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Abstract
Aims/hypothesis Type 2 diabetes has been associated with
an increased risk of cancer. This study examines the effect
of more vs less intensive glucose control on the risk of
cancer in patients with type 2 diabetes.
Methods All 11,140 participants from the Action in
Diabetes and Vascular Disease: Preterax and Diamicron-
MR Controlled Evaluation (ADVANCE) trial (Clinical-
Trials.gov NCT00145925) were studied. Cancer incidence
and cancer mortality was compared in groups randomised
to intensive or standard glucose control. Information on
events during follow-up was obtained from serious adverse
event reports and death certificates. HRs (95% CI) were
calculated for all cancers, all solid cancers, cancer deaths
and site-specific cancers.
Results After a median follow-up of 5 years, 363 and 337
cancer events were reported in the intensive and standard

control groups, respectively (incidence 1.39/100 person-
years [PY] and 1.28/100 PY; HR 1.08 [95% CI 0.93–1.26]).
The incidences of all solid cancers and cancer deaths were
1.25/100 PY and 0.15/100 PY in the intensive group and
1.15/100 PY and 0.13/100 PY in the standard group (HR
1.09 [95% CI 0.93–1.27] for solid cancers, and 1.17 [0.75–
1.84] for cancer death). Across all the major organ systems
studied, no significant differences in the cancer incidences
were observed in the intensive and standard control groups.
Conclusions/interpretations More intensive glucose control
achieved with a regimen that included greater use of
gliclazide, insulin, metformin and other agents, did not
affect the risk of cancer events or death in patients with
type 2 diabetes.
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Abbreviations
ACCORD Action to Control Cardiovascular Risk in

Diabetes
ADVANCE Action in Diabetes and Vascular Disease:

Preterax and Diamicron-MR Controlled
Evaluation

ICD International Classification of Diseases
PY Person-years
UKPDS UK Prospective Diabetes Study
VADT Veterans Affairs Diabetes Trial

Introduction

There have been many reports of increased risk of cancer in
patients with diabetes including cancers of the pancreas,
liver, breast, colorectum, urinary tract and female repro-
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ductive organs [1–3]. Cancer mortality has also been
reported to be increased [1, 4]. In type 2 diabetes, these
increases in cancer risk have been associated with inflam-
mation, obesity, insulin resistance, physical inactivity,
elevated glucose levels and the administration of exogenous
insulin [1, 5–9]. Yang and colleagues reported a linear
relationship between increasing HbA1c levels and cancer
risk above HbA1c levels of 6.5% [7]. It has been proposed
that reducing glucose levels may reduce cancer risk [5–7].

To date, observational studies have examined the effects
of intensive glucose control, metformin therapy, insulin
therapy and cancer outcomes with inconsistent findings [7,
10–14]. Some have observed decreased risks of cancer with
insulin therapy, whereas others have reported increased
risks of cancer associated with insulin therapy [7, 10–15].
Discrepancies have been linked to differences in study
design, to the presence of residual confounding and to
differences in the likely mechanisms by which various
therapies lower glucose levels [7, 16, 17]. It also remains
unclear whether the effects observed are attributable to
lower glucose levels or to the effects of the medications
used to achieve greater glucose lowering [7, 16, 17].
Indeed, observational studies cannot reliably determine
whether more intensive glucose control, or the treatments
used to achieve more intensive glucose lowering affect the
risk of cancer. Because changes to therapy might well be
intimately related to the patient's health, observational studies
linking cancer risk to therapy over time are likely to suffer
from allocation bias [18, 19]. More robust evidence might be
derived from randomised controlled trials.

The objective of this study was to determine whether the
intensity of glucose control influences the risk of cancer in
patients with type 2 diabetes. To this end, data from the
Action in Diabetes and Vascular disease: Preterax and
Diamicron MR Controlled Evaluation (ADVANCE) trial, a
randomised controlled trial, was analysed to examine
cancer risk in patients with type 2 diabetes randomised to
intensive glucose control compared with standard glucose
control over a 5-year period [20, 21].

Methods

Study design ADVANCE was a factorial trial of blood
pressure lowering and intensive glucose control conducted
in 215 centres in 20 countries between 2001 and 2008 [20–
22]. Participants had been diagnosed with type 2 diabetes
after age 30 years and were aged at least 55 years at study
enrolment. In the glucose control group, 5,571 participants
were randomised to intensive glucose control and 5,569
participants were randomised to standard guideline-based
glucose control [21]. At study entry, people suffering from
life-threatening non-vascular disease other than diabetes

and its complications, including cancer, were deemed
ineligible. Participant characteristics have been described
in detail elsewhere [20, 21]. Those assigned to intensive
glucose control received gliclazide modified release (MR)
(30–120 mg/day) and other drugs, as required, to achieve
an HbA1c level of less than or equal to 6.5% [21]. Those
assigned to standard glucose control received treatments
based on local guidelines, with the exception of gliclazide
MR, which was substituted with any other sulfonylurea
[20–22]. Approval for the trial was obtained from the
institutional ethics committee of each participating centre
and all participants provided written informed consent.

Outcome measures All serious adverse events, as well as
death from any cause, were recorded during follow-up.
Cancer outcomes were pre-specified as events of interest,
and coded according to the International Classification of
Diseases, tenth edition (ICD-10): neoplasm C00-D48;
malignant neoplasm C00-C97; malignant neoplasm except
lymphoid tissue C00-C75; lip, oral cavity and pharynx
C00-C14; digestive organs C15-C26; respiratory organs
C30-C39; breast C50; female genital organs C51-C58; male
genital organs C60-C63; cancer from lymphoid tissue C81-
C96. The date of onset of the event was also recorded. The
cause of each death was adjudicated by an independent
endpoint committee blinded to treatment allocation.

Statistical analysis Follow-up time for each participant was
calculated as time from registration date to date of cancer
event or censoring. The first cancer event was included in the
analysis. The incidences of all malignant neoplasms and each
specific cancer type were calculated by treatment assignment
as the rate per 100 person-years (PY). HRs (95% CI) for
randomised treatment effects were estimated using unadjusted
Cox proportional hazard models. Kaplan–Meier plots were
constructed to demonstrate time-dependent cancer-free sur-
vival. Subgroup analyses examined the effects of HbA1c level
at study entry. All analyses were performed using SAS
version 9.1 (SAS Institute).

Results

The characteristics of participants assigned to gliclazide
MR-based intensive glucose control and to guideline-based
standard glucose control were similar at baseline (Table 1).
At the end of follow-up, HbA1c levels were lower in the
intensive than the standard glucose control group, as
expected, as a result of greater use of oral glucose lowering
therapy and insulin (Table 1).

The median duration of follow-up was 5.0 years.
Malignant neoplasms occurred in 363 participants assigned
intensive glucose control and 337 participants assigned
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standard glucose control. This corresponds to 1.39 and 1.28
malignancies per 100 PY, respectively. The HR for
intensive vs standard glucose control was 1.08 (95% CI
0.93–1.26) (Table 2). Malignant neoplasms classified as solid
cancers occurred in 328 participants assigned intensive
glucose control and 303 participants assigned standard
glucose control. This corresponds to 1.25 and 1.15 solid
cancers per 100 PY (HR 1.09 [95% CI 0.93–1.27]) (Table 2).
The Kaplan–Meier cumulative event-free survival curve for
all solid malignancies is shown in Figure 1. The incidence of
all malignant neoplasms classified by major organ systems
and by treatment assignment is shown in Table 2. Intensive
glucose control was not associated with either an increased

or a decreased risk of any specific type of major organ
system cancer. The effects of treatment assignment did not
significantly differ by entry HbA1c level (HbA1c≤7.2%, HR
1.15 [95% CI 0.94–1.41]; HbA1c>7.2%, HR 1.01 [95% CI
0.81–1.25], p for heterogeneity=0.38).

Cancer deaths were reported for 41 participants assigned
to intensive glucose control and 35 participants assigned to
standard glucose control. This corresponds to a cancer
mortality rate of 0.15 per 100 PY in the intensive control
group as compared with 0.13 per 100 PY in the standard
control group (HR 1.17, 95% CI 0.75–1.84) (Table 2). The
Kaplan–Meier cumulative event-free survival curve for
cancer mortality is shown in Figure 2.

Table 1 Characteristics of participants at baseline and at the end of follow-up

Characteristic Baseline Follow-up

Intensive control Standard control Intensive control Standard control

Total patients studied (n) 5,571 5,569 4,828 4,741

Age (years) 66±6 66±6 – –

Female sex 2,376 (42.6) 2,357 (42.3) – –

Age when diabetes first diagnosed (years) 58±9 58±9 – –

Duration of diabetes (years) 7.9±6.3 8.0±6.4 – –

Blood glucose control

HbA1c, standardised level (%) 7.48±1.65 7.48±1.63 6.49±0.99 7.24±1.38

Fasting blood glucose (mmol/l) 8.51±2.78 8.48±2.76 6.56±1.88 7.75±2.34

Other risk factors

Weight (kg) 78.2±16.8 78.0±16.8 78.1±17.5 77.0±16.7

Body mass index (kg/m2) 28±5 28±5 28±5 28±5

Waist circumference (cm) 99±13 98±13 99±14 98±13

Current smoking 793 (14.2) 757 (13.6) 385 (8.3) 350 (7.8)

Blood pressure (mmHg)

Systolic 145.0±21.7 145.0±21.4 135.5±17.6 137.9±18.4

Diastolic 80.8±11.0 80.5±10.8 73.5±9.8 74.3±9.9

Glucose-lowering drugs

Sulfonylureaa 3,972 (71.3) 3,927 (70.5) 4,264 (88.3) 2,682 (56.6)

Metformin 3,397 (61.0) 3,355 (60.2) 3,455 (73.8) 3,057 (67.0)

Insulin 82 (1.5) 77 (1.4) 1,953 (40.5) 1,142 (24.1)

Otherb 783 (14.1) 710 (12.7) 1,540 (31.9) 1,094 (23.1)

None 487 (8.7) 524 (9.4) 42 (1.5) 220 (6.4)

Other drugs

Aspirin 2,460 (44.2) 2,435 (43.7) 2,665 (57.0) 2,503 (54.9)

Statins 1,554 (27.9) 1,592 (28.6) 2,131 (45.6) 2,174 (47.7)

Any blood-pressure-lowering drug 4,183 (75.1) 4,182 (75.1) 4,291 (88.9) 4,190 (88.4)

Data are presented as mean±SD or n (%), unless otherwise indicated

Baseline characteristics were recorded at the first (registration) visit, before the start of the active run-in period. Data are based on the number of
patients who attended each visit and who had data for the characteristic. HbA1c value was standardised as described elsewhere [21].
a Gliclazide or other sulfonylurea
b Thiazolidinedione and/or acarbose and/or glinide

Adapted from Patel et al. [21] (copyright Massachusetts Medical Society), with permission
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Discussion

These analyses, which compared cancer events between
groups randomised to intensive or standard glucose control,
do not suggest that more intensive glucose control based on
greater use of gliclazide, insulin, metformin and other
agents is associated with an effect on cancer incidence or
mortality. There were no significant differences in the risk
of all malignant neoplasms, all solid malignant neoplasms,

nor of any organ-specific cancers classified according to the
ICD-10 codes for major organ systems. There was also no
significant difference overall in cancer deaths between the
groups assigned to more intensive vs less intensive glucose
lowering.

The overall cancer event rate observed in our study of
patients with long standing type 2 diabetes (1.33 per
100 PY) was similar to that of one large population-based
study of people with diabetes (1.31 per 100 PY) [23] and

Table 2 Cancer events, incidence and HRs

Cancer outcome Standard (n=5,569) Intensive (n=5,571) HR 95% CI p value

Events (n) PY at risk Incidence
(per 100 PY)

Events (n) PY at risk Incidence
(per 100 PY)

Neoplasms 372 26,174 1.42 409 26,046 1.57 1.11 0.96–1.27 0.16

Malignant neoplasms 337 26,279 1.28 363 26,158 1.39 1.08 0.93–1.26 0.30

Malignant neoplasms except
lymphoid, tissuea

303 26,325 1.15 328 26,193 1.25 1.09 0.93–1.27 0.29

Lip, oral cavity and pharynx 7 26,746 0.03 10 26,740 0.04 1.43 0.54–3.75 0.47

Digestive organs 103 26,625 0.39 119 26,581 0.45 1.16 0.89–1.51 0.45

Pancreatic cancer 16 26,751 0.10 16 26,747 0.10 1.00 0.50–2.00 0.99

Respiratory organs 61 26,710 0.23 55 26,704 0.21 0.90 0.63–1.30 0.58

Breast cancer 31 26,697 0.12 33 26,674 0.12 1.07 0.65–1.74 0.80

Female genital organs 10 26,750 0.04 6 26,738 0.02 0.60 0.22–1.65 0.32

Male genital organs 43 26,682 0.16 43 26,663 0.16 1.00 0.66–1.53 1.00

Cancer from lymphoid, tissuea 19 26,729 0.07 21 26,723 0.08 1.10 0·59–2.05 0.76

Cancer death 35 26,761 0.13 41 26,752 0.15 1.17 0·75–1.84 0.49

a Values do not add up to the total number of malignant neoplasms because the ICD-10 classification for solid cancer does not include malignant neoplasms
of ill-defined, secondary or unspecified sites or neoplasm of independent (primary) multiple sites
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slightly greater than that of another (1.21 per 100 PY) [24].
Notably, both these cohort studies also examined cancer
incidence in individuals free of diabetes and reported lower
overall event rates (1.19 and 0.77 per 100 PY, respectively).

Observational studies have produced complex and at
times confusing findings regarding the risk of cancer in
patients with diabetes [1–5]. Furthermore the mechanisms
that might contribute to these effects are not clear. Some
have suggested that the effects are mediated by increased
insulin levels [25], whereas others have suggested that the
effects are due to over-expression in cancer cells of the
IGF-1 receptor, or the insulin receptor itself, especially the
A isoform, which is uniquely able to bind both insulin and
IGF-2 [2, 3, 26, 27]. In vitro studies have also suggested
that hyperglycaemia per se may increase human breast
cancer cell proliferation rates [28]. Because cancer cells are
thought to be obligate glucose users, even modest eleva-
tions of glucose levels may drive cell metabolism and
growth via the Warburg effect, which allows synthesis of
amino acids, nucleotides and lipids for cell replication at the
expense of ATP production [16].

The UK Prospective Diabetes Study (UKPDS), Action
to Control Cardiovascular Risk in Diabetes (ACCORD)
study and Veterans Affairs Diabetes Trial (VADT), with
average follow-up of between 3.5 and 10 years, have
individually reported no effects on the risk of cancer
mortality, the most reliable single index of cancer incidence
[29–32]. The more detailed randomised evidence from
ADVANCE that we have presented here is consistent with
the overall evidence from these trials. However, none of
these trials were specifically designed as trials of cancer

outcomes. Nevertheless, the pooled data from these trials of
more vs less intensive glucose control (which achieved an
HbA1c difference of 0.3–0.8% for trials reporting cancer
incidence and 0.6–1.4% for trials reporting cancer mortal-
ity) do not support the premise that cancer incidence
(pooled risk ratio [RR] 0.91 [95% CI 0.79–1.05]; I2=0%)
or mortality (pooled RR 1.00 [95% CI 0.81–1.24]; I2=0%)
is increased or decreased with more intensive glucose
lowering [32].

Although the present results do not suggest any
significant effects of intensive glucose lowering on cancer
outcomes, there were some minor trends towards increases
in cancer numbers across some organ systems in those
assigned to intensive vs standard glucose control (Table 2).
One possible explanation for this lies in the greater
frequency of visits for those assigned intensive therapy
(who were seen at least every 3 months, or even more
often) compared with standard therapy (who were only seen
every 6 months). Thus earlier diagnosis and detection of
cancers may have occurred in those in the intensive control
group as a result of the more frequent medical surveillance
provided. Indeed in support of this, an increased rate of
hospitalisation among those assigned intensive glucose
control has previously been reported [21]. However, despite
the possible greater ascertainment of some cancers in the
intensive treatment group, the frequency of breast cancer
was similar in both treatment groups. Another possible
explanation for the trend toward increases in some cancers
lies in the proportional differences in the use of glucose-
lowering therapies in the two treatment groups, including
use of insulin and metformin. Further analyses combining
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individual participant data from the major randomised trials
of more intensive glucose lowering [21, 29–31] would
provide greater power to address these questions.

The main strengths of this study include its examination
of outcomes in groups randomly assigned to intensive or
standard guidelines-based glucose control, its large patient
population, spread across 20 countries worldwide, and
detailed reporting of serious adverse events over a median
of 5 years. This study has a number of limitations. It was
not designed to specifically assess cancer outcomes so that
cancer events were not routinely confirmed by pathology
reports or validated against cancer registry data. The 5-year
period of follow-up was too short for accurate determina-
tion of the risk of inducing new cancers. An effect of a
larger difference in HbA1c between the treatment groups
may also have been missed, although this would seem
unlikely because other trials of intensive glucose control
have similarly shown no improvement in cancer mortality
or risk despite larger differences in HbA1c [32]. Finally,
because this trial compared two regimens of differing
intensities of glucose lowering, it is not possible to examine
the effects of individual drugs or classes of drugs on the
risk of cancer within the randomised groups.

In conclusion, the randomised data comparing patients
assigned to intensive or to standard glucose control who
achieved a modest difference in HbA1c of about 0.7% suggest
that intensive glucose control achieved with a regimen that
included greater use of gliclazide, insulin, metformin and
other agents does not affect the risk of cancer in patients with
type 2 diabetes over a 5-year follow-up period.
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