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The potential role of glucose-lowering therapies in modu-
lating the relationship between diabetes and cancer has
seemingly exploded into our collective consciousness in the
past year. While this relationship has been suggested for
sometime [1–3], the recent surge in attention followed
publication of several observational studies from European
administrative registries and clinical databases [4–7]. This
prompted a number of editorials and commentaries, most
often critical of the observational nature of the reports, as
well as critical of limitations in the analytic approach to
those data [8–11]. Further, as is often the case with
controversial reports from observational studies, calls were
made to look to a higher level of evidence, such as data
from randomised controlled trials.

To that end, a number of more recent publications have
contributed data on this topic from randomised trials,
including two meta-analyses of trials of long-acting insulin
analogues [12, 13]. Both of these concluded there was no

increased risk of cancer, although the trials included
involved small numbers of patients with type 1 and type 2
diabetes and were generally of very short duration,
highlighting some of the major limitations of randomised
trials in answering questions regarding potential modifica-
tion of cancer risk. Other contributions have been the post-
hoc analysis of large randomised trials of glucose-lowering
therapies, such as the paper by Home et al. in this issue of
Diabetologia [14]. In that paper, the authors report on the
risk of malignancies associated with the oral glucose-
lowering treatments to which patients with type 2 diabetes
were randomised in the RECORD (Rosiglitazone Evaluated
for Cardiovascular Outcomes and Regulation of Glycaemia
in Diabetes) [15] and ADOPT (A Diabetes Outcome
Progression Trial) [16] trials. These two trials were larger
and of longer duration, overcoming some of the limitations
of the trials in the meta-analysis of the insulin analogues.
Nonetheless, the paper by Home et al. shares a common
characteristic with these meta-analyses, in that they were all
unplanned post hoc analyses from those trials. As such, it
must be remembered that, while the data arose from
randomised trials, they are still, after all, just observations.

Home and colleagues are careful to recognise this point
in the discussion of their observations, where they indicate
that the data merely suggest that, with respect to cancer
risk, rosiglitazone offers no significant advantage over
metformin. However, with regard to these two agents
relative to sulfonylureas, the data are interpreted as being
somewhat more suggestive of a potential benefit [14].
Furthermore, the authors point out that their findings are in
keeping with previous observational studies of oral
glucose-lowering therapies [1–3], including the relative
reduction of cancer deaths observed in the UK Prospective
Diabetes Study (UKPDS) metformin study [17]. Consis-
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tency, as Hill noted, is one of the important considerations
when attempting to draw inferences of causality from
epidemiological associations [18]. Under the view that data
from randomised controlled trials provide higher level
evidence, this consistency may be taken as reassurance that
the previous observational studies were not insurmountably
confounded.

While Home and colleagues report on post-hoc obser-
vational studies of two randomised trials, their strengths lie
in the quality of the data, collected prospectively following
the protocols for the original trials. One wonders, however,
to what extent the trial protocols may have introduced
potential biases, not fully addressed in these post-hoc
observational studies of cancer risk. In the case of
RECORD [15], the protocol had two therapy-associated
strata, each with two randomisation arms. Thus patients on
metformin monotherapy were randomised to sulfonylurea
or rosiglitazone, and patients on sulfonylurea monotherapy
were randomised to metformin or rosiglitazone. Patients
were followed for a mean of 5.5 years, with a primary
outcome of fatal or non-fatal cardiovascular events.
Importantly, the RECORD protocol included a glycaemic
control target of HbA1c 7.0%, to be achieved through
dosage escalation of the randomised therapies, with rescue
therapy consisting of addition of a third oral glucose-
lowering agent or transfer to insulin in patients not
achieving a target HbA1c of 8.5%. Therein lies an important
consideration that may not have been fully considered by
Home and colleagues. While the analyses focused on the
association between malignancies and the original rando-
mised treatments, there is considerable evidence that the
‘rescue’ glucose-lowering therapies, added as part of the
trial protocol, have known independent associations with
cancer risk. It is also important to note that the initial
treatments for patients coming into the RECORD trial
(metformin or sulfonylurea monotherapy) were not ran-
domly assigned. Failing to account for these additional
exposures after randomisation over time and the non-
randomised nature of the initial therapy may result in
cancer risk changes being falsely attributed to the rando-
mised assignments of the second therapy in the RECORD
trial.

A defence against this contention would be a view that,
in conventional survival analysis, allocation to treatment
groups and other covariates must be determined before
follow-up starts. Pocock and Smeeth [9, 10] recently argued
that, given a complex array of factors, many of which are
unmeasured or unknown, it is usually impossible to
accurately gauge the extent and even the direction of bias
due to changes in drug therapy during follow-up. Strictly
speaking, the effect of a time-varying drug therapy
exposure is confounded by the condition that underlies the
time-dependent change of that exposure, unless the time-

varying covariate is changing randomly over time. In this
case, however, applying the ‘golden rule’ for conventional
survival analyses could actually lead to cancer risk differ-
ences being falsely attributed to the randomised allocation
of treatment.

Under the RECORD protocol, randomisation would
have ensured a balance between patients of the treatment
arms. Thus, any differences in use of add-on rescue therapy
between the arms were presumably attributable to the
degree to which the randomised therapies controlled blood
glucose. Add-on rescue therapy is therefore not indepen-
dent of the original randomisation. As such, the originally
randomised drug that appeared to be associated with
increased (or decreased) cancer risk may have had no
direct effect on cancer risk. Instead, the drug may not have
achieved adequate glucose control, inducing the use of add-
on therapies that might independently have increased (or
decreased) cancer risk. Some may see this as a classic case
of ‘confounding by indication’, which is likely to occur in
observational studies where the reasons for additional
therapies are not measured or recorded. Fortunately, this is
not the case in the protocol-driven data collection of a
randomised trial such as RECORD; the protocol dictated
the use of add-on therapy, which was fully measured and
recorded. Furthermore, it is highly unlikely, albeit unveri-
fiable, that the reasons for add-on therapy were related to
cancer risk, making confounding by indication improbable.
In this view, accounting for the addition of rescue therapies
known to be independently associated with cancer risk,
perhaps with exposure definitions that recognise the time-
varying nature of these exposures, could provide a better
estimate of the risk associated with the randomised
therapies. At the least, such a secondary analysis would
be helpful to assess the consistency with the primary
analysis results.

In fact, if we were to look to randomised trial data to
inform the debate on specific glucose-lowering therapies
and cancer risk, we find a similar situation for all recent
large randomised controlled trials of glucose-lowering
therapies for type 2 diabetes, given the particular focus on
overall glycaemic control. For example, in the Prospective
Pioglitazone Clinical Trial in Macrovascular Events
(PROActive) Study [19], a large trial which randomised
patients with type 2 diabetes to pioglitazone or placebo,
differences in the rates of cancer as a secondary outcome
were noted, with more cases of bladder cancer in the
pioglitazone group and more breast cancer with placebo,
but no difference overall in the incidence of cancer [20, 21].
More importantly, while PROActive was a randomised trial
of pioglitazone versus placebo, the investigators also aimed
for participants to achieve HbA1c below the recommended
target, which they took to be <6.5% [18]. Therefore,
substantial changes to non-randomised medications
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occurred, specifically to other glucose-lowering agents. By
the end of the study, the placebo group was using more
metformin and more insulin than the pioglitazone group,
while both groups had a similar decline in the use of
sulfonylureas [19]. In the end, the pioglitazone group
achieved a significant and clinically important difference
in HbA1c, but no difference in the main primary outcome of
mortality or cardiovascular events.

In RECORD, the rosiglitazone group also achieved a
significantly greater reduction in HbA1c, but no differences
were observed in the main outcomes of fatal or non-fatal
cardiovascular events [17]. At best, secondary analyses of
these large randomised controlled trials may be limited to
assessing the relationship between improved cancer risk
and overall glycaemic control, through whatever combina-
tions of specific therapies used. With this in mind, these
observations suggest that cancer risk is not reduced by
improving glycaemic control in type 2 diabetes [22].

In considering the entire trajectory of glucose-lowering
therapy in RECORD, Home and colleagues indicate that
the use of rescue therapy and addition of insulin therapy
were minimal, with the majority of follow-up time on the
rosiglitazone [14]. However, recent revelations suggest that
this may not have been the case, with 40% of patients no
longer taking the drug by the end of the study [23]. While
this newly revealed information calls into question the
overall integrity of the RECORD trial, it also highlights the
need to adequately record and measure exposure to
glucose-lowering therapies in the analysis of secondary
outcomes such as cancer.

Understanding the relationship between diabetes and cancer
is perhaps one of the next biggest challenges for the clinical
community. Clearly this also means a better understanding of
the role of glucose-lowering therapies. Home and colleagues’
observations from the RECORD and ADOPT trials affirm that
a reasonably strong and consistent story is emerging as far as
the association between metformin use and reduced cancer risk
is concerned. Our current understanding is likely to be
enhanced within the next few years, with data from ongoing
randomised trials designed to answer the question of potential
benefits of metformin and glitazones in the treatment or
prevention of cancer [24]. Randomised controlled trials,
whether in oncology or diabetes, are not the best sources of
evidence of rare adverse events [25, 26]. As such, we must
continue to look to observational studies to inform this
debate, seeking and sharing those with the highest quality
data and analytic approaches that attempt to disentangle these
complex exposure and outcome relationships.
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