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Abbreviations
CHF Congestive heart failure
CHMP Committee for Medicinal Products for Human

Use

EMA European Medicines Agency
FDA Food and Drug Administration
MAH Marketing authorisation holder
PROactive Prospective Pioglitazone Clinical Trial in

Macrovascular Events
RECORD Rosiglitazone Evaluated for Cardiovascular

Outcomes in Oral Agent Combination Thera-
py for Type 2 Diabetes

SAG Scientific Advisory Group of the EMA
SPC Summary of Product Characteristics
TZD Thiazolidinedione

Introduction

Rosiglitazone, a drug for the treatment of type 2 diabetes,
which has been authorised for use in the EU since 11 July
2000, has attracted continuous scrutiny with regard to its
cardiovascular safety profile. The European Medicines
Agency (EMA)’s scientific committee, the Committee for
Medicinal Products for Human Use (CHMP), in its most
recent comprehensive review of rosiglitazone (started 8 July
2010 and completed 22 September 2010), concluded that
the benefits of rosiglitazone no longer outweigh the risks,
and that the marketing authorisation of the drug in the EU
should be suspended [1].

The concerns about the cardiovascular safety profile of
rosiglitazone have stoked an intense debate, not only about
the drug itself but also about the regulatory environment of
approval and ongoing oversight of diabetes drugs in
general. The authors would therefore like to shed some
light on key issues of the debate, including questions raised
recently in the British Medical Journal [2] and elsewhere in
the medical community.

The views expressed in this article are the personal views of the
authors and should not be understood or quoted as being made on
behalf of or reflecting the position of the European Medicines Agency
or any of its committees or working parties.
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Initial authorisation of rosiglitazone in 2000

Avandia (rosiglitazone) was developed for the treatment of
type 2 diabetes and belongs to the thiazolidinedione (TZD)
class of drugs. The only other drug in this class to be
currently authorised in the EU is Actos (pioglitazone). The
mechanism of action of rosiglitazone is (predominantly) as
a peroxisome proliferator-activated receptor-γ (PPARγ)
receptor modulator. Besides a sustained glucose-lowering
effect, TZDs share some pharmacological features, such as
an insulin-sensitising effect, which were considered at the
time of approval to be of potential additional clinical
benefit. Furthermore, at that time, only a limited number of
non-insulin glucose-lowering drugs were available as
therapeutic options.

One of the safety concerns identified before approval in
patients treated with TZDs was fluid retention [3].
Moreover, the combination of rosiglitazone with insulin
resulted in a higher rate of congestive heart failure (CHF)
compared with insulin alone [3]. A potentially unfavourable
effect of rosiglitazone on the lipid profile was also noted.
Overall, CHF was clearly recognised as a risk at the time of
approval and this was reflected in warnings and contra-
indications in the product information, the Summary of
Product Characteristics (SPC), of Avandia (see Text box).
The mechanism underlying the increased risk of CHF
was not well understood, being potentially attributable
to fluid overload. However, no increase in myocardial
infarction or stroke was apparent [3]. From the start,
rosiglitazone usage was restricted in the EU to a second-
line therapy (see Text box), since an initial request for a
monotherapy first-line indication had been rejected by
EMA’s scientific committee in 1999, mainly due to the
uncertain cardiovascular safety profile. Moreover, an
outcome study to address the concerns regarding cardio-
vascular safety was requested by the EMA, and the makers
agreed to perform post-marketing a long-term cardiovascular
morbidity/mortality study in patients on rosiglitazone in
combination with a sulfonylurea or metformin (Rosiglitazone
Evaluated for Cardiovascular Outcomes in Oral Agent
Combination Therapy for Type 2 Diabetes [RECORD],
see below). Subsequent changes to the product information
with regard to the cardiovascular profile are summarised in
the Text box.

Emerging data of cardiovascular risk associated
with the use of rosiglitazone

Initial reports of a potential increase in the risks of
cardiovascular events beyond CHF with the use of
rosiglitazone were submitted by the marketing authorisation
holder (MAH) to the EMA in 2006, and information on this

analysis was included in the product information in
September 2006 (see Text box). In 2007, Nissen and
Wolski performed a meta-analysis of 42, mostly small and
short-term, trials with rosiglitazone, concluding that there
was an increased risk of myocardial infarction and a
numerical, but not statistically significant, increase in
cardiovascular death when comparing rosiglitazone with
placebo or standard diabetes therapy [4]. This study
sparked an immediate discussion in the medical community
about the benefits and risks of rosiglitazone [5–10]. Similar
analyses—largely based on the same set of trials—by the
US Food and Drug Administration (FDA) and by the MAH
of Avandia gave consistent results. However, none of the
trials included in these meta-analyses was designed to
generate data on cardiovascular outcome. Furthermore, the
RECORD trial data (see below) were not available yet,
except for limited data from an interim analysis [11],
leaving some uncertainty about the cardiovascular safety
profile of rosiglitazone in the absence of fully comprehen-
sive data.

The evidence from cardiovascular outcome trials
with TZDs

To address the concerns about the cardiovascular profile of
the drugs, the EU regulators had already in 2000, at time of
approval of the TZDs, requested follow-up studies (see
above), including long-term cardiovascular outcome studies
in each case, now known as the RECORD trial for
rosiglitazone [12] and the Prospective Pioglitazone Clinical
Trial in Macrovascular Events (PROactive) for pioglitazone
[13].

The design of the two trials was different, e.g. addition
of a glucose-lowering therapy in PROactive (double-
blind, superiority trial vs placebo) vs an active comparator
design in RECORD (open-label, non-inferiority trial vs
standard therapy). The populations studied were also
different, therefore the two studies cannot be directly
compared.

The trial with pioglitazone, published as the PROactive
Study in 2005 [13], did show a reduction of 10% vs
placebo in its primary endpoint, a complex composite
cardiovascular endpoint, which did not, however, reach
statistical significance. Although this study failed in its
primary outcome measure, and therefore no claim of
cardiovascular outcome benefit was granted in the SPC, it
provided reassurance that no increase in the frequency of
macrovascular events was associated with its use.

The results of the RECORD trial, however, sparked a
controversy that has been extensively discussed elsewhere
(for example, see [2]). The results as published [12] show
non-inferiority with regard to cardiovascular events and
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Product information for Avandia: indications, contraindications, and SPC label changes concerning the 
cardiovascular system over timea 

March 2000 Positive recommendation for a marketing authorisation of Avandia:  

• Use restricted to second-line therapy, as add on to metformin or a sulfonylurea, in patients 
unsuccessfully treated with either of the two drugs or when metformin is contraindicated 
• Contraindicated for heart failure or history of heart failure with regard to all NYHA stages 
• Contraindicated for combined use with insulin 
• Warning with regard to fluid retention and heart failure 
• Restricted to prescription by physicians experienced with treatment of type 2 diabetes 

May 2003 Indicated also as second-line monotherapy in patients unsuccessfully treated with metformin 
or when metformin is contraindicated 

November 2004 Indicated also as second-line therapy as add on to metformin and a sulfonylurea in patients 
unsuccessfully treated with a combination of the two drugs 

April 2005 Minor change in the product information, following the review of a study in CHF patients 
performed by the MAHb, to inform about the frequency of worsening of heart failure in 
patients with New York Heart Association stage 1–2 

September 2006 Following a review, including a data set of 42 retrospectively analysed trials with 
rosiglitazone provided by the MAHc, new information is added: 

• Risk of cardiac ischaemia, with a hazard ratio of 1.31 when comparing rosiglitazone-
containing treatments with comparator treatments from this analysis 
• Lack of an association of rosiglitazone with a cardiovascular composite endpoint in an 
observational study 
• Additional information on the risk of CHF with rosiglitazone especially in combination with 
a sulfonylurea or insulin 

December 2006d The contraindication of the combined use with insulin is lifted to allow use in exceptional 
cases and under close supervision only 

January 2008 Additional information following a benefit/risk review started in May 2007: 

• Contraindicated in acute coronary syndrome 
• Warning that treatment with rosiglitazone may be associated with an increased risk of 
myocardial ischaemic events and its use is therefore  not recommended in patients with 
ischaemic heart disease and/or peripheral arterial disease 
• Statement that the available data on the risk of myocardial ischaemia in its entirety              
is inconclusive 

February 2010 Following a review of a dataset of 52 trials provided by the MAHc and the RECORD study 
during 2009, the information in the product information with regard to the risk of myocardial 
ischaemia has been updated and it is stated that the current data on this remains inconclusive 

September 2010 Following the most recent review, recommendation of EMA’s CHMP to suspend all 
marketing authorisations of rosiglitazone-containing drugs with regard to all indications 

aOnly major changes are listed. Dates given are those of the opinion of EMA’s Scientific Committee. Fixed-dose 
combination products containing rosiglitazone (Avandamet and Avaglim) were approved after 2000 
bThis study was performed by the MAH as a post-approval commitment 
cThis study was performed by the MAH and some more information will be included in a forthcoming European 
Public Assessment Report by the EMA 
dFor Avandamet; followed by implementation for Avandia in October 2007 
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cardiovascular death when the treatment with rosiglitazone
is compared with metformin or a sulfonylurea. For
myocardial infarction, there was a non-statistically significant
increase in risk. In their assessment, the European regulators
acknowledged weaknesses of the study, such as an un-
expectedly low rate of cardiovascular events and the open-
label design, which may lead to reporting bias. They found that
the results were inconclusive with regard to cardiovascular
events, neither showing definite proof of an increased rate, nor
rejecting this hypothesis (this assessment will be included in an
upcoming European Public Assessment Report by the EMA).
Unsatisfactory as the RECORD trial may appear in some
respects, both the PROactive and RECORD trials have been
undertaken by the MAHs following the request of EU
regulators a decade ago to perform outcome studies. They
represent an important body of data on the cardiovascular
profile of TZDs and remain the only sizeable cardiovascular
outcome trials on these drugs.

Further developments and new data on rosiglitazone
in 2010

In 2008, the EMA added warnings, including one that
treatment with rosiglitazone may be associated with an
increased risk of myocardial ischaemic events, and a
contraindication to the SPC of Avandia (see Text box).
Following the publication of an article by Nissen and Wolski
[4], the changes to the product information by the EMA,
and the exclusion of rosiglitazone from an ADA/EASD
type 2 diabetes treatment algorithm in a paper co-authored
by several endocrinologists [14], prescription numbers in
the EU declined substantially from 2007 onwards.

Significant new data on the cardiovascular risk of
rosiglitazone became available during 2010. The results of
a large epidemiological study by Graham et al. [15], which
directly compared the cardiovascular safety of rosiglitazone
and pioglitazone, was published on 28 June [15] but leaked
earlier to some print media. On the same day, an updated
analysis by Nissen and Wolski [16] became available,
which confirmed and strengthened the results of their
previous meta-analysis [4]. This update, which included
the RECORD study, found an increased risk of myocardial
infarction but not of cardiovascular death when comparing
rosiglitazone with placebo or standard diabetes therapy. The
study by Graham et al. [15] suggested that, when directly
compared with pioglitazone, rosiglitazone was more fre-
quently associated with cardiovascular events but not
myocardial infarction, but its interpretation was made
difficult by its observational design. Since new data had
become available, the EMA promptly started its most recent
review of rosiglitazone. Subsequently, the FDA, in prepar-
ing their Advisory Committee Meeting on Avandia on 13

and 14 July 2010, contributed additional analyses, among
them two new comprehensive meta-analyses of the cardio-
vascular outcomes of 52 studies with rosiglitazone and 29
studies with pioglitazone, respectively, showing a trend for
reduction of risk for pioglitazone and for an increase for
rosiglitazone [17]. Yet, the results of another observational
study comparing the cardiovascular safety of rosiglitazone
with pioglitazone were published on 25 August 2010 [18],
and these did not show a difference in risk. However, the
database consisted of a relatively young population with a
low risk of cardiovascular events. In August 2010, the
EMA conducted a retrospective cohort study to estimate
adherence to the restriction in the label of rosiglitazone
[19]. The study was based on an analysis of routine coding
of clinical events and prescriptions by primary care doctors
involving about four million patients in the UK from the
THIN (The Health Improvement Network) database be-
tween 1 April 2008 (when the additional cardiac contra-
indications came into force) and 30 November 2009 (the
cut-off date for available data in THIN). Although this
analysis had several limitations, the percentage of patients
being prescribed rosiglitazone despite contraindications
being present (patients with cardiac failure or history of
cardiac failure and acute coronary syndrome) was estimated
to be around 8%, indicating usage outside the approved label.

The EMA has closely monitored the cardiovascular
issues with rosiglitazone over time, has exchanged views
and information with other regulatory agencies worldwide,
and has also twice consulted its Scientific Advisory Groups
(SAGs) on Diabetes/Endocrinology and on Cardiovascular
Issues on several questions related to TZDs and rosiglita-
zone in particular. In its meeting on 15 September 2008 the
SAGs felt that the presumption of the increased cardiovas-
cular risk associated with rosiglitazone had neither been
confirmed nor fully refuted by the data available at that
point in time. When asked about the appropriate place in
therapy, the position was that rosiglitazone retained a small,
though diminishing, place in therapy. On similar questions,
the SAGs concluded on 17 July 2010 that, with regard to
cardiovascular safety, the balance had shifted further
against rosiglitazone and that a unique benefit over
pioglitazone could not be identified. Therefore, no well-
defined subgroup of patients more suitable for rosiglitazone
than pioglitazone could be identified. The EMA’s CHMP
considered the possibility of further restrictions of the label
as well as other additional risk minimisation measures, but
did not consider them to be a feasible option in light of the
difficulties in identifying such a subgroup.

Taking into account all available evidence, which has
accumulated over time, on 22 September 2010 the EMA’s
CHMP recommended the suspension of the marketing of
Avandia in the EU as the benefits no longer outweighed the
risks.
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Future role of cardiovascular outcome trials
in the approval of drugs for diabetes

The possibility of an increased cardiovascular risk associ-
ated with the use of rosiglitazone, but to some degree also
the lack of evidence of a benefit with regard to macro-
vascular complications for glucose-lowering agents in
patients with type 2 diabetes, raised questions from the
medical community about the way medicines for the
treatment of type 2 diabetes are approved [5–10]. This
included criticism of the predominant reliance on HbA1c as
the primary outcome measure and an emphasis on the need
for outcome studies. These issues triggered a broader
review by the EMA of the guidance provided to industry
on the development of diabetes drugs [20]. As a conse-
quence, new draft guidance has been released for public
consultation during the first part of 2010 and has attracted
intensive feedback from stakeholders, including academia,
such as from the EASD. Among other changes, the
guideline will increase the data requirements for the clinical
trials of new products to include a substantial population
with a high cardiovascular risk and to further strengthen
available safety data in general.

In a recent editorial, Lehman et al. raise important
fundamental questions about the approval of new drugs
for the treatment of diabetes [21], demanding better
proof of long-term benefit and specifically requesting not
only proof of long-term cardiovascular safety but also of
long-term cardiovascular benefit. However, demonstra-
tion of the latter is unlikely to be a requirement anytime
soon, as is evident from current regulatory draft guide-
lines on diabetes both from the EMA [22] and the FDA
[23]:

Approval is currently based on HbA1c as the primary
outcome measure, in conjunction with a favourable risk
profile, taking into account other potential benefits, such as
effects on body weight, blood pressure and lipid profile.
HbA1c is a very well validated marker of glycaemic control
and glucose control in itself is a therapeutic goal to treat the
symptoms of hyperglycaemia. Moreover, a correlation
between glycaemic control and a benefit with regard to
microvascular complications (diabetic nephropathy, neu-
ropathy and retinopathy) has been well established in
type 2 diabetes [24]. However, the same degree of
evidence does not exist for macrovascular complications.
In fact, there is little unequivocal evidence of proven
benefit with regard to macrovascular events for any
diabetes drug, and as a result of this, none of the currently
approved drugs for the treatment of type 2 diabetes via the
EMA’s centralised procedure has a claim for macro-
vascular benefit in its label. This, however, may change
in the future. The increased requirements with regard to
cardiovascular safety data [22, 25] will result in more

cardiovascular outcome studies being performed. While in
the first instance these may serve the purpose of
demonstrating non-inferiority with regard to cardiovascu-
lar safety when compared with existing therapies, those
trials may in some cases eventually demonstrate superior-
ity, thus leading to a demonstrable benefit with regard to
macrovascular events.

Conclusion

Rosiglitazone and its benefits and risks have stirred an
intense debate in the medical community with sometimes
rather divergent views. In the case of rosiglitazone, on 22
September 2010 the EMA’s CHMP recommended the
suspension of the product in the EU after taking into
account all the available evidence which had accumulated
over time, as well as the advice of its Scientific Advisory
Groups. This included information from recent observa-
tional studies and meta-analyses, which heightened con-
cerns regarding the cardiovascular risk of rosiglitazone, as
well as the results of randomised controlled long-term
studies. Despite a wide array of data, the evidence for a
cardiovascular risk with rosiglitazone was not unequivocal,
sometimes conflicting, but ultimately could not be refuted,
and led EMA’s CHMP to conclude that the benefits of
rosiglitazone no longer outweigh the risks. In an era of
increasing numbers of meta-analyses and observational
studies, potential safety signals are more frequently emerg-
ing, whereas pitfalls of those analyses are not always
immediately apparent.

As one of the consequences the EMA has already
proposed draft guidance for data requirements concerning
the knowledge of the safety profile in general, but also in
particular with regard to cardiovascular events, of new
drugs for the treatment of diabetes.

The EMA is committed to transparency of its decisions,
and, while not releasing interim assessments of ongoing
procedures, will make available a full detailed report
(European Public Assessment Report) of the review of
Avandia as soon as a European Commission Decision is
finally issued.

Duality of interest The authors declare that there is no duality of
interest associated with this manuscript.
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