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Abstract: Type 2 diabetes mellitus is a progressive disease associated with significant morbidity
and mortality. There is good evidence showing that intensive glycemic control reduces the
development and progression of complications. In order to achieve glycemic targets, patients
often require a combination of oral therapy and/or insulin in addition to lifestyle modification.
Unfortunately, many of the traditional therapies for type 2 diabetes are associated with weight
gain and hypoglycemia, resulting in poor compliance and subsequent worsening of glycemic
control. The dipeptidyl peptidase-4 inhibitor sitagliptin is a therapy for type 2 diabetes and is
available as a fixed-dose combination with metformin. Phase Il clinical trials have demonstrated
beneficial effects on glycemic control and minimal untoward effects with this combination. In
this article, we provide an overview of the pharmacology, efficacy, and safety and examine the
role of this combination within current practice.
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Introduction

Achieving a glycated hemoglobin (HbAlc) level of <7.0% is the primary end point of
diabetic care, with evidence supporting this target for the reduction of microvascular
complications and providing potential benefit to the macrovascular complications of
diabetes.' The complex pathophysiology of diabetes, with a combination of peripheral
insulin resistance, reduced insulin production secondary to beta-cell dysfunction, and
increased hepatic gluconeogenesis, provides a number of potential treatment targets.
The British National Institute for Health and Care Excellence (NICE), the American
Diabetes Association (ADA), and the European Association for the Study of Diabetes
(EASD) recommend early intervention with oral antidiabetic agents to obtain the target
HbAlc."? Type 2 diabetes mellitus is a chronic and progressive disease, and although
monotherapy may be adequate initially, >50% of patients do not achieve adequate
glycemic control.? Dose adjustment and progression to multiple diabetes therapies are
often required to maintain target HbAlc levels.

Metformin, a biguanide, is recommended as the first-line oral hypoglycemic
agent by NICE, the ADA, and the EASD and can be used for monotherapy and
combination therapy.'* Metformin has a number of complementary but not yet fully
understood mechanisms of action. The accepted mechanism of action is a reduction in
hepatic glucose output, but it also increases peripheral glucose utilization, increases
peripheral tissue sensitivity to insulin, decreases fatty acid oxygenation, and reduces
intestinal carbohydrate absorption.* It is the most widely prescribed first-line therapy
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and is associated with relatively low adverse effects such
as hypoglycemia and weight gain. Metformin has a low
acquisition cost and can be used safely in combination with
other oral agents and insulin.* Despite its initial efficacy
in HBAlc reduction, with increased duration of type 2
diabetes, other agents are often required to maintain and
improve glycemic control. In recent years, newer agents
such as the dipeptidyl peptidase-4 inhibitors (DDP-4i) have
provided an add-on option to metformin. Breakthroughs
in the understanding of incretin-based therapy have pro-
vided a novel and exciting approach in the management
of type 2 diabetes during the past 15 years.” The incretin
effect is the exaggerated insulin release seen following an
oral glucose load compared to intravenous administration,
which is believed to be due to release of hormones within
the gastrointestinal tract when a meal is ingested. These
hormones, known as incretins, work to stimulate glucose-
dependent insulin secretion from beta cells by intracellular
signaling pathways including cyclic adenosine monophos-
phate.’ In addition, these short-acting hormones suppress
hepatic glucagon secretion, and delays gastric emptying in
a glucose-dependent manner. The two best studied incretins
are glucagon-like peptide 1 (GLP-1) and glucose-dependent
insulinotropic polypeptide.’ It has also been proposed that
the incretins have a beneficial effect on beta-cell mass, with
animal studies demonstrating beta-cell proliferation and
reduced apoptosis after treatment with GLP-1.° GLP-1 is
metabolized rapidly by proteolytic cleavage by the enzyme
DDP-4. Patients with type 2 diabetes may have reduced
levels of GLP-1 in response to a glucose load, suggesting
a potential target area for treatment.’ DDP-4i act to delay
endogenous degradation of incretins, resulting in a twofold
to threefold increase in the circulating levels of glucose-de-
pendent insulinotropic polypeptide and GLP-1.° The effect
is to promote glucose-dependent biosynthesis and release of
insulin, resulting in better glycemic control.” The first in this
class was sitagliptin, receiving European Medicines Agency
approval in 2007, licensed for both monotherapy and com-
bination therapy, including with metformin. In the UK, it is
licensed for monotherapy in combination with diet and exer-
cise in those with contraindications or who cannot tolerate
metformin and as a triple therapy with metformin plus sulfo-
nylureas or thiazolidinediones. Sitagliptin is associated with
a low risk of hypoglycemia due to its glucose-dependent
mechanism, is weight neutral, and has a low adverse effect
profile in addition to its positive effect on the metabolic
abnormalities associated with type 2 diabetes.® Metformin
and sitagliptin provide an attractive initial combination

therapy due to their complementary mechanisms of action,
targeting more than one pathophysiological defect in type 2
diabetes. Sitagliptin increases glucose-dependent insulin
secretion, while metformin reduces hepatic gluconeogenesis
and sensitizes peripheral tissues to the action of insulin.
Beyond this, coadministration of sitagliptin and metformin
has been shown to produce additive enhancement of active
GLP-1 levels relative to the individual agents.’ Studies in
healthy volunteers of the combination of sitagliptin and
metformin have shown a doubling of active postprandial
GLP-1 levels, which is fourfold greater than metformin or
sitagliptin alone.’ It is thought that they act through different
but complementary mechanisms, with metformin increasing
the release and sitagliptin inhibiting active GLP-1 degrada-
tion. Single tablet combination therapy has been developed
(fixed-dose combinations [FDCs]) to take advantage of
these complementary actions while reducing tablet burden.
The aim of this review is to evaluate the clinical utility of
a FDC of sitagliptin/metformin in the treatment of type 2
diabetes.

Pharmacokinetic and
pharmacodynamic properties of
metformin and sitagliptin

Metformin

Metformin hydrochloride (NV,N-dimethylimidodicarbinimidic
diamide hydrochloride) is a derivative of guanidine, with
a molecular formula of C,H, N.HCL' It has been found
to have saturable and incomplete oral bioavailability of
40%—-60%. The absorption is reduced and delayed in the
presence of food.* Metformin is distributed without binding
to plasma proteins and primarily undergoes renal excretion
unchanged'® with the remaining 20%-30% recovered in
the feces. A significant increase in plasma half-life is seen
in patients with renal impairment, and it is not indicated
for use in patients with an estimated glomerular filtration
rate <30 mL/min/1.73 m.>* The mean plasma half-life is
estimated to be 4-8.7 hours.

Sitagliptin

Sitagliptin, MK-0431 [(2R)-4-0x0-4-(3-[trifluoromethyl]-
5,6-dihydro[1,2,4]triazolo[4,3-a]pyrazin-7[8H]-yl)-1-
(2,4,5-trifluorophenyl)butan-2-amine],® is an orally active
beta-amino acid-derived DDP-4i, with molecular formula
C,H,,F N.OP and a molecular weight of 523.3 g/mol."" Itis
a potent inhibitor of DPP-4 (inhibition mean of 91.3% after
12 hours?), with a half-life of ~8—14 hours and an oral bio-

availability of 87% with negligible effect on the time to reach
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maximum concentration (t ) when administered with food.
The mean plasma area under the curve of sitagliptin is
8.52 uM/h with a maximum concentration of 950 nM
with ~38% plasma protein bound.” Sitagliptin is primarily
eliminated renally via active tubular secretion, 79% being
excreted unchanged. Near maximal DPP-4 inhibition is seen
at the recommended sitagliptin dose of 100 mg/d.’

Combined pharmacokinetic profile

The limited studies available have shown no clinically
meaningful alteration to the steady-state pharmacokinetics
of sitagliptin and metformin either by coadministration as a
FDC or when concomitantly administered.'?

Efficacy studies with sitagliptin and

metformin combination

Several studies have examined the efficacy, safety, and
tolerability of sitagliptin and metformin as either a FDC or
a dual therapy against placebo, monotherapy, as add-on, or
other active combinations. Due to the vast array of evidence,
this review will focus on the large (>500 patients) random-
ized double-blind control trials available in the literature.
Smaller and single-blind studies have supported the findings
presented. > A number of studies have examined the effect
of the combined use of metformin and sitagliptin in relation
to beta-cell function, which show a greater positive effect on
beta-cell function compared to respective monotherapy.>'¢!”
These studies are summarized in Table 1.

Sitagliptin and metformin as fixed dose or dual
therapy compared to monotherapy

Reasner et al'® assessed the efficacy and safety of sitagliptin/
metformin FDC therapy with metformin alone for >18 weeks
and 26 weeks in treatment naive participants with type 2
diabetes who had an HbAlc =7.5% on a diet and exer-
cise therapy. A total of 1,450 patients, aged 18-78 years
of age with a mean HbAlc of 9.9%, were randomized to
sitagliptin/metformin 50/500 mg or metformin 500 mg
monotherapy (up-titrated for >4 weeks to achieve maxi-
mum doses of metformin 1,000 mg for both arms).” At
week 18, the adjusted mean changes (with 95% confidence
intervals [CIs]) from baseline HbAlc were —2.4% (-2.5,
—2.2) for sitagliptin/metformin and —1.8% (-0.8, —0.4) for
metformin alone, resulting in a significant between-group
difference of —0.6% (P<<0.001). A higher proportion of
participants receiving sitagliptin/metformin achieved an
HbAlc <7.0% at 18 weeks (49.2% vs 34.2%, respectively,
P<0.001). Similarly, a higher proportion of participants in

the sitagliptin/metformin group achieved an HbAlc <6.5%
at 18 weeks compared to metformin alone. For fasting plasma
glucose (FPG) at week 18, sitagliptin/metformin had a larger
decrease from baseline compared to the monotherapy group,
resulting in a significant difference between the groups
of —0.9 mmol/L (P<<0.001). Significantly greater improve-
ments in measures of beta-cell function (Homeostasis Model
Assessment of beta-cell function and proinsulin/insulin
ratio) were observed in the sitagliptin/metformin group at
18 weeks, and reduction in body weight from baseline was
comparable in both groups. The safety profile was similar
in both groups with no meaningful differences observed in
drug-related adverse experiences or discontinuation of treat-
ment. The incidence of reported hypoglycemia was low and
similar in the two groups (2.1% sitagliptin/metformin group
and 1.8% metformin monotherapy).

Williams-Herman et al' assessed the efficacy and safety
of sitagliptin and metformin as initial combination therapy and
as monotherapy in a long-term 104-week extension study of
patients with type 2 diabetes with inadequate glycemic control
(HbAlc 7.5%—11%) treated with diet and exercise. The study
was an extension study of 50 weeks following a 54-week initial
double-blind study with those receiving active treatment on the
initial study remaining on this and those receiving placebo being
transferred and up-titrated to 1,000 mg of metformin. A total of
517 participants received sitagliptin 100 mg once a day (OD),
metformin 500 mg twice a day (BD), metformin 1,000 mg BD,
sitagliptin 50 mg BD plus metformin 500 mg BD, or sitagliptin
50 mg BD plus metformin 1,000 mg BD. At week 104, all active
treatment arms showed a significant reduction in HbA1lc from
baseline with the sitagliptin 50 mg plus metformin 1,000 mg
BD showing the greatest reduction at —1.7%, greater than either
monotherapy. Similarly, a higher proportion of participants in
this group achieved an HbAlc <7%, 60% compared to 45%
with metformin 1,000 mg and 32% with sitagliptin 100 mg. The
incidences of adverse experiences were similar with a low inci-
dence of hypoglycemia reported in all groups in the study.

Goldstein et al?® assessed the efficacy and safety of
sitagliptin and metformin as initial combination therapy
and as monotherapy for >24 weeks in participants with
inadequately controlled type 2 diabetes not receiving oral
antihyperglycemic agents. A total of 1,090 participants, aged
18—78 years, with a mean HbA 1¢ of 8.8%, were randomized
to receive sitagliptin 100 mg OD, metformin 500 mg BD,
metformin 1,000 mg BD, sitagliptin 50 mg BD daily plus
metformin 500 mg BD, sitagliptin 50 mg BD plus metformin
1,000 mg BD, or placebo. At week 24, adjusted mean
changes (95% CI) from baseline HbA 1c were highest in the

Drug Design, Development and Therapy 2016:10

submit your manuscript

2265

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Hayes et al

‘aJN|AUOY|NS ‘NS APfPaMm 92U0 ‘AAQ ‘Aep & 9dU0 ‘QQ ‘Aep & 92IM1 ‘(g ‘daquinu ‘U ‘uiqojdowsay paaedA|3 O | YqH SuOoIIRIARIqqY

%00 0qede|d + QO 3w Q0§‘| = UlWIOpRW F p/sHUN G| = uljnsuj %L°8 2| VqH duljeseg
%90~ Qo 8w oo undiBes + QO 8w 00S‘| = UIWLORBW T p/sSHUN G| = ul|nsu] 1#9=u ¥T a|® 32 [|OGS|IA
%0 1— QO 3w Qog uizojdeued + NS + QO Sw Q0S‘| = UIWI0f3Y %18 2| VqH duljeseg
%990~ Qo 3w go| undydens + NS + O 8w OOS‘| = ulwIopdl (dn-mojjoj 3e ppp=u)
DIVIH qG/=u 9 Z_m 39 Jaueyjuasyds
%010~ oqede|d + QO 3w Q0S| = UIWIopR|y
%680~ Qo 8w op| undieus + QO 8w 00S‘| = uIWIOpB
%0€1— MO 8w oz apinjSodsel + QO 8w 05| = ulWIoNdY %96'L 1 V9H dulpeseg
%ET |- MO 3w (] apnnjgodsel + O 3w 0§‘| = UIWIONB Ts=u ¥T 5|8 39 [easuagiog
%6 0~ Ao 3w oo| undieus + O 3w 00S‘| = uUIWIOfS
%C 1= Ao 3w gy suozenjoid + QO 3w 0OS‘| = uUIWIOfBL %S°8 2| VqH duleseg
%S 1— MO 8w 7 dpneusxa + O Sw 05| = ulwIopay 16p=u 9T ¢l 19 [easudzliag
%S0~ Qo 3w 9—| spridawid + Sw QOg‘| = uIWIOfBLY %§°L 21VqH duljeseg
%Ly 0— Qo 8w oo undiBeus + O 8w 00S‘| = uUIWIOpB 6/8=u 0¢ s2& 39 EID[ARYDAIY
%150~ Qo 8w 0z @p!zidiIg + QO 8w 05| = uIWIoN3Y %€°L 21 VqH duljeseg
%S0~ Ao 3w 00| undieus + O 3w 00S‘| = UIWIOAS y0S=u Ol LECRBEN
%950~ ulwIofs %S°L 21VqH @uljeseg
%150~ Qo 3w go| undydens + QO Sw Q0§‘| = UIWION3Y [JANE" 49 l® 39 dPneN
(ogodeld sA 100°0>d) 00— ogadeld + QO 8w (05| = UIWION3 %0°8 21 VqH duljeseg
190~ Qo 8w op| undiBeus + QO 3w 00S‘| = UIWIOpB 10£=u ¥T 2I& 39 [auuoq.eyD
ogade|d sA uosiiedwod e Jo} |00°0>d 0oqede|d
%€8°0~ Qo 3w o undy3eas
%0€1- 8w 000‘C WwLIopdY
%660~ do 8w 000‘| ulw.opdy
%L0T— Qo 3w 000‘T Ulwlopaw + O Sw o | undiSeus %8'8 2| VqH duljeseg
%LS 1— Qo 8w 000‘| ulwaopsw + o 3w oo undySens 160°1=u ¥T o€ 39 UIRISp|OH
%C |- Qo 3w go|undiSeus
%1°1— Qg 8w 00§ uIw.Iopdly
%€ |— ag 8w 000‘| UlWIopdly %L°8 2| VqH duljeseg
% |— ag 8w 00§ ulwopaw + ag 3w og undySens POM 0|
%L1~ ag 8w 0o0‘| utwaopaw + ag 3w og undidexs £1§=u ] ¢1[B 39 UBWLISH-SWEI[IAA
100°0>>d ‘%9°0— :@2ud4y1q
%8 |- ag 8w 000‘| UlwIopdly %6'6 2| VqH duljeseg
%y~ ag sw 0o0*| utwJaopaw/3w og undiSeus sauaned aAleu Snup g7 |=u T o[ 39 Jauseay
[ EETTN
3| vgH ui a8ueyd saideaay) aanesedwor a|dwes Apmyg ‘uoneang Apmg

uone.sIsIulWpeod ujwopsw pue undiSels jo Asediye aya Suluiwexs sjels [edtuld | d|qeL

Drug Design, Development and Therapy 2016:10

submit your manuscript

2266

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Fixed dose of sitagliptin/metformin

sitagliptin 100 mg + metformin 2,000 mg group (—1.90%
[CI —2.06 to —1.84]) with all active treatment groups
achieving significant changes (P<<0.001) in HbAlc from
baseline relative to placebo (as shown in Table 1). Patients
receiving sitagliptin + metformin at either dose were more
likely to achieve an HbAlc <7.0% and <6.5% compared
to monotherapy and placebo. All active treatment groups
produced significant changes in FPG at 24 weeks compared
to placebo. At 24 weeks, reductions in body weight were
seen in all groups, except for sitagliptin, which showed no
change from baseline.

Charbonnel et al*! compared the efficacy of sitagliptin in
combination with metformin to metformin in combination
with placebo in 701 patients with an HbAlc between 7%
and 10% on stable metformin doses of at least 1,500 mg/d.
Patients were randomized to add-on of 100 mg sitagliptin
OD or placebo for 24 weeks. Sitagliptin plus metformin
provided effective and sustained improvement in glycemic
control compared to placebo with an HbAlc reduction
0of' —0.67% from baseline and FPG reduction of —0.9 mmol/L,
both statistically significantly greater than placebo. Once
again, the addition of sitagliptin led to a significant increase
in the proportion of patients achieving HbAlc <7%.

Sitagliptin and metformin vs other agents

and metformin

Sitagliptin has been compared with a number of other
oral hypoglycemic agents in combination with metformin
primarily to provide evidence of noninferiority and to com-
pare adverse effects. Nauck et al?? assessed the efficacy and
safety of sitagliptin compared to glipizide as add-on therapy
to metformin in patients with type 2 diabetes mellitus and
suboptimal glycemic control on metformin alone. A total of
1,172 participants receiving metformin doses =1,500 mg/d
were randomized to sitagliptin 100 mg OD or glipizide,
which was up-titrated from 5 mg to 20 mg/d for 52 weeks.
At 52 weeks, changes from baseline HbAlc were —0.62%
confirming noninferiority. The proportion of participants
reporting hypoglycemic events was low in the sitagliptin
with metformin group (4.9%) and substantially higher in the
glipizide with metformin group with 657 episodes of hypo-
glycemia reported by 187 patients (32.0%). Furthermore,
seven participants in the glipizide group required medical
assistance for hypoglycemia compared to one in the sita-
gliptin group. Treatment with sitagliptin and glipizide was
associated with an adjusted mean change in body weight from
baseline of —1.5 kg and +1.1 kg, respectively; the between-
group difference was —2.5 kg (P<<0.001).

Seck et al” conducted a 104-week trial examining glipizide
5-20 mg/d compared to sitagliptin 100 mg/d, plus met-
formin > 1,500 mg/d with the primary outcome being HbAlc
reduction from 24 weeks to the end of 104 weeks. Of the
1,172 randomized patients, 504 completed 104 weeks.
The dropout rate was similar in both groups. At 104 weeks,
the mean change from baseline HbAlc was —0.51% for
glipizide (256 participants) and —0.54% for sitagliptin
(248 participants). With respect to weight, there was a slight
increase from week 24 for both sitagliptin (0.16%/yr) and
glipizide (0.26%/yr). A similar proportion of participants
achieved an HbAlc <7% at the end of 104 weeks (73%
and 69% for sitagliptin and glipizide, respectively). The
prevalence of medication-related adverse events were
16.5% and 33% for sitagliptin and glipizide, respectively,
mainly due to episodes of hypoglycemia. Similar find-
ings were seen in an extension to 54 weeks in a study
by Karasik et al.>* A total of 544 participants completed
the extension trial, and of those assigned to placebo were
switched to glipizide and up-titrated from 5 mg to 15 mg as
required. As with the Nauck et al study,?? similar changes
in HbAlc were reported, —0.79% and —0.9% for the sita-
gliptin and glipizide groups, respectively. Similar changes
were reported between the sitagliptin and glipizide groups,
for weight —0.9 kg and +1.1 kg, respectively, and reported
hypoglycemia 1% vs 16%, respectively.

In a similar study, Arechavaleta et al*® assessed the effi-
cacy and safety of sitagliptin compared to glimepiride as
add-on therapy to metformin for >30 weeks in participants
with type 2 diabetes mellitus and inadequate glycemic control
receiving at least a 12-week course of metformin. A total of
879 participants were randomized to sitagliptin 100 mg OD
or glimepiride, which was up-titrated as required from 1 mg
to 6 mg depending on the self-monitoring of blood glucose.
Changes in HbA 1¢ from baseline were similar with —0.46%
metformin/sitagliptin and —0.54% metformin/glimepiride
with the between-group difference meeting the criteria for
declaring noninferiority. The percentage of patients with an
HbA 1c <7.0% was slightly higher in the sitagliptin group but
not statistically significant. The hazard of having symptom-
atic hypoglycemic events was calculated to be 15-fold lower
(P<<0.001) and 18-fold lower (P<<0.001) as defined by self-
monitoring of capillary glucose measurements =3.9 mmol/L
and =2.8 mmol/L, respectively.

Bergenstal et al® assessed the efficacy and safety of three
oral hypoglycemics as added-on to metformin monotherapy
in participants with inadequately controlled blood glucose in
a double-blind, double-dummy controlled trial. These agents
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were sitagliptin, exenatide, and pioglitazone. A total of
491 patients were randomized to metformin =1,500 mg
plus sitagliptin 100 mg OD plus once weekly (OW) inject-
able placebo, metformin 1,500 mg plus exenatide 2 mg
injected OW plus oral placebo, or metformin =1,500 mg
plus pioglitazone 45 mg OD plus one weekly injectable
placebo. At 26 weeks, the adjusted mean HbA 1c¢ reduction
from baseline was —0.9%, —1.5%, and —1.2% for sitagliptin,
exenatide, and pioglitazone, respectively. A statistically
significant difference between exenatide and sitagliptin was
noted. This was not the case for exenatide vs pioglitazone,
where significantly more patients achieved HbAlc <7%
with exenatide than with sitagliptin or pioglitazone. No note
is made comparing the efficacy of pioglitazone to sitagliptin,
and noninferiority was not investigated for these agents.
In all primary and secondary recorded outcomes, exenatide
provided the greatest reported improvement. At week 26,
fasting insulin and FPG were significantly improved with
exenatide compared to pioglitazone and sitagliptin. Of inter-
est, all therapies were associated with significant improve-
ments in C-reactive protein and adiponectin. Weight loss was
seen with both sitagliptin (—0.8 kg) and exenatide (2.3 kg)
but not with pioglitazone (2.8 kg) with statistically significant
differences for exenatide vs both sitagliptin and pioglitazone
(1.5 kg, P=0.0002 and —5.1 kg, P<<0.0001, respectively).
The reported frequency of adverse events for all therapies
was similar, with pioglitazone having the highest reported
series events at 6%. The most common adverse effect seen
with sitagliptin was gastrointestinal, although higher rates
of vomiting and diarrhea were reported with exenatide, with
24% and 18%, respectively, compared to 10% for both with
sitagliptin. There was no difference in the overall safety
profile of the three therapies.

Bergenstal et al*® also studied the efficacy and safety of
metformin and sitagliptin against taspoglutide (an injectable
GLP-1 analogue, which was subsequently discontinued
and did not receive regulatory approval). The study design
comprised of metformin =1,500 mg plus taspoglutide
10 mg or 20 mg OW plus oral placebo or sitagliptin once
daily plus weekly injectable placebo. At 24 weeks, the
HBA1c reductions were —2.3%, —1.3%, and —0.89% for
10 mg, 20 mg, and sitagliptin, respectively, with statisti-
cally significant mean treatment differences compared to
sitagliptin. A greater proportion of participants with taspo-
glutide achieved an HbA 1¢ <7% and <6.5%, with significant
reduction in FPG. There was also greater weight reductions
associated with taspoglutide (—1.8 kg, —2.6 kg compared
to sitagliptin —0.9 kg). Adverse effects were greater with

taspoglutide and were mainly gastrointestinal (nausea 51.3%,
57.8%, and 17.4%; vomiting 29.4%, 40.1%, and 6.5%; and
diarrhea 17.1%, 15.1%, and 5.4%). A small increased risk
of nasopharyngitis and upper respiratory tract infections was
associated with sitagliptin.

Sitagliptin and metformin as part of triple
combination therapy

Schernthaner et al?’ assessed the safety and efficacy of
canagliflozin (300 mg/d), a sodium glucose cotransporter 2
(SGLT2) inhibitor, compared to sitagliptin in patients inad-
equately controlled on metformin and sulfonylurea in a non-
inferiority study relative to canagliflozin. This was a 52-week
study with 755 participants receiving metformin =1,500 mg
and sulfonylurea at the half-maximal labeled dose or more,
with a baseline HbAlc 7%—10.5% (mean baseline HbA lc of
8.1%). At 52 weeks, the HBA 1¢ reductions were —1.03% for
canagliflozin and —0.66% for sitagliptin with a mean differ-
ence —0.37%. Significantly greater reduction from baseline
FPG was observed for canagliflozin compared to sitagliptin
(P<0.001) and a greater reduction in body weight for cana-
gliflozin with a mean difference of —2.8 kg (P<<0.001). For
canagliflozin, there was a higher rate of genital mycotic
infections. The prevalence of hypoglycemia was similar
(canagliflozin 43.2% and sitagliptin 40.7%).

Vilsboll et al?® studied the efficacy and safety of sitagliptin
when added to insulin therapy with or without metformin.
A total of 641 participants who were taking =15 units/d
alone or in combination with metformin =1,500 mg/d were
recruited and were randomized to receive either sitagliptin
100 mg OD or placebo. The mean baseline HbAlc was 8.7%.
The change in HbAlc was —0.6% for sitagliptin and —0.0%
for placebo. The incidence of symptomatic hypoglyce-
mia was 16% for sitagliptin compared to 8% for placebo
(P=0.003). No significant differences were observed for other
adverse effects such as nasopharyngitis, upper respiratory
tract infections, and urinary tract infections, and there was
no change in body weight.

Safety and tolerability

From the studies described, the coadministration of met-
formin and sitagliptin was generally well tolerated in any
combination as a FDC or as add-on in up to 2 years of treat-
ment. The most commonly reported side effects related to the
combination were nasopharyngitis, urinary tract infections,
upper respiratory tract infections, and gastrointestinal symp-
toms. These were similar to the adverse effect profiles seen
with sitagliptin® monotherapy, and it is well established that
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metformin is associated with gastrointestinal effects.* There
was only a small increase in nasopharyngitis and urinary tract
infections seen with the combination compared to placebo
with few studies reporting significant change. Blood pressure
was monitored in a large number of studies, and the combina-
tion treatment seemed to have no notable effect.

Although an increased risk of pancreatitis has been
reported to be potentially associated with the use of oral
antihyperglycemic agents, notably DDP-41i, no reported cases
were seen in trials presented here. The cause of pancreatitis
with incretin-based therapy is not fully understood, and larger
studies looking at acute pancreatitis risk with sitagliptin use
have not found an association.’**' Despite this, a number
of postmarketing reports have been described, and current
evidence is not sufficient to provide a definitive answer.> It is
recommended that patients should be monitored for signs of
acute pancreatitis when sitagliptin is initiated (monotherapy
or in combination) and when dose is increased.

As described, although metformin is considered as one
of the safest oral hypoglycemic agents, it is not indicated for
use in patients with chronic kidney disease (CKD) with an
estimated glomerular filtration rate =30/min/1.73 m? due to
the perceived risk of lactic acidosis.’**? Sitagliptin, although
requiring dose adjustment, can be prescribed in CKD of any
severity including end-stage renal failure.* No studies were
identified in the literature that looked specifically at the risk
of lactic acidosis with the combination of sitagliptin and
metformin. None of the studies presented in this review
describe instances of lactic acidosis.

Hypoglycemia

Although hypoglycemia was reported in the reviewed studies,
no great increase in risk was seen unless in combination with
a sulfonylurea or insulin.”’*® In comparison to metformin
monotherapy,'®?!' there were no increase in hypoglycemic
episodes reported with the highest available clinical dose
of both agents. Risk was shown to be reduced with the met-
formin and sitagliptin combination compared to metformin
combination with glipizide and gliperimide.®?2332

Patient perspective

There is an approved FDC, single-pill combination therapy
available (Janumet) to improve the glycemic control of
adults with type 2 diabetes licensed in the UK. It is licensed
for patients in whom metformin alone or in combination
with a sulfonylurea, pioglitazone, or insulin does not have
adequate glycemic control.’* It is available in one dose of
sitagliptin (50 mg) and metformin (1,000 mg) and should be

prescribed as one tablet twice daily. This preparation provides
physicians the ability to improve glycemic control without
increasing the pill burden for the patient and provides relief
for patients with type 2 diabetes often treated with a number
of other medications. The combination has been shown to
have a relatively small adverse effect profile with a reduced
risk of hypoglycemic events compared to other combinations
of oral hypoglycemic therapies. Hypoglycemic events are an
important factor to consider for all patients and in particular
in the elderly and those with a known cardiovascular history
as they can increase risks of falls and cardiovascular events.
Studies indicate the combination is weight neutral, which is
another benefit to the patient.

Conclusion and place in therapy

A number of therapeutic options are available for patients
with inadequate glycemic control on metformin monotherapy.
Six classes of oral hypoglycemic agents are available and
patients’ quality of life and safety need to be carefully con-
sidered when prescribing. This is especially important when
prescribing in the elderly and those with comorbidities such
as a cardiovascular history and CKD. The combination of
sitagliptin and metformin has been shown to adequately
lower HbAlc to a greater extent than either agent alone,
and this combination addresses different pathophysiological
processes implicated in the pathogenesis of type 2 diabetes.
The combination has been found to be safe and well tolerated
and with the availability of a single-pill FDC provides ease
of use and prescription. With a low risk of hypoglycemia, it
has a clear role in the first- and second-line therapy of type 2
diabetes, although further studies are required to assess long-
term effectiveness and safety.
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