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2 diabetes

DPP-4 inhibitors and SGLT2 inhibitors
lower blood glucose by complementary
mechanisms of action, and two fixed-
dose combinations - Qtern and Glyxambi
- have now been approved for the
treatment of type 2 diabetes. This article
discusses their clinical trial efficacy,
adverse effects and place in therapy.

he treatment of type 2 diabetes has undergone radical

change since the introduction of drugs that modulate incre-
tin — the glucagon-like peptide-1 (GLP-1) receptor agonists and
the dipeptidylpeptidase-4 (DPP-4) inhibitors. These agents
expanded the options available before and after prescribing
insulin and, compared with the sulfonylureas, they have a low
risk of hypoglycaemia.

The DPP-4 inhibitors in particular have achieved remarka-
ble success: in 2016/17, they were, only 10 years after their
introduction, the most frequently prescribed “other antidiabetic
drug” in primary care in England.* (But, with 4.6 million items
dispensed in that year, they lagged behind the 8.4 million items
for sulfonylureas, a fact that probably reflects conservative
treatment guidelines.) Sitagliptin has the lion’s share of DPP-4
inhibitor prescribing (56%), followed by linagliptin (27%) and
saxagliptin (7%).

The most significant development since then was the intro-
duction of the sodium-glucose co-transporter 2 (SGLT2) inhib-
itors in 2012/13, another new class of drug with a low risk of
hypoglycaemia. The past year has seen volume growth at a rate
comparable with that of the DPP-4 inhibitors, and dapagliflozin,
the first SGLT2 inhibitor in class, is now prescribed at about
one-quarter of the frequency of sitagliptin in primary care.

Blessed with an unparalleled therapeutic choice for the
management of diabetes, prescribers only had to decide how
best to use these agents and still keep spending under control.
NICE favoured a familiar approach, transforming metformin into
the most frequently prescribed antidiabetic drug and maintain-
ing the role of sulfonylureas when they might otherwise have
trailed in the wake of the intense marketing that supported the
newer, more expensive agents. The latest NICE guideline, pub-
lished in 2015 and updated in 2017, replaced the concept of
first- and second-line therapies with that of dose intensification
(see Figure 1).2 When, as inevitably occurs, glycaemic control
cannot be maintained with diet, lifestyle change and metformin,
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Saxagliptin/
dapagliflozint0:

change in HbAlc at 24 weeks (%)

% patients with HbA1lc <53mmol/mol (7%)

Linagliptin/ change in HbAlc at 24 weeks (%) 10mg
empagliflozint?*3
25mg
% patients with HbAlc 10mg
<53mmol/mol (7%)
25mg

2p<0.0001; ®p=0.01; ¢ p<0.01; 4p<0.001; ¢ p=0.006

DPP-4i (or placebo) add-on
to metformin/SGLT2i

SGLT2i (or placebo) add-on
to metformin/DPP-4i

DPP-4i placebo SGLT2i placebo
-0.51° -0.16 -0.822 -0.10
85 23 ey 12
-0.53° -0.21 -0.65¢ 0.14
-0.58° -0.10 -0.56¢

26° 11 37 17

36° 15 33¢

Table 1. Primary endpoints of phase 3 trials of add-on therapy with DPP-4 inhibitors (DPP-4i) and SGLT2 inhibitors (SGLT2i) vs placebo

this algorithm is a guide on how to introduce combinations of
two or three drugs in a rational way.

Perpetuating a practice no doubt welcomed by patients
faced with taking handfuls of tablets daily, manufacturers
have launched various fixed-dose combinations of their prod-
ucts with metformin (with the exception of the sulfonylureas,
probably because it is not financially feasible). The BNF now
lists nine such products but, until recently, there have been no
combinations of newer drugs with one another. That has now
changed: one fixed-dose of combination of a DPP-4 inhibitor and
an SGLT2 inhibitor has been introduced and another has been
licensed — even though NICE does not specifically recommend
such a pairing.

DPP-4/SGLT2 inhibitors

The first of these novel fixed-dose combinations launched in
the UK was Qtern (saxagliptin 5mg and dapagliflozin 10mg).
Glyxambi (linagliptin 5mg and empagliflozin 10mg or 25mg)
has been approved in the EU but is not yet marketed in the
UK. Both are licensed for use in adults with type 2 diabetes
when metformin and/or a sulfonylurea and one of the com-
ponent drugs do not provide adequate glycaemic control, or
when the patient is already being treated with the two com-
ponent drugs separately. Both have a one-tablet, once-daily
dose but Glyxambi requires titration for patients not previously
taking empagliflozin. This is consistent with the dose regimen
for empagliflozin, which begins with 10mg daily increasing to
25mg daily if necessary and tolerated.

The prescribing cautions and contraindications for Qtern
and Glyxambi are similar, though one notable exception is
what to do in the event of deteriorating renal function. Qtern
should not be prescribed for patients with moderate to severe
renal impairment (estimated glomerular filtration rate (eGFR)
<60ml/min/1.73m?2). Glyxambi should not be initiated in
such cases but if renal function declines during treatment but
remains above 45ml/min/1.73m? and tolerability is good, the
dose should be reduced to 5mg/10mg. Below that threshold,
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Glyxambi should be discontinued. The requirement to titrate the
dose of empagliflozin may therefore be an advantage for the
subgroup of patients at risk of developing renal impairment.

Complementary mechanisms of action

DPP-4 inhibitors and SGLT2 inhibitors lower blood glucose
by separate, complementary mechanisms. Both are glucose-
dependent, accounting for the low risk of hypoglycaemia during
treatment.

The incretins — GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP) — are hormones secreted into the blood within
minutes of eating when, among other effects, they regulate
insulin and glucagon secretion from the pancreas. They are
both rapidly deactivated by the enzyme DPP-4. In people with
type 2 diabetes, GLP-1 is the more important of the two incre-
tins for glucose regulation. Inhibition of DPP-4 prevents the
breakdown of GLP-1, which increases insulin secretion and
lowers glucagon secretion, and also suppresses endogenous
glucose production.3#

Renal tubular reabsorption of glucose is regulated by the
enzyme SGLT2. Inhibition of SGLT2 therefore increases uri-
nary glucose excretion, with a prompt effect on blood glucose
levels.> However, SGLT2 inhibitors also increase endogenous
glucose production® and glucagon secretion” and the full impli-
cations of these properties are not fully understood.

Combining these mechanisms of action should therefore
enhance their glucose-lowering effects; a DPP-4 inhibitor could
counteract the effects of an SGLT2 inhibitor on endogenous
glucose production and glucagon secretion. However, their
combined effects on blood glucose are less than additive in
patients taking metformin.

In a randomised double-blind trial of adults with type 2 dia-
betes and poor glycaemic control (HbA, . 64-108mmol/mol
[8-12%]) despite stable treatment with metformin >1500mg
daily, adding both saxagliptin and dapagliflozin reduced fasting
plasma glucose and postprandial glucose after 24 weeks sig-
nificantly more than adding saxagliptin alone but not more than
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If the person is symptomatically hyperglycaemic, consider insulin or a sulfonylurea (SU). Review treatment when blood glucose

control has been achieved.

ADULT WITH TYPE 2 DIABETES WHO CAN TAKE METFORMIN

If HbAlc rises to 48mmol/mol (6.5%)

on lifestyle interventions:

o Offer standard-release metformin

e Support the person to aim for an
HbA1c level of 48mmol/mol (6.5%)

>

If standard-release metformin is
not tolerated, consider a trial of
modified-release metformin

METFORMIN CONTRAINDICATED OR
NOT TOLERATED

]

FIRST INTENSIFICATION
If HbAlc rises to 58mmol/mol (7.5%):
e Consider dual therapy with:
- metformin and a DPP-4i
- metformin and pioglitazone
- metformin and an SU
- metformin and an SGLT-2i
e Support the person to aim for an
HbA1c level of 53 mmol/mol (7.0%)

If HbAlc rises to 48mmol/mol (6.5%)

on lifestyle interventions:

e Consider one of the following:
- a DPP-4i, pioglitazone or an SU
- an SGLT-2i instead of a DPP-4i
if an SU or pioglitazone is not
appropriate

e Support the person to aim for an
HbA1c level of 48mmol/mol (6.5%)
for people on a DPP-4i, SGLT-2i or
pioglitazone or 53mmol/mol (7.0%)
for people on an SU

v

¥

SECOND INTENSIFICATION
If HbAlc rises to 58mmol/mol (7.5%):
e Consider:
- triple therapy with:
o0 metformin, a DPP-4i and an SU
o metformin, pioglitazone and an
SuU
o metformin, pioglitazone or an
SU, and an SGLT-2i
- insulin-based treatment
e Support the person to aim for an
HbA1c level of 53mmol/mol (7.0%)

If triple therapy is not effective, not
tolerated or contraindicated, consider
combination therapy with metformin,
an SU and a GLP-1 mimetic for adults
with type 2 diabetes who:

- have a BMI of 35kg/m? or higher
(adjust accordingly for people from
black, Asian and other minority
ethnic groups) and specific
psychological or other medical
problems associated with obesity or

- have a BMI lower than 35kg/m?, and
for whom insulin therapy would have
significant occupational implications,
or weight loss would benefit other
significant obesity-related
co-morbidities

FIRST INTENSIFICATION
If HbAZlc rises to 58mmol/mol
(7.5%):
e Consider dual therapy with:
- a DPP-4i and pioglitazone
- a DPP-4i and an SU
- pioglitazone and an SU
e Support the person to aim for an
HbA1c level of 53mmol/mol (7.0%)

¥

SECOND INTENSIFICATION

If HbA1c rises to 58mmol/mol
(7.5%):

e Consider insulin-based treatment
e Support the person to aim for an

HbA1c level of 53mmol/mol (7.0%)

Insulin-based treatment

e When starting insulin, use a structured programme and
continue metformin for people without contraindications
or intolerance. Review the continued need for other blood

glucose lowering therapies.

o Offer NPH insulin once or twice daily according to need.

e Consider starting both NPH and short-acting insulin either
separately or as pre-mixed (biphasic) human insulin
(particularly if HbAlc is 75mmol/mol (9.0%) or higher).

e Consider, as an alternative to NPH insulin, using insulin detemir
or glargine if the person: needs assistance to inject insulin,
lifestyle is restricted by recurrent symptomatic hypoglycaemic
episodes or would otherwise need twice-daily NPH insulin in

combination with oral blood glucose lowering drugs.

e Consider pre-mixed (biphasic) preparations that include
short-acting insulin analogues, rather than pre-mixed
(biphasic) preparations that include short-acting human

insulin preparations, if: the person prefers injecting insulin

immediately before a meal, hypoglycaemia is a problem or
blood glucose levels rise markedly after meals.

e Only offer a GLP-1 mimeticc in combination with insulin with
specialist care advice and ongoing support from a consultant-
led multidisciplinary team.

e Monitor people on insulin for the need to change the regimen.

e An SGLT-2i in combination with insulin with or without other
antidiabetic drugs is an option.

See the guideline for a full version and notes on using the algorithm
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Figure 1. Extract of NICE algorithm for dose intensification in the treatment of type 2 diabetes?

Prescriber November 2017 I 35




B THERAPY REVIEW | DPP-4/SGLT2 inhibitor therapy

adding dapagliflozin alone (see Figure 2).8 Furthermore, a sec-
ond comparison showed that adding saxagliptin/dapagliflozin
to metformin improved beta-cell function more than adding sax-
agliptin alone.®

A similar study comparing linagliptin/empagliflozin, empag-
liflozin, and linagliptin as add-on therapy to metformin found
that the linagliptin/empagliflozin combination reduced fasting
plasma glucose significantly more than its components; post-
prandial glucose was not reported.*°

These data should be interpreted cautiously. This use of a
DPP-4/SGLT2 inhibitor combination does not match the indi-
cation approved for therapeutic use (which would mean that
patients were already established on treatment with one of the
component drugs and metformin before receiving the combina-
tion).

Glycaemic control

Clinical trials show that adding a DPP-4 inhibitor or an SGLT2
inhibitor to metformin plus the other component drug improves
glycaemic control compared with placebo, as measured by
reductions in HbA, . (see Table 1). The 10mg dose of empag-
liflozin was little different to the higher dose when linagliptin
was added to dual therapy and might be more effective when
empagliflozin is the third agent added. The studies did not com-
pare the two doses statistically and it is uncertain whether this
difference was due to chance.

Overall, after adjustment for placebo, combining a DPP-4/
SGLT2 inhibitor with metformin for 24 weeks reduces HbA .
by about 0.3-0.7% compared with metformin plus one of the
component drugs in patients with baseline HbA, . of about 8%
(64mmol/mol). This is associated with approximately a 1.5-2-
fold increase in the proportion of patients with HbA, . <53mmol/
mol (<7%), equivalent to about an extra one-quarter to one-
third of patients in these trials. Adding dapagliflozin to dual
therapy makes a bigger difference than adding saxagliptin; this
trend is evident with the lower dose of empagliflozin (added to
linagliptin/metformin) but not the higher dose. Further compar-
isons are needed to clarify whether this was an artefact of the
trials, which report different response rates with placebo, or a
clinically relevant difference. In these studies, patients were
required to be taking metformin at a dosage of at least 1500mg
daily but the actual mean dosage was not reported.

Body weight changes little when a DPP-4 inhibitor is added
to a metformin/SGLT inhibitor combination but, in patients with
baseline BMI 30-32kg/m?, adding the SGLT2 inhibitor to a met-
formin/DPP-4 inhibitor combination is associated with weight
loss of approximately 1.5-3.0kg compared with 0.3-0.4kg
among placebo recipients.*12

Adding an SGLT2 inhibitor to metformin/DPP-4 inhibitor is
also associated with a small reduction in blood pressure of
about 1.0-2.5mmHg above the effect of placebo for systolic
and diastolic pressures!*'? put there is little impact when a
DPP-4 inhibitor is the third drug added.*3

These trials did not report the effects on glycaemic con-
trol according to baseline HbA, . but, according to regulatory
reviews, adding empagliflozin to metformin/linagliptin was more
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SDM = saxagliptin, dapagliflozin and metformin .
SM = saxagliptin and metformin [JJj
DM = dapaglifozin and metformin [_]

*p<0.0001 (vs saxagliptin and metformin)

Figure 2. Comparative effects of saxagliptin/dapagliflozin,
saxagliptin and dapagliflozin when added to metformin on fasting
plasma glucose and postprandial glucose after 24 weeks’ treatment®

effective in patients with higher pretreatment HbA, ' whereas
adding saxagliptin to metformin/dapagliflozin had limited effect
in patients with high HbA . (defined as >75mmol/mol, 29%).**
However, patients in the linagliptin/empagliflozin study had bet-
ter baseline glycaemic control than those in the saxagliptin/
dapagliflozin study, suggesting that comparison between the
trials is inappropriate.

Extension studies have reported one year’s treatment with
metformin/saxagliptin/dapagliflozin.*¢” Improvements in gly-
caemic control were maintained and the proportion of patients
who needed rescue treatment for HbA, . >64mmol/mol (>8%)
or who discontinued treatment was lower than with placebo

prescriber.co.uk



(19% with saxagliptin added on to metformin/dapagliflozin vs
28% with placebo add-on; and 21% with dapagliflozin added
on to metformin/saxagliptin vs 48% with placebo add-on). The
reduction in body weight associated with add-on dapagliflozin
was also maintained (-2.1kg vs -0.4kg with placebo add-on).

Adverse effects

The nature of adverse events reported with triple therapy with
metformin plus DPP-4/SGLT2 inhibitors was typical of the com-
ponent drugs. Adding a DPP-4 inhibitor to metformin/SGLT2
inhibitor was not associated with an increase in the frequency
of adverse events in phase 3 trials.1%*2 Urinary tract infection
was slightly but consistently more frequently reported with
add-on linagliptin (8-10% vs 5-6% with placebo) or add-on sax-
agliptin (5% vs 4%); hypoglycaemia was rare.

The overall frequency of adverse events was also similar to
that with placebo after adding an SGLT2 inhibitor to metformin/
DPP-4 inhibitor.***? In this instance, the frequency of urinary
tract infection ranged from 3% to 7%, no greater than with pla-
cebo (6%) but genital infections were more common with add-on
SGLT2 inhibitor in men and women (5% vs 1-2% with placebo)
(except with empagliflozin 10mg — about 2%). The difference
between adding a DPP-4 inhibitor and adding an SGLT2 inhibi-
tor on frequency of genital infections is probably explained by
the selection of patients less likely to develop genital infection
during early SGLT2 inhibitor use. Adverse events resulted in
treatment discontinuation in more patients taking dapagliflozin
(5% vs 1% with placebo) but not empagliflozin (2% vs 2% with
placebo; none with the 25mg dose).

These trends were maintained during one year’s treatment
with saxagliptin/dapagliflozin/metformin, with small increases
in the proportions of patients reporting urinary tract infection
(8-10%). Saxagliptin added on to dapagliflozin/metformin was
associated with fewer genital infections than placebo (3% vs
6%)'¢ whereas dapagliflozin added on to saxagliptin/metformin
was associated with more than placebo (6% vs 1%).%"

Costs

According to the November 2017 Drug Tariff, a month’s treat-
ment with saxagliptin 5mg daily and dapagliflozin 10mg daily
separately costs £68.19 compared with £49.56 for Qtern. The
cost of Glyxambi is not yet known.

Place in therapy
The role of dual DPP-4/SGLT2 inhibition at second-dose intensi-
fication is not established. The options recommended by NICE
are triple therapy with metformin plus two of a sulfonylurea,
pioglitazone, a DPP-4 inhibitor and an SGLT2 inhibitor (or insu-
lin-based therapy), but NICE does not specifically recommend a
DPP-4 inhibitor and an SGLT2 inhibitor in the same triple ther-
apy combination (see Figure 1).2

According to the summaries of product characteristics, the
indication for the use of DPP-4/SGLT2 inhibitor combinations is
inadequate glycaemic control with metformin and/or a sulfonyl-
urea plus one of the component drugs, implying that quadruple
therapy might be an option (ie metformin/sulfonylurea/DPP-4
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inhibitor/SGLT2 inhibitor). However, the phase 3 trials specifi-
cally excluded treatment with drugs other than metformin.

What other indication might there be for metformin plus
DPP-4/SGLT2 inhibition? According to NICE, options at the
first-dose intensification include combining metformin with a
DPP-4 inhibitor or an SGLT2 inhibitor; individuals who are not
controlled on these therapies and who do not want or cannot
take a sulfonylurea or pioglitazone might find the new combina-
tion more appealing. The trials suggest that glycaemic control
improves more when an SGLT2 inhibitor is added to dual ther-
apy with metformin/DPP-4 inhibitor; this difference was more
marked with dapagliflozin than empagliflozin but it’s unclear
whether this is a true difference between the drugs or a chance
finding.

Summary

The combination of a DPP-4 inhibitor and an SGLT2 inhibitor,
together with metformin, improves glycaemic control compared
with metformin plus one of the component drugs and may have
a role when the usual options are unsatisfactory. The impact
on glycaemic control appears to be greater when an SGLT2
inhibitor is the new addition but so too is the risk of genital
infections.

Clinical trials of the two available combinations report
broadly similar outcomes for efficacy and tolerability and it is
unclear whether the small differences between them reflect the
true effects of the component drugs or are due to chance. Qtern
is less expensive than its component drugs taken separately.
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