
Stephen Bain
MA, MD, FRCP, Consultant in Diabetes,

Singleton Hospital, Swansea

Dapagliflozin is a new sodium-glucose
transporter protein inhibitor under
development for the treatment 
of type 2 diabetes mellitus. In this 
Drug profile, Professor Stephen Bain
outlines why new treatments are
needed, and considers the drug’s
efficacy and tolerability in clinical 
trials, to date, as well as its potential
place in management. 

Type 2 diabetes mellitus
(T2DM) is a major threat to
human health, with a preva-

lence increasing at epidemic rates.
According to the World Health
Organization (WHO), more than
346 million people worldwide have
diabetes.1 Inevitably, diabetes and
its complications will strain health-
care budgets in both the developed
and developing world.

Despite the availability of many
different classes of antidiabetes
agents, approximately 54% of
patients do not achieve the glyco -
sylated haemoglobin (HbA1c) target
of ≤7%.2 Reasons for this include
the progressive nature of the dis-
ease, fear of hypo glycaemia, weight
gain, complex dose titration and
other side-effects of therapies. Since
elevated HbA1c is so closely associ-
ated with both the large and small
vessel complications of diabetes,
new options are needed to optimise
glycaemic control.

Traditionally, antidiabetes 
therapies for T2DM have focused 

on enhanced insulin availability –
insulin replacement, sulphonylureas
and incretin-based agents – or
decreased insulin resistance – met-
formin and pioglitazone (Actos).
More recently, the kidney has
become a target for glucose-lower-
ing therapies. In a healthy individ-
ual, approximately 99% of glucose
filtered by the kidney is reabsorbed,
resulting in only 1% of total filtered
glucose being excreted in the urine.
Reabsorption of filtered glucose is
regulated by the sodium-dependent
glucose co-transporters, termed
SGLT1 and SGLT2 (see Figure 13).
SGLT2 is a high-capacity, low-affinity
transporter mainly expressed in the
kidney. Around 90% of the renal
glucose reabsorption occurs in the
convoluted segment of the proximal
tubule, me diated by SGLT2.

Proof-of-concept studies explor-
ing the possibility of SGLT inhibition
as a means of lowering blood glucose
levels was provided by the example
of phlorizin. Phlorizin was first
extracted from the root bark of apple
trees in France in the first half of the
19th century. It blocks the action of
both SGLTs and, in animal models,
induces glycosuria and leads to 
normalisation of blood glucose 
and decreased insulin resistance.
However, because it is poorly
absorbed from the gastrointestinal
(GI) tract, it was never pursued as a
treatment for T2DM. Furthermore,
blockade of SGLT1, which is pre -
dominantly located in the GI tract,
led to major GI side-effects that 
limited its clinical potential.

More recently, several sele ctive
SGLT2 inhibitors have been 
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Dapagliflozin: a new possibility
for managing type 2 diabetes

Figure 1. Dapagliflozin inhibits glucose reabsorption through the proximal tubule inducing 

glycosuria and a reduction in glycosylated haemoglobin. Adapted by permission from Macmillan

Publishers Ltd: Kidney International (2009;75:1272–7), copyright 20093
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dev eloped for the treatment of
T2DM, with one under review by the
US Food and Drug Administration
(FDA) and European Medicines
Agency (EMA). Selective SGLT2
inhibitors act predominantly in 
the kidney, with fewer adverse GI
side-effects than phlorizin.

Currently, phase 3 trials are 
on going for three SGLT inhibitors
(dapagliflozin, canagliflozin and BI
10773). They all limit renal glucose
reabsorption and hence induce 
glycosuria. Intuitively, this may
seem odd to clinicians dealing with
diabetes patients since glycosuria 
is typically a manifestation of 
poor glycaemic control rather than 
therapeutic efficacy. It is also a mode
of action that has little to do with 
the perceived aetiopathogenesis of
T2DM, namely an insulin secretory
deficit and insulin resistance. 

Nevertheless, pharmacologically
induced glycosuria can lead to 
significant lowering of hypergly-
caemia, manifesting in a reduction
in HbA1c. Moreover, as a result of
the additional urinary calorie loss
there is the potential for weight loss,
while the risk of hypoglycaemia
should be low since counter-
 regulatory responses to low blood
glucose levels are unaffected.

For these reasons, SGLT2
inhibitors, which are once-daily oral
agents, offer advantages over the 
currently available antidiabetes
drugs. In addition, there is the
potential for them to be effectively

added on to insulin therapy, 
meaning that they have potential
applications in type 1 diabetes 
mellitus (T1DM).

The most comprehensive data
from clinical trials of SGLT2 drugs
are for dapagliflozin, which is 
currently being considered by the
FDA and EMA. Although it is
unlikely that SGLT2 inhibitors will
be recommended as monotherapy,
there are trial data suggesting 
equivalence to initial treatment with 
metformin – the first-line therapy
recommended by the National
Institute for Health and Clinical
Excellence (NICE) and all other
guidelines – with HbA1c reductions
of up to 0.9%.4

In the more typical scenario 
of add-on to metformin-failing
patients (baseline HbA1c of 8.0–
8.2%), dapagliflozin was assessed 
in a placebo-controlled, dose-ranging
study at doses of between 2.5 and
10mg once daily. At 10mg, which is
likely to be the dose licensed for 
use, the HbA1c reduction was 0.84% 
versus the placebo reduction of
0.3%.5 This effect is similar to that
reported for gliptin drugs – eg
sitagliptin (Januvia) and saxagliptin
(Onglyza).

Dapagliflozin has also been
assessed in metformin-failing
patients versus the active compara-
tor of a sulphonylurea (glipizide).6

In this 52-week study, with a base-
line HbA1c of 7.7%, dapagliflozin
10mg once daily achieved a mean

HbA1c reduction of 0.52%, which
was non-inferior to that seen with
glipizide (also 0.52%).

Unusual for new T2DM thera-
pies, prelicensing data are being
reported for combination use with
insulin.7 In a cohort of insulin-
treated T2DM patients with a base-
line HbA1c of 8.5% and a mean
daily insulin dose of 77 IU,
dapagliflozin 10mg once daily
achieved an additional HbA1c
reduction of 0.9% (versus 0.3% for
placebo; Table 1).8 This reduction
at 24 weeks was sustained during
the 48 weeks of the follow-on study.9

Although the primary end-
point in studies of new antidiabetes
agents is always focused on HbA1c,
the limitations of existing therapies
mean that there is a predefined
interest in the potential downsides
of hypoglycaemia and weight. In
the studies referred to above, the
levels of hypoglycaemia have been
low, equating to those seen in the
placebo-treated patients in all 
oral add-on studies.5–9 The hypo -
glycaemia rates in the add-on to
insulin study were higher, although
still similar to placebo. In addition,
all studies have demonstrated 
significant reductions in weight
between 1.5 and 3.0kg.5–9

Safety is obviously a major 
concern in the field of antidiabetes
drugs, given the recent traumas
surrounding rosiglitazone, as well as
concerns (albeit, I believe, over-
played) regarding pioglitazone and
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Placebo+insulin (n=193) Dapagliflozin 2.5mg Dapagliflozin 5mg Dapagliflozin 10mg
+insulin (n=202) +insulin (n=211) +insulin (n=194)

Table 1. Adjusted mean changes from baseline (standard error) at week 24 for dapagliflozin+insulin versus placebo+insulin8

Glycosylated haemoglobin (%) -0.30 (0.05) -0.75 (0.05)* -0.82 (0.05)* -0.90 (0.05)*
Body weight (kg) 0.02 (0.18) -0.98 (0.18)* -0.98 (0.17)* -1.67 (0.18)*
Insulin dose (IU/day) 5.08 (0.94) -1.80 (0.92)* -0.61 (0.90)* -1.16 (0.94)*
Fasting plasma glucose (mmol/L) 0.18 (0.19) -0.69 (0.18)** -1.04 (0.17) -1.20 (0.18)*

*p≤0.0001, **p=0.0008 versus placebo+insulin



analogue insulins. Drugs that induce
glycosuria may be anti ci pated to
increase the risk of those infections
typically seen at diagnosis of dia-
betes – urinary tract infection (UTI)
and thrush – as well as 
increase the risk of dehydration, a
consequence of the osmotic diuresis. 

In this respect, there is some
reassurance from the ‘experiment
of nature’ seen in familial renal 
glycosuria. In this uncommon 
condition, patients have a genetic -
ally inherited defect in SGLT 
activity that leads to asymptomatic
glycosuria of up to 170g/day.
Despite this life-long condition,
they remain normoglycaemic and
do not develop hypoglycaemia or
hypovolaemia. They retain normal
bladder and kidney function, and
have no increase in UTI or chronic
kidney disease. Indeed, usually this
is an entirely benign condition.

Blockade of SGLT2 using
pharma   cotherapy appears to be less
benign, although the side-effects
are generally mild and easily dealt
with. Most studies have shown an
increase in ‘genital infections’ that
equate to candidal infections, more
commonly seen in women.5–9 The
assumption is that these represent
typical fungal infections, easily
treated with over-the-counter medi -
cations, although this will require
confirmation over long-term follow-
up. Similarly, there appears to be an
increase in UTI, although this is less
consistent.5–9 Once again, there is
currently nothing to suggest that
atypical or resistant UTIs are more
frequent, although this will need
longer term surveillance.

The recent ‘scare’ relating to an
increased risk of bladder cancer
with SGLT2 inhibitors needs to be
taken seriously, but may reflect the
current safety frenzy around anti -
diabetes medications rather than
any genuine signal of risk.

The place of dapagliflozin in
the therapy of diabetes has yet to 
be determined. As the drug has
been studied as monotherapy and
dual therapy in combination with
metformin, insulin, glipizide and
thiazolidinediones in adults who 
are inadequately controlled on any
of these agents as monotherapy, it is
likely that these are the indications
that guidelines will recommend. 
At this position in the treatment
algorithm, it will be competing with
pioglitazone (now at a discounted
price following patent expiry 
but with side-effect concerns), 
gliptins (similar efficacy but only 
weight neutral) and glucagon-like 
peptide-1 (GLP-1) receptor agonists
(greater efficacy with similar weight
loss, but injectable compounds).
The price will be a major determin -
ant of how well it fares against 
this competition.

One niche that may be immedi-
ately attractive will be in combi -
nation with insulin, potentially 
in both T1DM and T2DM. Here, 
its impact on weight along with
insulin-sparing will be crucial, 
es pecially in those patients with
very poor control in whom all other
alternatives have been exhausted.

Use of dapagliflozin in primary
care should be attractive given its 
simple once-daily, oral adminis -
tration and lack of need for dose
titration. It will also be appropriate
for secondary care use, typically in
those patients poorly controlled on
insulin. This will be important in
terms of overall uptake of this new
class since this is generally led by 
secondary care prescribing, and for
most other new agents (eg GLP-1 
analogues) this is limited by the 
lack of appropriate patients in the
hospital sector.

One caveat is that the side-effects
reported in clinical trials may not be
a true representation of those that

may occur in the generally more
unwell patients treated in clinical
practice. As trial participants are 
generally in better health and have
fewer comorbidities than those
treated in clinical practice (due to
inclusion/exclusion criteria), some
side-effects may be less likely to 
occur in clinical trials.

The use of protocols provides 
the necessary framework to guide 
good and cost-effective prescribing.
It is possible that authorities such 
as NICE may recommend ‘stopping
rules’ as is currently the case 
with pioglitazone and the incretin
agents, so as to limit use to 
responders only.
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