression, or urothe-
lial-cell proliferation. These results suggested 
that the suppression of bladder tumorigenesis 
by acidifying the urine of rats exposed to PPARγ 
agonists, such as pioglitazone, was not due to 
alterations in PPARα, PPARβ, or Egfr expression 
or PPAR signalling in the bladder epithelium of 
rats (Achanzar et al., 2007; Sato et al., 2011).

Roglitazone significantly increased the inci-
dence of tumours of the bladder induced BBN in 
female F344 rats. The mechanism for the induc-
tion of these tumours was not known (Lubet 
et al., 2008).

Strain H Swiss mice exposed to mainstream 
cigarette smoke since birth for 4  months, and 
subsequently exposed to pioglitazone, had lower 
levels of DNA damage in exfoliated bladder cells, 
as measured by comet assays, than mice exposed 
to mainstream cigarette smoke and fed control 
diet. However, the mice exposed to mainstream 
cigarette smoke and then pioglitazone had an 
increased incidence of kidney tubular epithelium 
hyperplasia, kidney adenoma, kidney lesions, 
and/or urinary tract lesions, compared with mice 
exposed to mainstream cigarette smoke only, or 
sham-treated mice. These data suggested that 
pioglitazone can act as a promoter of tumours 
of the kidney in mice. Mice exposed to main-
stream cigarette smoke and pioglitazone had 
more acidic urine than sham-exposed mice (La 
Maestra et al., 2013). [There was not a group that 
received pioglitazone only.]

In male C57BL/6J-ApcMin/+ mice, a hete-
rozygous mouse strain susceptible to intestinal 



Pioglitazone and rosiglitazone

367

Table 4.2 Genetic and related effects of rosiglitazone

Test system Results Dose or concentration 
(LED or HID)

Reference

Without exogenous 
metabolic system

With exogenous 
metabolic system

In vitro
Salmonella typhimurium, TA98, TA100, TA1535, 
TA1537, TA1538, reverse mutation

– – 5000 μg/plate FDA Drug Approval 
Package (1999b)

Escherichia coli WP2 uvrA, mutation – – 5000 μg/plate FDA Drug Approval 
Package (1999b)

Gene mutation, mouse lymphoma L5178Y cells, 
Tk locus

? + 100 μg/mL – S9; 200 μg/mL + S9 FDA Drug Approval 
Package (1999b)

Chromosomal aberration, human lymphocytes – – 240 μg/mL FDA Drug Approval 
Package (1999b)

GADD45α-GFP GreenScreen Human Cell, 
genotoxicity assay

– – NR Luzy et al. (2012)

In vivo
Micronucleus formation, CD-1 mice – 700 mg/kg bw, single intraperitoneal 

injection, up to 72 hours
FDA Drug Approval 
Package (1999b)

Unscheduled DNA synthesis, male Sprague-
Dawley rat primary hepatocytes

– 2000 µg/mL FDA Drug Approval 
Package (1999b)

Comet assay, male Sprague-Dawley rat peripheral 
blood lymphocytes

+ 1.0 mg/kg bw per day, for 14 days Bedir et al. (2006)

Comet assay, male Sprague-Dawley rat liver cells + 0.5 mg/kg bw per day, for 14 days Bedir et al. (2006)
+, positive; –, negative; ?, inconclusive; GADD45, growth arrest and DNA damage gene; GFP, green fluorescent protein; HID, highest ineffective dose; LED, lowest effective dose; S9, 
supernatant fraction of liver homogenate × 9000 g
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368 Table 4.3 Genetic and related effects of metabolites of pioglitazone

Test system Results Dose or 
concentration 
(LED or HID)

Reference

Without exogenous 
metabolic system

With exogenous 
metabolic system

M-I
Salmonella typhimurium, TA98, TA100, TA1535, 
TA1537, reverse mutation

– – NR FDA Drug Approval 
Package (1999a)

Escherichia coli WP2 uvrA mutations – – NR FDA Drug Approval 
Package (1999a)

Gene mutation, mouse lymphoma L5178Y cells, Tk 
locus

? + NR FDA Drug Approval 
Package (1999a)

M-IV
Salmonella typhimurium, TA98, TA100, TA1535, 
TA1537, reverse mutation

– – NR FDA Drug Approval 
Package (1999a)

Escherichia coli WP2 uvrA, mutation – – NR FDA Drug Approval 
Package (1999a)

Gene mutation, mouse lymphoma L5178Y cells, Tk 
locus

– – NR FDA Drug Approval 
Package (1999a)

M-V
Salmonella typhimurium, TA98, TA100, TA1535, 
TA1537, reverse mutation

– – 2000 μg/plate FDA Drug Approval 
Package (1999a)

Escherichia coli WP2 uvrA, mutation – – 2000 μg/plate FDA Drug Approval 
Package (1999a)

Gene mutation, mouse lymphoma L5178Y cells, Tk 
locus

– – NR FDA Drug Approval 
Package (1999a)

M-VI
Salmonella typhimurium, TA98, TA100, TA1535, 
TA1537, reverse mutation

– – 2000 μg/plate FDA Drug Approval 
Package (1999a)

Escherichia coli WP2 uvrA, mutation – – 2000 μg/plate FDA Drug Approval 
Package (1999a)

Gene mutation, mouse lymphoma L5178Y cells, Tk 
locus

? + NR FDA Drug Approval 
Package (1999a)

+, positive; –, negative;?, inconclusive; LED, lowest effective dose; HID, highest ineffective dose; NR, not reported; NT, not tested
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neoplasms, PPARγ agonists (troglitazone, 
150 mg/kg bw per day; rosiglitazone, 20 mg/kg bw 
per day; or NID525, 150 mg/kg bw per day) signif-
icantly increased the multiplicity of neoplasms 
(primarily adenomas) in the large intestine. The 
mechanism was not explored (Pino et al., 2004).

The administration of rosiglitazone 
(20 mg/kg bw per day for 8 weeks) to male 
C57BL/6J-ApcMin/+ mice significantly increased 
the multiplicity of tumours of the large intestine, 
and increased expression of PPARγ in the large 
intestine, and increased expression of β-catenin. 
A similar increase in tumour multiplicity, and 
β-catenin expression, was observed with trogl-
itazone, another PPARγ agonist (150 mg/kg bw 
per day) (Lefebvre et al., 1998).

Male Sprague-Dawley rats were treated with 
rosiglitazone at 8 mg/kg bw per day by gavage for 
up to 16 days. Treatment with rosiglitazone had 
modest effects on levels of the transcription factor 
Egr-1 in the bladder urothelium. Likewise, there 
was minimal effect with fenofibrate, a PPARα 
agonist. In contrast, ragaglitazar, a dual-action 
agonist of PPARα and γ, and a rat bladder carcin-
ogen, caused a substantial increase in the level of 
Egr-1. These data suggested that the co-activation 
of both PPARα and γ is required for the increased 
expression of Egr-1 (Egerod et al., 2005).

The relationship between nuclear EGR-1 
protein levels and stage of human bladder tumour 
was investigated using tissue microarrays. The 
extent of nuclear EGR-1 immunostaining was 
associated with a higher risk of progression to 
stage T2–T4 cancer of the bladder (Egerod et al., 
2009a).

Male Sprague-Dawley rats given rosiglita-
zone plus fenofibrate expressed Egr-1 protein on 
both the dorsal and ventral regions of the urinary 
bladder (Egerod et al., 2009b).

In male Sprague-Dawley rats, rosiglitazone 
(given by gavage at 8 or 20 mg/kg bw per day for 
7 days) had minimal effects on the levels of the 
transcription factor Egr-1 in the bladder urothe-
lium, heart, or liver. In contrast, fenofibrate, a 

PPARα agonist, increased the levels of Egr-1 in 
the liver and heart (Egerod et al., 2010).

4.5 Susceptibility

No data were available to the Working Group.

4.6 Mechanistic considerations

Pioglitazone, a PPARγ agonist, has been 
implicated in cancer of the urinary bladder in 
rats, and rosiglitazone, which is also a PPARγ 
agonist, promotes cancer of the urinary bladder 
in rats, and possibly tumours of the kidney in 
mice. Four mechanisms of carcinogenicity have 
been considered in rats treated with PPARγ 
agonists: (i) genotoxicity of metabolites formed 
from the agonists; (ii) cytotoxicity of the agonists 
or their metabolites in the urothelium, causing 
cancer due to a proliferation-driven chronic 
“wound-healing response”; (iii) formation of 
urinary solids (urolithiasis), due to urinary 
changes induced by the agonists or their metab-
olites, which results in chronic irritation of the 
urothelium; and (iv) a receptor-mediated effect 
of the agonists, with carcinogenesis caused by 
activation of PPARγ transcription factors in 
the urothelium. These mechanisms may not be 
mutually exclusive.

4.6.1 Genotoxicity

When assessed using a standard battery of 
assays for genotoxicity, pioglitazone and rosigl-
itazone have typically given negative results; 
nonetheless, there are exceptions. Certain 
metabolites of pioglitazone and rosiglitazone 
have given positive results in the assay for gene 
mutation in mouse lymphoma cells and, more 
recently, pioglitazone has been reported to 
increase the frequency of chromosomal aberra-
tion, sister chromatid exchange, and formation 
of 8-oxodeoxyguanosine in human peripheral 
blood lymphocytes, and both pioglitazone and 
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rosiglitazone gave positive results in comet assays 
in liver cells and peripheral blood lymphocytes 
from rats. Thus, while perhaps not the primary 
mechanism, the contribution of genotoxicity 
to the carcinogenic activity of pioglitazone or 
rosiglitazone in the urothelium of rats cannot 
presently be excluded.

4.6.2 Agonist cytotoxicity

Pioglitazone and rosiglitazone are lipophilic 
drugs that are excreted to a limited extent in the 
urine of rats. Since urothelial carcinogenesis is 
typically considered to be mediated by direct 
urinary exposure to the drugs or their metabo-
lites, rather than through systemic distribution 
in the blood, a mechanism involving cytotoxicity 
as a result of direct exposure to the agonists or 
their metabolites appeared unlikely.

4.6.3 Urolithiasis

The induction of tumours of the urinary 
bladder in rodents as a consequence of the forma-
tion of urinary solids has been documented for 
several compounds, including carbonic anhy-
drase inhibitors, HIV protease inhibitors, and 
sulfonamides. PPARγ agonists are known to 
cause fluid accumulation, oedema, cardiac 
enlargement, and heart failure, effects that can 
lead to significant changes in urine composi-
tion. The administration of pioglitazone to rats 
results in the formation of urinary solids. This 
occurs to a greater extent in rats than in mice, 
and in male rats than in female rats; these trends 
correspond to the greater susceptibility of rats 
compared with mice, and of male rats compared 
with female rats, to the induction of urothelial 
tumours upon the administration of pioglitazone. 
Further support for a urolithiasis-based mecha-
nism comes from the observation that tumours 
arising from pioglitazone occur predominantly 
on the ventral surface of the bladder, the region 
where urinary solids would settle in rat bladders, 

and that acidifying the urine through the admin-
istration of ammonium chloride in the diet 
decreases the amount of urinary solids and the 
extent of tumorigenesis in the urinary bladder. 
Urinary acidification did not alter the expression 
of PPARα, PPARγ, or epidermal growth factor 
receptor in the rat bladder urothelium, which 
suggests that a receptor-mediated mechanism 
is not involved in the tumorigenic response. A 
similar urolithiasis-based mechanism has been 
proposed for muraglitazar, a dual-action PPARα 
and PPARγ agonist (Achanzar et al., 2007).

4.6.4 Receptor-mediated effect

Although a urolithiasis-based mechanism 
appears plausible for induction of tumours of 
the bladder in rats treated with pioglitazone, 
such a mechanism cannot explain the tumours 
of the bladder observed in rats given rosiglita-
zone after initiation with BBN (because urinary 
solids were not observed; Lubet et al., 2008), the 
promotion of intestinal neoplasms in susceptible 
mouse strains given pioglitazone, rosiglitazone, 
or other PPARγ agonists such as troglitazone or 
NID525 (Lefebvre et al., 1998; Pino et al., 2004), 
the induction of tumours of the kidney in mice 
exposed to mainstream cigarette smoke and 
then pioglitazone (La Maestra et al., 2013), or 
the induction of tumours of the urinary bladder 
in rats treated with naveglitazar, a γ-dominant 
PPARα and PPARγ agonist (Long et al., 2008).

The promoting activity of rosiglitazone in the 
rat bladder has been attributed to an increased 
expression of Egr-1, ribosomal S6 protein phos-
phorylation, and c-Jun transcription factor 
phosphorylation, which can lead to hypertrophy, 
hyperplasia, and subsequently urothelial-cancer 
progression. While these responses appear to be 
greater with the dual-acting PPARα and PPARγ 
agonist ragaglitazar, a modest response does 
occur with rosiglitazone (Egerod et al., 2005, 
2009b, 2010). Furthermore, pioglitazone also 
shows modest PPARα agonist activity that may 
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contribute to the mechanism of induction of 
tumours of the bladder (Sakamoto et al., 2000). 
The induction of intestinal neoplasms in suscep-
tible mouse strains treated with PPARγ agonists 
may be a consequence of increased expression 
of β-catenin protein, which activates transcrip-
tion factors associated with colon tumorigenesis 
(Lefebvre et al., 1998; Pino et al., 2004).

5. Summary of Data Reported

5.1 Exposure data

Thiazolidinediones are a unique class of 
synthetic oral drug that exert direct effects on 
the mechanisms of insulin resistance, and result 
in improved insulin action and reduced hyperg-
lycaemia. Two thiazolidinediones, rosiglitazone 
and pioglitazone, initially showed great promise 
as receptor-mediated oral therapy for type 2 
diabetes mellitus.

Pioglitazone hydrochloride is approved in 
some countries for the treatment of type 2 diabetes 
mellitus. It is available both as a single agent and 
in combination with other oral medications for 
diabetes. Until 2009, pioglitazone was among the 
most widely used oral drugs for the treatment 
of type 2 diabetes mellitus. Use of pioglitazone 
hydrochloride has declined following studies 
suggesting links to cancer of the bladder, heart 
failure, and bone fractures. While regulatory 
agencies in France and Germany banned piogli-
tazone in 2011, global sales remained substantial 
at US$ 3.3 billion in 2012.

Rosiglitazone maleate is approved in some 
countries for the treatment of type 2 diabetes 
mellitus. It is available both as a single agent and 
in combination with other oral medications for 
diabetes. Until 2007, rosiglitazone was among 
the most widely used oral drugs for treatment 
of type 2 diabetes. Use of rosiglitazone has 
declined over the last few years following studies 
suggesting links to heart attack, heart failure, 

and bone fractures. While this agent is banned 
in Europe and restricted in the USA, substan-
tial use continues in some countries, including 
China (global sales of US$ 41 million).

5.2 Human carcinogenicity data

5.2.1 Cancer of the bladder

The risk of cancer of the bladder associated 
with the use of pioglitazone and rosiglitazone was 
assessed in several studies, some with overlap-
ping populations, from Europe, North America 
and Asia. Some subjects may have received both 
drugs (in sequence) at some time during treat-
ment for diabetes.

Information for pioglitazone was evaluated 
in one large randomized controlled trial, four 
cohort studies, and three case–control studies, 
some with overlapping study populations. 
Ever-use of pioglitazone was associated with 
an increased risk of cancer of the bladder in 
all studies except one case–control study from 
Taiwan, China, across all study designs and 
geographical regions, with risk ratios that ranged 
from 1.2 in the observational studies to a nearly 
threefold statistically significant increase in the 
randomized controlled trial. In this trial, the 
Working Group noted the excess occurrence of 
these cancers (14 in the treatment group versus 
5 in the placebo group) within a short follow-up 
time (11 of the bladder cancers occurred within 
1 year of randomization), and the large number of 
patients enrolled, and double-blind experimental 
design resulting in the balance of confounding 
factors at baseline.

Dose–response relationships were assessed 
in five studies, three of which were high-quality 
population-based studies (which adjusted for 
smoking or chronic obstructive pulmonary 
disease in the absence of data on smoking) 
conducted within the large health insurance 
databases from the USA, United Kingdom, and 
Taiwan, China. Greater risks were reported with 
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higher dosage or longer use in the case–control 
study in the United Kingdom, and in the cohort 
study in the USA. Observation of a dose–response 
relationship helped to mitigate concerns about 
potential confounding by most risk factors; 
nevertheless, the magnitude of the excess risks 
observed was modest and some estimates were 
imprecise.

Among ever-users of rosiglitazone, with data 
available from two case–control studies and 
two cohort studies, risk ratios for cancer of the 
bladder were close to the null in all except one 
study from the United Kingdom.

The Working Group was unable to consist-
ently rule out confounding, selection bias, detec-
tion bias, and bias related to indication or severity 
of disease in the populations studied as poten-
tial explanations for positive associations with 
pioglitazone. Most of the studies were based on 
medical databases, which allowed for adjustment 
for potential confounding by medical factors, 
but did not permit direct control for cigarette 
smoking and other risk factors. However, for 
pioglitazone, increased risks were consistently 
seen in the studies that adjusted for smoking (one 
cohort study from the USA, two studies from the 
United Kingdom, and one study from Taiwan, 
China that adjusted for chronic obstructive 
pulmonary disease), as well as those that did not. 
The potential for confounding by smoking is also 
mitigated by the fact that, in the same studies, 
there was no consistent evidence of cancer of 
the lung and elevated risks were not found 
among rosigilitazone users in the same studies. 
Furthermore, an excess of cancer of the bladder 
among pioglitozone users, and not cancer of the 
lung, was observed in the trial that randomized 
for potential confounders including smoking.

5.2.2 Other cancer sites

The risk of cancers at several other sites, 
including the liver, kidney, colorectum, lung, 
prostate, and breast, among patients using 

pioglitazone and rosiglitazone has also been eval-
uated in studies using cohort and case–control 
designs. No consistent pattern of increased risk 
was reported for any other specific cancer site, or 
for all cancers combined for either drug.

5.3 Animal carcinogenicity data

5.3.1 Pioglitazone

In a 2-year study in mice treated by gavage, 
pioglitazone produced increases in the incidence 
of benign pheochromocytoma of the adrenal 
gland in males and increases in the incidence 
of leiomyosarcoma of the uterine cervix in 
females. Administration of pioglitazone in the 
feed caused a significant increase in the inci-
dence of large intestine adenoma in one study 
in genetically engineered male mice sensitive to 
intestinal carcinogenesis. In a study in male and 
female neonatal mice, pioglitazone in the feed 
promoted mainstream cigarette smoke-induced 
kidney adenoma in females.

In a first 2-year study in rats treated by 
gavage, pioglitazone induced a significant posi-
tive trend in the incidence of transitional cell 
carcinoma of the urinary bladder and a signif-
icant positive trend in the incidence of subcu-
taneous fibrosarcoma of the subcutis in males. 
It also caused a significant positive trend in the 
incidence of subcutaneous lipoma in females. 
In a second 2-year study in male rats treated by 
gavage, pioglitazone caused a significant increase 
in the incidence of transitional cell papilloma of 
the urinary bladder.

5.3.2 Rosiglitazone

Administration of diets containing rosigli-
tazone caused a significant increase in the inci-
dence of large intestine adenoma in one study 
in genetically engineered male mice sensitive 
to intestinal carcinogenesis. In a 2-year study 
in male and female mice treated by gavage, a 
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significant increase in the incidence of liver 
haemangiosarcoma was observed in males, but 
this was not treatment-related.

In a 2-year study in rats treated by gavage, 
rosiglitazone induced significant increases in the 
incidence of subcutaneous lipoma in males and 
females.

In two studies in female mice, coexposure 
to N-butyl-N-(4-hydroxybutyl)nitrosamine 
plus rosiglitazone significantly increased the 
incidences of N-butyl-N-(4-hydroxybutyl)
nitrosamine-induced carcinoma of the urinary 
bladder.

5.4 Mechanistic and other relevant 
data

Pioglitazone and rosiglitazone undergo 
extensive phase I metabolism. Although piogl-
itazone and rosiglitazone have typically given 
negative results when assessed in standard 
batteries of genotoxicity assays, exceptions have 
been noted. Certain pioglitazone metabolites 
and rosiglitazone have given positive results in 
assays in the mouse lymphoma cells; pioglitazone 
increased the levels of chromosomal aberration, 
sister chromatid exchange, and 8-oxodeoxy-
guanosine in human peripheral blood lympho-
cytes; and both pioglitazone and rosiglitazone 
gave positive results in comet assays in liver cells 
and peripheral blood lymphocytes from rats. 
Four mechanisms have been considered for the 
induction of bladder tumours in rats admin-
istered pioglitazone (genotoxicity of pioglita-
zone metabolites; cytotoxicity, urolithiasis, and 
PPARγ and α receptor-mediated effects). While 
not mutually exclusive, data supporting urolith-
iasis and receptor-mediated mechanisms appear 
to be the strongest. Likewise, receptor-medi-
ated effects may play a role in the tumorigenic 
response observed in other experimental models 
(e.g. intestinal neoplasia in mice).

6. Evaluation

6.1 Cancer in humans

There is limited evidence in humans for the 
carcinogenicity of pioglitazone. A positive asso-
ciation has been observed between pioglitazone 
and cancer of the bladder.

There is inadequate evidence in humans for 
the carcinogenicity of rosiglitazone.

6.2 Cancer in experimental animals

There is sufficient evidence in experimental 
animals for the carcinogenicity of pioglitazone.

There is limited evidence in experimental 
animals for the carcinogenicity of rosiglitazone.

6.3 Overall evaluation

Pioglitazone is probably carcinogenic to 
humans (Group 2A).

Rosiglitazone is not classifiable as to its 
carcinogenicity to humans (Group 3).
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