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WHAT IS ALREADY KNOWN ABOUT

• Epidemiological studies suggest a
protective effect of metformin on cancer.

• A meta-analysis of clinical trials could not

• Metformin inhibits the growth of bladder
cancer cells in vitro and in vivo and may
diminish recurrence and progression of
non-invasive bladder cancer and recurrence
and mortality after radical cystectomy.

• Metformin has no protective effect on the
risk of bladder cancer.

• This study confirms the importance to use
data from incident users in
pharmacological epidemiology in order to
eliminate time related bias and to obtain
reliable results.
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THIS SUBJECT

AIM
The aim of this study was to look at the influence of metformin intake
and duration, on urinary bladder cancer (UBC) risk, with sulfonylurea
(SU) only users as control using a new user design (inception cohort).
confirm this protective effect.

METHODS
We conducted a retrospective cohort study using data from the UK
Clinical Practice Research Datalink (CPRD) including all patients with at
least one prescription of oral anti-diabetic drugs (ADD) and/or insulin.
The risk of UBC in different groups of ADD users (metformin alone
(one), metformin in combination (two) with other ADD medication
(glinides, glitazones, DPP-4-inhibitors, SUs, insulin or more than one
combination), all metformin users (1 + 2) was compared with SU only
users using Cox proportional hazards models. The estimates were
adjusted for age, gender, smoking status, BMI and diabetes duration.
WHAT THIS STUDY ADDS
 RESULTS
The inception cohort included 165 398 participants of whom 132 960
were metformin users and 32 438 were SU only users. During a mean
follow-up time of more than 5 years 693 patients developed UBC, 124
of the control group and 461 of the all metformin users. There was no
association between metformin use and UBC risk (HR = 1.12, 95% CI
0.90, 1.40) compared with SU only users, even after adjustment for
diabetes duration (HR = 1.13, 95% CI 0.90, 1.40). We found a pattern of
decreasing risk of UBC with increasing duration of metformin intake,
which was statistically not significant.
CONCLUSION
Metformin has no influence on the risk of UBC compared with SU in
type 2 diabetes patients using a new user design.
015 The British Pharmacological Society



Metformin and the risk of bladder cancer
Introduction

In 2014, in the United Kingdom (UK) 5.4% of the popula-
tion was a diabetes patient while worldwide, diabetes
mellitus affected 387 million adults (aged 20–79 years)
causing nearly five million deaths [1]. In 2012, more than
400 000 bladder cancer (UBC) cases occurred worldwide,
making it the seventh most common type of cancer [2].
Although most cohort and case–control studies demon-
strated an increased risk of UBC due to type 2 diabetes
compared with non-diabetic controls with a relative risk
(RR) ranging from 1.11 (95% CI 1.00, 1.23) to 1.32 (95%
CI 1.18, 1.49) adjusted for smokers [3–5], neither the risk
of UBC nor the mortality from UBC was increased in pa-
tients with type 1 and patients with type 2 diabetes in
the UK Clinical Practice Research Datalink (CPRD) with a
hazard ratio (HR) of 0.77 (95% CI 0.57, 1.05) and 1.04
(95% CI 0.96, 1.14) for type 1 and 2 diabetes, respectively
[6]. The influence of different anti-diabetic drugs (ADD),
especially metformin, on the risk of UBC is still unclear.
The reduction of circulating levels of insulin and insulin-
like growth factor 1 (IGF-1) by metformin might be asso-
ciated with anticancer action. Insulin/IGF-1 are involved
not only in regulation of glucose uptake but also in carci-
nogenesis through up-regulation of the insulin/IGF
receptor signalling pathway. Furthermore, metformin is
thought to inhibit the mammalian target of rapamycin
(mTOR) pathway, which plays a pivotal role in metabo-
lism, growth and proliferation of cancer cells [7] Currently
metformin, as an anti-cancer drug, is under investigation
in 199 clinical trials [8]. Metformin, as well as sulfonylurea
(SU), are used as a first line treatment for type 2 diabetes
and both are used in monotherapy in early stage of type
2 diabetes [9, 10]. Epidemiological evidence suggests
that metformin reduces the risk of cancer [11–14],
including bladder cancer [15] and cancer-related mortality
[16, 17]. Metformin inhibits the growth of bladder cancer
cells in vitro and in vivo [18, 19] andmay diminish recurrence
and progression of non-invasive bladder cancer and
recurrence and mortality after radical cystectomy [20, 21].
However, epidemiological studies were likely subject to
confounding by indication and were not designed to
differentiate between the effect of the drug from that
of the underlying disease. A recent meta-analysis of ran-
domized clinical trials (RCT) evaluating cancer outcome
in patients using metformin did not confirm the hypoth-
esis that metformin lowers cancer risk [22]. RCTs are less
subject to time-related bias than observational studies.
Time-related biases [23] include immortal time bias, a
bias introduced with time-fixed cohort analyses that mis-
classify unexposed time as exposed as is the case in the
study from Bowker et al. [17] time-window bias, a bias
introduced because of differential exposure opportunity
time windows between subjects as is the case in the
study from Ngwana et al. [14] and time-lag bias, a bias
introduced by comparing treatments given at different
stages of the disease as in the study from Libby et al.
[13]. Analyzing patients according to time since the start
of the medication under surveillance using a new user
design [24] or inception cohort, prevents time-related
bias and brings the results to fall in line with the results
from clinical trials [25].

We examined the influence of metformin intake,
including duration, on UBC risk, with SU only users as
control using a new user design (inception cohort).
Methods

Data sources
We conducted a retrospective cohort study using data
from the UK Clinical Practice Research Datalink (CPRD)
(January 1987�October 2013). The CPRD comprises pro-
spectively collected computerized medical records of
over 10 million patients under the care of more than
600 general practitioners (GPs) in the United Kingdom
(UK). The Read classification [26] is used to enter medical
diagnoses and procedures, and prescriptions are
recorded based on the UK Prescription Pricing Authority
Dictionary [27]. The recorded information on diagnoses
and drug use has been validated and proven to be of
high quality [28, 29].

Study population
All patients with at least one prescription of ADDs (oral
non-insulin anti-diabetic drugs (NIAD) and/or insulin)
and aged 18 years or older during the period of CPRD
data collection were included. The date of the first ADD
prescription was defined as the index date (baseline or
t0) of the start cohort. From this start cohort, all subjects
with missing data for smoking status, a history of any
cancer prior to the index date, except non-melanoma
skin cancer, a diagnosis of gestational diabetes or sec-
ondary diabetes ever during follow-up were excluded.
Furthermore, all ADD users with diagnoses of both type
1 and 2 diabetes and all ADD users with diagnoses of
type 1 diabetes were excluded as were all ADD users with
only insulin use at baseline and younger than 30 years.
The full cohort was further restricted to all patients with
at least 1 year without exposure to ADDs before the start
of treatment (t0), (1 year of non-use or washout prior to
t0) to create the inception cohort. All study participants
were followed up from the index date to either the end
of data collection, the date of transfer of the patient out
of the practice area, or the patient’s death.

Exposure
Patients with type 2 diabetes were all patients with a for-
mal diagnosis of type 2 diabetes or using an oral ADD at
index date. The total period of follow-up for each patient
was divided into fixed time periods of 90 days. Age was
determined at the start of each interval. Gender, smoking
Br J Clin Pharmacol / 80:6 / 1465
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status and BMI were determined at baseline. Diabetes
duration was assessed retrospectively by estimating the
time since the date of the first ADD prescription (the in-
dex date, t0). Diabetes control was assessed in a time-
dependent manner using the most recent HbA1c record
before the start of each time interval in the previous year.

Current exposure to all ADDs was assessed at the start
of each interval in a time-dependent manner. Current
use was defined as a prescription at the start date or in
the 90 days before. Current use was further stratified by
type of ADD. Additional to insulin, the following classes
of ADDs were defined: biguanides (metformin), sulfony-
lureas (SUs) (glibenclamide, gliclazide, glimepiride,
glipizide, gliquidon), glinides (repaglinide), glitazones
or thiazolidinesdiones (pioglitazone, rosiglitazone),
dipeptidyl peptidase-4 inhibitors (DPP-4-inhibitors)
(saxagliptin, sitagliptin, vildagliptin). All NIADs not be-
longing to these specific categories were combined in a
separate category (other ADD users). This category
contained the following groups: glinides only, glitazones
only, DPP-4-inhibitors only, insulin only, SUs combined
(not-metformin) and others including incretinemimetica
(exenatide, liraglutide). When there was no prescription
in the 90 days before the start of an interval, the interval
was classified as past use.

Controls were those patients who had used SUs
alone.

Outcomes
Patients were followed up for the occurrence of a first
medical record for bladder cancer, as defined by Read
codes in CPRD.

Potential confounders
The major covariates of interest included age, gender,
smoking status and BMI. Smoking status was characte-
rized at baseline as current, former or non-smoker. Age
was assessed in a time-dependent manner. Additional
covariates were retinopathy and neuropathy as a
measure for diabetes complications, HbA1c as a measure
for diabetes control and diabetes duration.

Statistical analysis
Analyses were conducted using Cox proportional
hazards models. Risks were estimated for an inception
cohort of new ADD users using a 1 year lead-in time.
The full cohort was therefore restricted to patients
starting with metformin or SU alone within the study pe-
riod with at least 1 year without exposure to ADDs before
the start of treatment (t0). Study follow-up for endpoints
began at precisely the same time as initiation of therapy,
or t0. Data for all patient characteristics were obtained at
time t0.

The risk of UBC in different groups of ADD users was
compared with SU only users. This analysis was stratified
by ADD use: metformin alone (one), metformin in
1466 / 80:6 / Br J Clin Pharmacol
combination (two) with other ADD medication (glinides,
glitazones, DPP-4-inhibitors, SUs, insulin or more than
one combination), all metformin users (1 + 2). The esti-
mates were adjusted for age, gender, smoking status
and BMI and diabetes duration. The risk of UBC for pa-
tients with incident type 2 diabetes was further stratified
by continuous duration (a gap of 30 days was allowed) of
metformin intake and gender. A sensitivity analysis was
carried out in the full cohort assessing the risk of UBC in
the same groups of ADD users as the first analysis com-
pared with SU only users. These estimates were adjusted
for age, gender, smoking status, BMI and for retinopathy,
neuropathy and HbA1c. Three more sensitivity analyses
were carried out each time excluding cases of bladder
cancer 180 days, 360 days and 720 days after ADD initia-
tion (t0) to explore the effect of pre-existing cancer.

All data management and statistical analyses were
conducted using SAS® 9.2 software.

This study was approved by the Medicines and
Healthcare products Authorities’ Independent Scientific
Advisory Committee, protocol number 13_050R.
Results

In total, 392 544 patients aged 18 years and older, were
identified with at least one prescription for an ADD
during the period of CPRD data collection (start cohort).
After exclusion of 1983 patients with a diagnosis of ges-
tational diabetes, 485 patients with secondary diabetes,
34 955 patients with cancer prior to index date, 13 416
patients with missing data for smoking status during
follow-up, 7614 patients diagnosed with type 1 and 2
diabetes at baseline, 49 997 patients with diagnosis of
type 1 diabetes and 2376 patients with only insulin use
at baseline and younger than 30 years, the full cohort
consisted of 290 918 participants. Limiting the full cohort
to incident ADD users with a 1 year lead-in time, reduced
the population further to 165 398 participants of which
132 960 were metformin users and 32 438 were SU only
users (Figure 1).

Table 1 shows baseline characteristics of the inception
cohort. SU users were older (66 years) at index date com-
pared with the metformin users (58 years). Approximately
50% of the ADD users were non-smokers. Sixty percent of
the metformin only users had a BMI of 30 kg m�2 or above
in contrast with only one fourth of the control subjects. A
small percentage (around 3%) of the ADD users had already
neuropathy and retinopathy at baseline.

During a mean follow-up of more than 5 years 693 pa-
tients developed UBC, 124 of the control group and 461
of the all metformin users (Table 2). There was no associ-
ation between metformin use and UBC risk (HR = 1.12,
95% CI 0.90, 1.40) compared with SU only users, even af-
ter adjustment for diabetes duration (HR = 1.13, 95% CI
0.90, 1.40). The results (HR = 1.05, 95% CI 0.89, 1.24) for



Figure 1
Flowchart of study subjects

Metformin and the risk of bladder cancer
ADD users in the full cohort were similar (Table 3). Adjust-
ment for history of complications (neuropathy, retinopa-
thy) and the severity of diabetes (HbA1c) did not alter the
risk (Table 3).

For incident metformin users, we noticed a non-
significant increased risk of UBC (HR = 1.14, 95% CI 0.88,
1.48) during the first year after the first ADD prescription,
compared to controls, disappearing in subsequent years
(Table 4). There was a not significant linear association be-
tween the risk of bladder cancer over time (Ptrend =0.07).
There was no difference in UBC risk between male and
female metformin users (HR = 1.12, 95% CI 0.86, 1.47 and
0.86, 95% CI 0.52, 1.42, respectively).
Discussion

We found no association between incident metformin
users and UBC risk compared with incident SU users.
Even if there was a pattern of decreasing risk of UBC with
increasing duration of metformin intake, it was not statis-
tically significant. Our results were in line with the find-
ings of a similar study, the UK Inception Cohort Study
using The Health Improvement Network database [30].

We showed that the metformin users were on ave-
rage younger than the SU users (58 vs. 66.8 years) and
more obese (nearly 60% had a BMI above 30 kg m�2).
These findings confirm that metformin is the first choice
Br J Clin Pharmacol / 80:6 / 1467



Table 1
Baseline characteristics of incident ADD users (inception cohort)

Sulfonylurea (SU) †
only users

Metformin only
users

Characteristics n = 32 438 (%) n = 132 960 (%)

Follow-up time (years)

Mean (SD) 7.6 (5.2) 5.3 (3.7)

Median (IQR) 7.0 (3.0–11.6) 4.6 (2.2–7.7)

Sex

Female 13 817 (42.6) 63 709 (47.9)

Male 18 621 (57.4) 69 251 (52.1)

Age at index date (years)

Mean (SD) 66.0 (13.2) 58.3 (14.8)

Median 67 60

By category

18–29 157 (0.5) 5756 (4.3)

30–39 849 (2.6) 9825 (7.4)

40–49 2828 (8.7) 18 976 (14.3)

50–59 5920 (18.3) 31 562 (23.7)

60–69 8777 (27.1) 34 996 (26.3)

70–79 8900 (27.4) 23 745 (17.9)

80+ 5007 (15.4) 8100 (6.1)

Smoking status

Never smoker 16 615 (51.2) 63 371 (47.7)

Current smoker 6248 (19.3) 25 146 (18.9)

Former smoker 9575 (29.5) 44 443 (33.4)

Body mass index (kg m
�2

)

<20 1054 (3.2) 921 (0.7)

20–24.9 8768 (27.0) 11 197 (8.4)

25–39.9 12 718 (39.2) 39 402 (29.6)

> = 30 8512 (26.2) 79 758 (60.0)

Unknown 1386 (4.3) 1682 (1.3)

HbA1c on index date
(mean (SD))

9.2 (2.1) 8.5 (1.8)

History of complications

Neuropathy 829 (2.6) 4574 (3.4)

Retinopathy 953 (2.9) 4551 (3.4)

Incident, all index patients are included after 1 year lead-in time without anti-
diabetic drugs (ADD) prescription; IQR, interquartile range; SD, standard deviation.
†Glibenclamide, gliclazide, glimepiride, glipizide, gliquidon. Due to the large
sample sizes, all analyses of baseline characteristics are statistically significant.

M. E. Goossens et al.
for obese type 2 diabetes patients because metformin
offers glucose lowering with some weight loss [10, 31].

Although this study has many strengths, there are
several limitations. The CPRD is a large population-based
cohort representative of the total UK population. Con-
sulting rates for diabetes in the CPRD have been com-
pared with equivalent data from the 4th National
Morbidity Survey in General Practice confirming the va-
lidity of the morbidity data in the CPRD [29]. Since
2004, GPs are stimulated to provide ‘quality care’ by the
Quality and Outcomes Framework (QOF). The UK has a
National Service Framework (NSF) for Diabetes [32].
Guidelines to be followed by the GPs are outlined in
1468 / 80:6 / Br J Clin Pharmacol
the guideline for type 2 diabetes [10] of the National
Institute for Health and Care Excellence (NICE). Although
guidelines for the treatment of type 2 diabetes have
changed over time, the general approach has remained
fairly consistent: blood glucose lowering therapy is
started in a step-up system if HbA1c is equal to or more
than 6.5% after lifestyle interventions. The first step is
monotherapy with metformin or SU. In a second step,
dual and even triple therapy of NIAD which may be com-
bined with insulin therapy, and ultimately insulin mono-
therapy are used if HbA1c is still equal to or more than
6.5% [10, 33, 34].

The CPRD comprises electronic medical records from
British GPs. Diagnosis of bladder cancer depends on the
registration of this diagnosis in the database by the GP
and patients can be subject to non-adherence of their
therapy. So, underestimation of bladder cancer cases is
possible, but should be equal in both groups. Despite
the fact that the CPRD contains data from over 10 million
patients, bladder cancer patients are still limited as is the
follow-up time. The median follow-up time of metformin
only users is 4.6 years with a maximum of 7.7 years. Dia-
betes patients are on metformin alone during a limited
time of their disease. As their diabetes progresses, a com-
bination of ADDs may be necessary.

We were able to collect a large inception cohort of
type 2 diabetes patients (n = 165 398) reducing our co-
hort to all new patients with a formal type 2 diabetes di-
agnosis or ADD use. All analyzed patients had data on
smoking status, the main confounder for bladder cancer.
Although this cohort still contained 12 841 women with
diagnosis of polycystic ovarian syndrome (PCOS), rare
off-label indications are unlikely affect pharmacological
hypothesis. A sensitivity-analysis excluding these PCOS
patients estimating the risk of bladder cancer in diabetes
patients compared with non-diabetes controls did not al-
ter the results in the same cohort of diabetic patients [6].
We preferred to use an inception cohort instead of a
nested case–control design. While the nested case–
control design allows for statistically efficient analysis of
data from a cohort with substantial savings in cost and
time especially when a lot of covariates are included in
the model for more rare diseases in databases [35], using
a new user design consistently avoids time-related biases
as described by Suissa & Azouly [23]. Immortal time has
been avoided by including patients as new users of met-
formin or SU after a 1 year lag period before enrolment in
the inception cohort. Both drugs are first line treatment
for type 2 diabetes, so both groups are in the same stage
of their disease avoiding time lag bias by comparing first
line treatment with second or third line treatments.
Metformin and SU use have been analyzed in a time-
dependent way. The different continuous duration of
metformin intake was compared with the same strata
of SU only use to avoid time-window bias. Whereas
the nested case–control approach is described by



Table 2
Risk of bladder cancer in incident metformin users compared with incident sulfonylurea (SU) only users

Exposure category Bladder cancer n = 693

Age/gender adj HR

Adj HR (95% CI) † Adj HR (95% CI) ‡(95% CI)

SU only use 124 Reference

All metformin users (1 + 2) 461 1.15 (0.92, 1.43) 1.12 (0.90, 1.40) 1.13 (0.90, 1.40)

Metformin only users (1) 247 1.08 (0.86, 1.37) 1.06 (0.84, 1.34) 1.03 (0.81, 1.31)

Metformin in combination users (2) 214 1.23 (0.97, 1.56) 1.21 (0.95, 1.54) 1.27 (0.99, 1.62)

Metformin with SUs 129 1.24 (0.95, 1.60) 1.22 (0.94, 1.58) 1.27 (0.97, 1.65)

Metformin with glinides § <5 events 1.83 (0.45, 7.41) 1.80 (0.44, 7.32) 1.87 (0.46, 7.59)

Metformin with glitazones ¶ 23 1.15 (0.73, 1.83) 1.12 (0.71, 1.78) 1.15 (0.72, 1.83)

Metformin with DPP-4 inhibitors * 7 1.37 (0.63, 2.99) 1.33 (0.61, 2.90) 1.33 (0.61, 2.91)

Metformin with insulin 14 1.11 (0.63, 1.94) 1.07 (0.61,1.89) 1.19 (0.67, 2.13)

Metformin with more than one combination 39 1.27 (0.87, 1.86) 1.23 (0.84, 1.81) 1.33 (0.90, 1.97)

Other ADD users 58 1.53 (1.11, 2.12) 1.52 (1.10, 2.10) 1.57 (1.13, 2.19)

Insulin only 26 1.77 (1.15, 2.72) 1.75 (1.14, 2.69) 1.92 (1.24, 2.99)

Glitazones only <5 events 1.02 (0.38, 2.79) 1.01 (0.37, 2.76) 1.03 (0.38, 2.81)

DPP-4-inhibitors only <5 events 2.37 (0.75, 7.53) 2.31 (0.73, 7.34) 2.29 (0.72, 7.29)

Glinides only <5 events 2.05 (0.29, 14.71) 2.09 (0.29,14.98) 2.14 (0.30, 15.31)

SUs combined (not with metformin) 21 1.29 (0.81, 2.07) 1.28 (0.80, 2.06) 1.37 (0.85, 2.20)

Others <5 events 2.44 (0.77, 7.71) 2.40 (0.76, 7.59) 2.58 (0.81, 8.20)

Past SU user (not metformin with SU) 16 0.66 (0.39, 1.11) 0.67 (0.39, 1.12) 0.68 (0.40, 1.14)

Past metformin user (e.g. only insulin) 23 0.54 (0.34, 0.86) 0.52 (0.33,0.83) 0.52 (0.33, 0.83)

Past other 11 0.37 (0.20, 0.69) 0.36 (0.19, 0.67) 0.37 (0.20, 0.70)

CI, confidence interval; HR, hazard ratio; Incident, all index patients are included after 1 year lead-in time without anti-diabetic drugs (ADD) prescription; SU, glibenclamide,
gliclazide, glimepiride, glipizide, gliquidon. †Adjusted for age, gender, smoking and BMI. ‡Adjusted for † and duration of diabetes. §Repaglinide. ¶Pioglitazone, rosiglitazone.
*Saxagliptin, sitagliptin, vildagliptin.

Table 3
Risk of bladder cancer in metformin users compared with sulfonylurea (SU) only users as controls (full cohort)

Exposure category

Bladder cancer Age/gender adj HR

Adj HR (95% CI) † Adj HR (95% CI) ‡n = 1196 (95% CI)

SU only use 219 Reference

All metformin users (1 + 2) 760 1.07 (0.91, 1.26) 1.04 (0.88, 1.23) 1.04 (0.88, 1.23)

Metformin only users (1) 299 0.95 (0.79, 1.15) 0.92 (0.76, 1.11) 0.92 (0.76, 1.11)

Metformin in combination users (2) 461 1.16 (0.98, 1.38) 1.14 (0.96, 1.35) 1.13 (0.95, 1.35)

Metformin with SUs 253 1.12 (0.93, 1.35) 1.10 (0.91, 1.33) 1.10 (0.91, 1.33)

Metformin with glinides § 6 1.90 (0.84, 4.29) 1.86 (0.82, 4.19) 1.86 (0.82, 4.20)

Metformin with glitazones ¶ 40 1.14 (0.80, 1.61) 1.09 (0.77, 1.54) 1.09 (0.77, 1.54)

Metformin with DPP-4 inhibitors * 7 0.93 (0.44, 2.00) 0.89 (0.41, 1.91) 0.89 (0.42, 1.91)

Metformin with insulin 59 1.23 (0.91, 1.65) 1.20 (0.89, 1.61) 1.18 (0.88, 1.60)

Metformin with more than one combination 96 1.26 (0.98, 1.62) 1.23 (0.95, 1.59) 1.23 (0.95, 1.59)

Other ADD users 143 1.20 (0.97, 1.50) 1.13 (0.91, 1.40) 1.11 (0.89, 1.38)

Insulin only 74 1.00 (0.77, 1.31) 1.01 (0.77, 1.31) 0.99 (0.76, 1.30)

Glitazones only 8 1.01 (0.50, 2.06) 0.98 (0.48, 2.00) 0.99 (0.48, 2.01

DPP-4-inhibitors only <5 events 1.48 (0.47, 4.65) 1.43 (0.45, 4.50) 1.43 (0.45, 4.50)

Glinides only <5 events 2.03 (0.65, 6.35) 2.05 (0.66, 6.42) 2.05 (0.65, 6.41)

SU combined (not with metformin) 48 1.29 (0.94, 1.78) 1.28 (0.93, 1.76) 1.27 (0.93, 1.75)

Others 7 1.73 (0.81, 3.69) 1.68 (0.79, 3.58) 1.67 (0.78, 3.56)

Past SU user (not metformin with SU) 27 0.67 (0.45, 0.99) 0.67 (0.45, 1.01) 0.68 (0.45, 1.01)

Past metformin user (e.g. only insulin) 28 0.49 (0.33, 0.73) 0.47 (0.32, 0.71) 0.48 (0.32, 0.71)

Past other 19 0.28 (0.17, 0.44) 0.27 (0.17, 0.44) 0.27 (0.17, 0.44)

CI, confidence interval; HR, hazard ratio; Incident, all index patients are included after 1 year lead-in time without anti-diabetic drugs (ADD) prescription; SU, glibenclamide,
gliclazide, glimepiride, glipizide, Gliquidon. †Adjusted for age, gender, smoking and BMI. ‡Adjusted for † and retinopathy, neuropathy and HbA1c. §Repaglinide. ¶Pioglitazone,
rosiglitazone. *Saxagliptin, sitagliptin, vildagliptin.

Metformin and the risk of bladder cancer
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Table 4
Risk of bladder cancer in incident metformin only users compared with controls, by duration of metformin only intake and gender

Exposure category

Bladder cancer
n = 693

Age/gender adj HR

Adj HR (95% CI) †(95% CI)

SU only use 124 Reference

All metformin users 461 1.15 (0.92, 1.43) 1.12 (0.90, 1.40)

Metformin only users 247 1.08 (0.86, 1.37) 1.06 (0.84, 1.34)

By continuous duration of metformin intake ‡

No continuous duration 10 1.46 (0.76, 2.81) 1.42 (0.74, 2.72)

< 1 year 144 1.17 (0.91, 1.51) 1.14 (0.88, 1.48)

≥ 1–2 years 45 1.11 (0.78, 1.57) 1.08 (0.76, 1.54)

≥ 2–3 years 21 0.91 (0.57, 1.46) 0.89 (0.55, 1.43)

≥ 3–4 years 10 0.72 (0.38, 1.39) 0.71 (0.37, 1.35)

≥ 4–5 years 6 0.71 (0.31, 1.62) 0.69 (0.30, 1.58)

≥ 5 years 11 0.89 (0.47, 1.66) 0.87 (0.46, 1.63)

Gender

Male § 1.16 (0.88, 1.51) 1.12 (0.86, 1.47)

Female ¶ 0.85 (0.52, 1.40) 0.86 (0.52, 1.42)

Metformin in combination users 214 1.23 (0.97, 1.56) 1.21 (0.95, 1.54)

Other ADD users 58 1.53 (1.11, 2.12) 1.52 (1.10, 2.10)

Past SU user (not metformin with SU) 16 0.66 (0.39, 1.11) 0.67 (0.39, 1.12)

Past metformin user (e.g. only insulin) 23 0.54 (0.34, 0.86) 0.52 (0.33, 0.83)

Past other 11 0.37 (0.20, 0.69) 0.36 (0.19, 0.67)

CI, confidence interval; HR, hazard ratio; Incident, all index patients are included after I year lead-in time without anti-diabetic drugs (ADD) prescription; SU, glibenclamide,
gliclazide, glimepiride, glipizide, gliquidon. †Adjusted for age, gender, smoking and BMI. ‡As measured from first prescription, gaps of 30 days are allowed. §Male metformin
users vs. male controls. ¶Female metformin users vs. female controls.
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Essebag et al. [35] as a useful alternative for cohort
analysis when studying time-dependent exposures
compared with Cox regression including time-dependent
covariates, in reality there are still differences. Both
Azoulay et al. [36] and Wei et al. [37] estimated the risk
of bladder cancer in patients with type 2 diabetes ex-
posed to pioglitazone in the CPRD respectively
conducting a nested case–control study and a propensity
score matched cohort study and reporting, respectively,
an increased risk (rate ratio = 1.83, 95% CI 1.10, 3.05)
and a not increased rate (HR = 1.16, 95% CI 0.83, 1.62).

A possible shortcoming of this study is that we did not
evaluate the exposure to metformin or SU by cumulative
dosage. Patients with sporadic use of metformin were
analyzed in the first duration category (< 1 year), and
compared with the same category of SU users.

With this study we were able to confirm that time-
related bias could be an explanation of the anti-cancer
effect of metformin noticed in many epidemiological
studies. However, there is still the plausibility for metfor-
min as an anti-cancer drug in laboratory models [7] even
if some of these experiments were done with concentra-
tions exceeding those achieved with conventional doses
used for diabetes treatment [38]. Furthermore, a first pi-
lot clinical trial using metformin 500 mg daily in patients
with endometrial cancer from diagnostic biopsy to sur-
gery, presented biological evidence consistent with
anti-proliferative effects of metformin in the clinical
1470 / 80:6 / Br J Clin Pharmacol
setting [39]. The results of similar studies done in breast
cancer were inconsistent [38]. Nevertheless, trials using
more aggressive doses of biguanides or using novel
biguanides may be expected in the future [40].

We noticed a non-significantly increased risk of UBC
(HR = 1.14, 95% CI 0.88, 1.48) during the first year after
the first ADD prescription, compared with controls. A
same increase in risk has been seen after diabetes diag-
nosis [6] most likely indicating the presence of detection
bias. The sensitivity analyses inducing a time lag period
of 180, 360 or 720 days did not confirm the hypothesis
that the increased risk detected during the first year
was due to metformin (HR = 1.11, 95% CI 0.84, 1.47 for
360 days time lag period).

After avoiding all time-related biases, we could not
detect a protective effect of metformin for the risk of
UBC. The effect of metformin on the recurrence and pro-
gression of UBC was beyond the scope of this study and
requires further investigation.

In conclusion, metformin has no influence on the risk
of UBC compared with sulfonylurea in type 2 diabetes
patients using a new user design.
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