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Abstract: Type 2 diabetes mellitus (T2DM) is a progressive and multifactorial cardiometabolic
disorder. Almost half of adults with diabetes fail to achieve their recommended glucose control
target. This has prompted some clinicians to advocate the use of more intensive initial therapy,
including the use of combination therapy to target multiple physiologic defects in diabetes with
the goal of achieving and sustaining glucose control. Numerous options exist for combining the
various classes of glucose-lowering agents in the treatment of T2DM. This report reviews the
mechanism, rationale, and evidence from clinical trials for combining two of the newer drug
classes, namely, dipeptidyl peptidase-4 inhibitors and sodium-glucose cotransporter 2 inhibitors,
and considers the possible role of such dual therapy in the management of T2DM.
Keywords: sodium-glucose cotransporter 2 inhibitors, dipeptidyl peptidase-4 inhibitors, type 2
diabetes mellitus, combination therapy

Introduction

Type 2 diabetes mellitus (T2DM) is a progressive, multifactorial metabolic and
cardiovascular disorder characterized by multiple pathophysiologic abnormalities
(exemplified by the “Ominous Octet”)."* Almost half of adults with diabetes do not
achieve the recommended glucose control targets.* This has prompted some clinicians
to consider more aggressive initial therapy, including the initial use of combination
therapy.!” DeFronzo and colleagues have proposed the early initiation of combination
therapy in the treatment of T2DM, using agents that correct the associated pathophysi-
ologic abnormalities to produce a sustained reduction in glycated hemoglobin (HbA, ).!
They further suggested that medications and treatment approaches in T2DM should
preserve or improve pancreatic B-cell function, reduce insulin resistance in muscle
and liver, have a beneficial effect on cardiovascular risk factors, be weight neutral/
promote weight loss, and be safe to use.! Drug classes selected for use in combina-
tion should have complementary mechanisms of action,"* which may prevent the
occurrence of compensatory mechanisms and may maximize the chances of additive
effects in achieving and maintaining HbA goals.® The potential use of initial com-
bination therapy is recognized in the current standards of care for diabetes, but the
guidance is directed at those with more severe hyperglycemia.’ The American Diabetes
Association/European Association for the Study of Diabetes recommend that initial
combination therapy should be considered for patients with baseline HbA  =9%.%’
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The American Association of Clinical Endocrinologists/
American College of Endocrinology recommend initial dual
therapy for patients with HbA  =7.5%, and dual or triple
combination therapy for individuals with HbA  >9%, if
presenting without significant symptoms.® Nevertheless, both
treatment algorithms describe the need to individualize HbA
targets and the choice of therapies, based on each patient’s
clinical attributes and preferences.*’®

Numerous options exist for combining the various classes
of glucose-lowering agents in the treatment of T2DM. This
report examines the mechanism, rationale, and evidence from
Phase III clinical trials for combining two of the newer drug
classes in the treatment of T2DM, namely, dipeptidyl pepti-
dase-4 (DPP-4) inhibitors and sodium-glucose cotransporter 2
(SGLT2) inhibitors, and considers the possible role of such
therapy in the management of T2DM. Of note, the scope of
this review does not include examination of the sequence
in which the various classes of glucose-lowering medica-
tion are used, nor does it compare combination vs stepwise
therapy, but rather explores in detail the current evidence
and data available for the combination of SGLT2 and DPP-4
inhibitors in the treatment of T2DM.

Summary of mechanisms, efficacy,
and safety
DPP-4 inhibitors

DPP-4 inhibitors prevent the enzymatic degradation of
endogenous incretin hormones (active glucagon-like peptide
[GLP]-1 and glucose-dependent insulinotropic polypeptide
[GIP]).>! Increased plasma concentrations of GLP-1 and
GIP stimulate insulin secretion from pancreatic B-cells and
inhibit glucagon secretion from pancreatic o-cells, which
causes inhibition of endogenous glucose production and a
reduction in plasma glucose concentration.'' DPP-4 inhibitors
first gained US regulatory approval for use in T2DM in 2006,
with sitagliptin as the first-in-class.!? Other US-approved
DPP-4 inhibitors are saxagliptin, linagliptin, and alogliptin,
and four additional “gliptins” are available in other parts of
the world."”*> DPP-4 inhibitors are a heterogeneous group,
differing in their chemical structure (not shown) and phar-
macokinetic properties (Table 1).!2141 As a class, DPP-4
inhibitors have been shown to improve glycemic control
in patients with T2DM when given as monotherapy or in
combination therapy, with no increased risk of weight gain
or hypoglycemia'® (when used without insulin secretagogues
or insulin).'*'” DPP-4 inhibitor monotherapy reduced HbA
by 0.6%—0.7% when compared with placebo in randomized
controlled trials (RCTs; Table 2),** and comparable efficacy

Table | Summary of pharmacokinetic characteristics of DPP-4 inhibitors (US-approved)'?!'*!>

Alogliptin'?

25

Linagliptin'®

Saxagliptin'’
25and 5

Sitagliptin'¢
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was observed in RCTs of DPP-4 inhibitors in combination
with other glucose-lowering agents.>* DPP-4 inhibitors are
virtually weight neutral,'? and exert modest blood pressure
(BP)-lowering effects compared with placebo or nontreat-
ment (mean difference in systolic BP -3 mmHg).”> DPP-4
inhibitors are generally safe and well tolerated.?¢*” There
have been postmarketing reports of acute pancreatitis in
patients receiving DPP-4 inhibitors;?” per the labeling infor-
mation, these agents should be discontinued if pancreatitis
is suspected.'®! Postmarketing cardiovascular outcomes
trials in patients receiving saxagliptin,?® alogliptin,® and
sitagliptin®® produced conflicting results regarding the risk
of hospitalization for heart failure associated with DPP-4
inhibitors®! (cardiovascular outcomes trials for linagliptin
are currently ongoing). A recent systematic review and meta-
analysis of 43 randomized trials and 12 observational studies
of DPP-4 inhibitors concluded that the effect of these agents
on the risk of heart failure was uncertain,** and there was a
small increased risk of hospital admission for heart failure
in T2DM patients with existing cardiovascular disease or
multiple risk factors for vascular disease who were receiving
DPP-4 inhibitors, relative to no use (pooled odds ratio: 1.13;
95% confidence interval [CI] 1.00, 1.26).%> The labels for
saxagliptin'” and alogliptin'® contain warning information on
the use of these agents in patients at risk of heart failure.

SGLT?2 inhibitors

SGLT?2 inhibitors suppress renal glucose reabsorption and
promote urinary glucose excretion (UGE), which decreases
hyperglycemia.*® SGLT2 inhibitors act independently of pan-
creatic B-cell function and the degree of insulin resistance.?>3*
In 2013, canagliflozin became the first SGLT2 inhibitor to
receive US regulatory approval for use in T2DM, and was
followed by US approvals for dapagliflozin and empagliflozin
in 2014.% Canagliflozin, dapaglifiozin, and empaglifiozin
are based on a C-glucoside structure (not shown),*® and
have comparable pharmacokinetic properties in terms of
excellent oral bioavailability, a long half-life allowing once-
daily administration, and an absence of active metabolites
(Table 3).3"* However, differences are present in their
respective selectivity for SGLT2 over SGLT1,* and regard-
ing dosing recommendations for patients with T2DM and
renal impairment (Table 3).3** Data from RCTs in patients
with T2DM demonstrated that SGLT2 inhibitor monotherapy
reduced HbA, by 0.5%-1.0% compared with placebo, and
was associated with reductions in body weight of ~2 kg and
in systolic BP of 2-5 mmHg (Table 4).4° Greater reduc-
tions in HbA | (2%-3%) were reported in patients with higher

baseline levels of HbA  (ie, >10.0%) receiving SGLT2
inhibitor therapy.**° SGLT2 inhibitors have a generally
favorable safety profile.**” These agents are not associated
with an increased risk of hypoglycemia, unless combined
with insulin secretagogues or insulin.**#” However, SGLT2
inhibitors are associated with an increased risk of genital
mycotic infections® > and urinary tract infection (UTI).3">43¢
Furthermore, the UGE-associated osmotic diuresis observed
with SGLT?2 inhibitors could potentially increase the risk of
volume depletion events (eg, hypotension) in susceptible
patients.*'* More recently, postmarketing cases of urosepsis
and pyelonephritis, and diabetic ketoacidosis (DKA) associ-
ated with SGLT2 inhibitor therapy have been reported.>” Some
cases of DKA in T2DM patients were euglycemic.*® ¢° Other
cases of DKA were associated with off-label use of SGLT2
inhibitors in patients with type 1 diabetes mellitus.’%¢"¢2
SGLT?2 inhibitor clinical trials reported low frequencies of
DKA in T2DM: canagliflozin events by treatment group were
0.07% (4/5,337), 0.11% (6/5,350), and 0.03% (2/6,909) for
100 mg, 300 mg, and comparator, respectively;®* dapagli-
flozin events were <0.1% in >18,000 patients (no further
details stated);** and DKA events with empagliflozin by
treatment group were 2 events for 10 mg and 1 event for
25 mg, vs 5 events for placebo (N>13,000 T2DM patients;
treatment group sizes not stated).** It has been postulated
that euglycemic DKA associated with SGLT?2 inhibitor use
in T2DM may result from reduced plasma glucose concen-
trations caused by SGLT2 inhibitor-induced UGE, which
predisposes to increased ketogenesis.*

Clinical evidence for combinations
of DPP-4 inhibitors and SGLT?2

inhibitors

Two combination formulations of DPP-4 inhibitors and
SGLT2 inhibitors are currently approved in the treatment
of T2DM: fixed-dose formulations of dapaglifiozin plus
saxagliptin (approved by the European Medicines Agency
[EMA] in July 2016), and empaglifiozin plus linagliptin
(approved by US Food and Drug Administration in January
2015, and by EMA in November 2016). Historical rationale
and clinical evidence of the combination of the two classes
are now reviewed.

Early drug—drug interaction studies between SGLT2
inhibitors and other glucose-lowering agents, including
the DPP-4 inhibitors sitagliptin and linagliptin, did not
demonstrate any significant changes in exposure following
coadministration, thus indicating that DPP-4 inhibitors and
SGLT2 inhibitors could be coadministered without the
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need for dose adjustments and without any significant drug
interaction.%>¢” Clinical data from RCTs using DPP-4 inhibi-
tor plus SGLT2 inhibitor combination therapy in patients
with T2DM by background therapy and treatment sequence
are shown in Table 5°7 and are discussed below. Studies
for inclusion were selected on the basis of being Phase III
RCTs of at least 24 weeks’ duration; post hoc analyses were
excluded.

In a 24-week, randomized, placebo-controlled study
(N=432) of dapagliflozin (10 mg/day) or placebo added
to sitagliptin (100 mg/day), given with/without metformin
(=1,500 mg/day),*® dapagliflozin significantly reduced mean
HbA  vs placebo (placebo-corrected change from base-
line to week 24: —0.5%; 95% CI —0.6, —0.3; P<<0.0001).
The HbA  reduction was greater in patients with baseline
levels =8% (placebo-corrected change from baseline to
week 24: —0.8%; 95% CI—1.1,-0.6; P<<0.0001).%® A similar
trend was observed for dapaglifiozin vs placebo, respectively,
for fasting plasma glucose (FPG) (—24.1 vs +3.8 mg/dL) and
body weight (-2.1 vs —0.3 kg); however, changes in systolic
BP were not significantly different between groups (—6.0
vs —5.1 mmHg).®® Adverse events were balanced between
groups and discontinuation rates were low.® A similar
number of patients in both groups reported hypoglycemic
events at week 24 (dapaglifiozin: 6/225, 2.7%; placebo 4/226,
1.8%), and none of these events led to treatment discontinu-
ation.®® At week 24, the rate of UTI was balanced between
groups (~4%—5%), but genital infection was more common
with dapagliflozin vs placebo (8.4% vs 0.4%, respectively),
and one patient (dapagliflozin group) discontinued treat-
ment due to vulvovaginal mycotic infection.®® Both UTI and
genital infection events occurred more frequently in female
patients. Volume depletion events were reported for the
24-week extension period (ie, at week 48), and occurred in
low numbers in both treatment groups (dapagliflozin: 3/225,
1.3%; placebo 2/226, 0.9%).5¢

In arandomized, placebo-controlled study where dapagli-
flozin (10 mg/day) was added to saxagliptin (5 mg/day) — that
is, as dual add-on therapy vs each agent administered
alone (N=534), all on a background of metformin therapy
(extended-release formulation, 1,500-2,000 mg/day), patients
receiving dapaglifiozin plus saxagliptin demonstrated greater
improvements in glycemic control (ie, HbA, and FPG) at
week 24 than those receiving either dapagliflozin or saxa-
gliptin (Table 5).% Furthermore, 41% of patients achieved
HbA  <7% with dapagliflozin plus saxagliptin vs 18%
and 22% with saxagliptin or dapagliflozin, respectively.®
As noted in a separate report of these study data by

Abdul-Ghani,® when patients were stratified by their
baseline HbA  , for the subgroup of patients with baseline
HbA, =9% (n=190; mean HbA  ~10%), the mean change
in HbA  _ was similar for the dapagliflozin plus saxagliptin
group and the dapaglifiozin group (-2.03% and —1.87%,
respectively), whereas the contribution of saxagliptin was
lower (—1.32%).% In addition, higher baseline HbA | levels
were associated with proportionally larger changes in HbA |
following dapagliflozin therapy (eg, increasing baseline
mean HbA  from ~7.5% to ~10% was associated with the
following changes in HbA | _at treatment end: dapagliflozin
group, —0.45% vs —1.87% [greater than fourfold change];
dapagliflozin plus saxagliptin group, —0.80% vs —2.03%
[greater than twofold change]; saxagliptin group, —0.69%
vs —1.32% [less than twofold change]).>® Mean reductions
in systolic BP and body weight only occurred in the dapa-
gliflozin plus saxagliptin group and the dapagliflozin group
(systolic BP: reductions of 1.9 and 3.5 mmHg, respectively;
and body weight: reductions of 2.1 and 2.4 kg, respectively),
with no reduction in either parameter in the saxagliptin
group.® Thus, an SGLT2 inhibitor given as an add-on to
metformin or in combination with saxagliptin plus metformin
appears to contribute to both body weight and BP-lowering
potential. The proportion of adverse events was similar across
treatment groups. Hypoglycemia events occurred in 1% of
each group, and there were no major hypoglycemic events.®
UTI occurred in =1% of patients receiving dapagliflozin
plus saxagliptin vs in 5% of patients receiving dapagliflozin
or saxagliptin. However, genital infection events were more
common in the dapagliflozin group (6%) vs the saxagliptin
group (0.6%) and, interestingly, were not reported in the
dapagliflozin plus saxagliptin group (0%).%

Two further RCTs investigated the triple combination
therapy of dapagliflozin plus saxagliptin plus metformin.
In the first study, patients (N=320) received open-label
treatment with saxagliptin (5 mg/day) and metformin
(immediate-release formulation, =1,500 mg/day) for
16 weeks before being randomized to a 24-week, double-
blind treatment period and receive additional treatment
with dapagliflozin (10 mg/day) or placebo.” The second
study (N=315) followed a similar design and drug dosing,
but with saxagliptin (or placebo) added to dapaglifiozin
and metformin.”" The results from both studies showed a
comparable trend to those reported above in the dual add-on
study, with greater reductions in HbA | and FPG at week 24
occurring in patients receiving dapagliflozin plus saxagliptin
plus metformin (Table 5).7%7! Adverse events occurred with a
similar frequency across the treatment groups in both studies,

Drug Design, Development and Therapy 2017:1 |

submit your manuscript

929

Dove


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

Dove

Yassin and Aroda

0 ey ol wi (VAON ¥0— 80~ 65— L9°0- SVNIT €€l
0 9L (g9 (0e) ¥ T €T 66T~ €80~ 0l VdW3 Tl
0 Fr) 9 ol (£0)1 't 1"t YUy S6°0- STVdWI €€
(tard Xy 6Dy (st 0 I'- LT 178 YCI=  SVYNI/OI VdW3 S€I $PIM 7§
(o)1 (69)8  (s21) LI 0 ST 0T SS6T— 80'I— S VNITSTVdAWI ¥EI Aep/3wi § NI uoneInp
»,UonBUIqUIOD SAlRU + Aep/3w g7 Apnis {)PaM T
(@sM)  (HTIM)  (PTRRM)  (FT1RIAN) I1id-2j3uig -Jusunesd | 40 0 VdW3 e 39 UM
13W+01 vdva
0 0 (9 s (€ne (onoqe sy) €50~ 6- 150~ +SVXVS €51
swJe juswijeadl A:O_mcmuxw
yaoq ui agueyd SoaM-8T +)
BHww | > 13W +01 vdva pouiad
Tt (SO ¥ (€9 (SO ¥  separiodey 150~ 5 910- +04d 09I 13W +Aep/Bw g 3udunEa.n pulq
puoneUIqUOd Aep/3w 005‘| = VdVvQ ©3 Uo-ppe  -3|qnop >9M-T
J1d-as00 NBEIN Aep/Bw G wXVS  |,[B 39 IoryNEl
13N+ § VXVS + (uoisuzaxe
paiiodal 10N (098 (098 (ene 61— 61— €e— 780~ 0l vdva 091 239M-8T +)
13W + § YXVS potsad
paiiodal J0N (90 1 (€9) 01 0 0T i S— 010— +08d 091 13W +Aep/Bw g Jusunea.n pullq
puoneUIqUOD Aep/3w 05| = VXYVS 03 UO-ppe  -3|qnop >99M-T
|Iid-2s007 Ml 13W AepBW Q]| Vdva o[BI nalypel
patioda. 10N (9 o1 (G e SE- ri- 43 01—  13W+0I vdva 6/l
paiiodau 10N (CXON (X3 Nz €0 0 vl- 880~ LIW+ S VXVS 9ZI poltad
13W+ 01 vdva 13w Jusunea.n pulq
paiiodau 10N 0 (90 1 (k4 61— 1't- 8¢~ b= +SVXVS 6/l O3 UO-ppe [enp se  -3|qNOP >PaM-{T
pUOIRUIGUIOD AepBw 005‘1=  Aep/Bw § YXVS + PR
J1d-as007 X 13 Aep/3w 0] vdvda Pl NIENN]
(8 (6%) 001 VLIS
(1) stee STU6l STUIL I (20 stz9 09— 1"t 17— 50— +01 Vdva €2
(#0) (ov) (uoisuaixa
(6:0) 9TT/T 92T/ 926 (8'1) 9z I'S— €0~ 8'€ 0 001 VLIS +09d #TT JPIM-HT +)
(s>]oom g 1e poliad
rlwajoAodAy o AepBw 00S‘] = 13 FAep/Sw gg|  3Iusuneasy puiq
uoneipAyap Jo (74 EET puoneuiquod 13N VLIS O3 Uo-ppe  -3|qNOPp M- T
uoisus10dAH) SA 8 )99AN) Jid-aso0n (anoyum/yapn)  Aepj3w 0] vdva g9l® 30 anoqqe(
(%) u
(%) u ‘syuans (%) u ‘uondayul
uoys|dap ‘uoidayul e (%) u BHww) (34) 3ydem  ,(p/Bw) (%) (swo33n0
awnpA  [euen  Areunn  ‘enwadfSodAy dgas Apog 9dd ’'vaH (Aep/Swi) Aaewiad)
(3uaAd 3saaApe 3saajul [erdads asop Adeaayy uone.inp
® Y3Im sauaned jo a8ejuadaad) suayaweded Lysjeg q(duipeseq wouy adueyd) sieysweaed A>ediyg puejuswnead] N Ppunoudyoeg Luoneuiquiod ‘Apmg

$J021qIYul 717DS Y3IM UONBUIQWOD U SI0qIYUl -dd Sulsn (s)aam =) S[eln [ediul]d ||| aseyd paysijqnd wo.y e1ep A1ajes pue Adediye jo AJewwng § ajqe|

Drug Design, Development and Therapy 2017:1 |

submit your manuscript

930

Dove


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

SGLT2 inhibitors/DPP-4 inhibitors in T2DM

Dove

‘(uone|NW.Io)) 3sE3RJ PAPUIXD “YX ‘T J9140dsue.a1od asodn|S-wnipos ‘7] 719S ‘undySens ‘v] |S aanssaad poojq 1jo1sAs ‘4gs ‘undijSexes ‘yx s ‘0qadeld ‘Ogd ‘@sop paie.ajor

wnwixew ‘q] | utwdopaw ‘| 1 undiSeur) ‘YN[ {(uonenwioy) asesjau aieipawwi ‘Y| ‘uiqojSoway paiedA|s ©'yqH ‘esoonS ewsed Sunsey ‘D44 ‘uizoBedwa ‘ydiW3 p-osepndad [Apndadip ‘b-d4dq ‘uizopSedep ‘ydyQ :suoneiALaqqy

“(4onqyur

71198 pue Jouqiyul p-ddq Sutureauod |jid sj3uis ‘a1) w.ioy o8esop 9|3uls & ul syuse SAINDE 9yl Y3oq SUIUIEIUOD UOHEINW.IO) 9SOP-Paxy) & 03 suajad ||id 9j3uls seausym ‘(Joaiqiyul 7] 1DS pue Jouqiyul p-ddd 4oy sjjid reedss ‘a1) 3uase aAnde
yoes Jo surioj a3esop ae.edas 01 su9jaul ||1Id 95007, “(9NfeA Tp/Bw = 78| 0'8| X PN[BA /|OWW) PAIEIS SIAYM TP/SW O3 J/|OWIL WO} PIISAUOD SHUM, "PIuasa.d eIep uesw paisnipe Jo ‘ueaw aJtenbs Ises| ‘ueaw ul 98ueYD pa3EIS SIMIBYIO

S$S9UN ‘(S)WL.Ie pul|q-9|qNOP PSZIWOPUE. 33 o) uonedijqnd yoes ul patoda. se pasussaud a.ue eae(, "9|qe|ieAe J0u a4am Adeaays uoneuiquiod uizopySeued snid JoaqIyul H-dd( -0} BIBP S[ELA [ED]

1] @seyd jo sosAjeue payidadsaly. :S9ION

paiiodau JoN

paiiodau 10N

paliodau 10N

paiiodau 10N

paiiodau 10N

paiiodau 10N
patiodau 10N

((¥3X%
(£70) 1
wne
(snNe

(£70) 1

(VAR

(08) 6

0 ¢

(1e) ¥

(Sp) s

(81Nt
(81t

(€0 ¢
62 11
(s'8) 71

(69) 8

(To ¢

Ge1) s

(08) 6

(5'6) 21

(8'2) 0l

(99 ¥

((WAK:]
(€28

(Ts1) ot
@19l
(s€1) 61
(96) €1

@ol) ¥1

(L9 ¢

(VAaX>

(60) 1

(€0 ¢
wne
(se)s
(T ¢

(9¢) s

o—

9=

0l

€y
0e-

L=

€0
9e-
8¢~
8¢~
9'e-

(29122 M)

o—

€0-

0-

80—

ST
'€=

€0-

£0-
ST
e
9
0e-

(2N

9CI—
9
(VA
9t

(pa149AU0D
Od4)

yee-
0Lt~

v's
(po349AuOD
Odd)

'€=
80T~
881—
[ara
£9E-

(2@ IV

85°0—

01'o—

€9°0—

1T0-

95°0—
99°0—

¥1'0

0£0—
99°0—
90—
80°I—
61—

(Z& IV

13N+

ST VdIW3/S VNIT
13N+

ST VdW3 + 0gd
13N+

01 VdIW3/S VNI
13N+

0l VdW3 + Ogd
vco_umr__n_EOU
|nd-aj3uis

13N+
S VNIT/ST VdI3
1IN+
S VNIT/0I VdIW3

13W + VNIT+ Odd

puoneUIqWOd
[IIEESTEN

13W + 9 VNI
13W + 01 VdIW3
13W + ST VdIW3
1IN+

S VNIT/0l VdIW3
13N+

S VYNIT/ST VdW3
puoneUIqUOod
Iiid-2j3u1g

01l

oll

(44|

Scl

01l

601
801

8¢l
LE]
(4
SEl

vl

129 |ed0| Jad
9SOp winwixew
Jo ‘QliN ‘Aep
B 00§‘1=

Al LIW

12qe| [ed0] Jad
9SOp WNWiIXew
Jo ‘QLIN ‘Aep
/3w 0051 =

dl 13IW

12qe| [ed0| Jad
9SOp WNWIXew
J0 ‘QLIN ‘Aep
/3w 0051 =

dl 13IW

1AW+
Aep/Bwi g7 40 0
VdIW3 03 uo-ppe

Aep/3wi § NI

1IN+
Aep/3w ¢ YN[ 02
uo-ppe (Aep/3w g7

40 01) VdW3

13 ©2

uo-ppe se Aep/3w g
VNI + Aep3w g7
40 0| VdiW3a

SPIM $T
«,|® 39 sauoyeul )

SHPIM T
4.8 39 puBPYyes

$99M 7§

uopeanp
Apnas ‘syeaMm $7
¢,[e 39 ozuou4aQq

931

submit your manuscript

Drug Design, Development and Therapy 2017:1 |

Dove


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

Yassin and Aroda

Dove

and the overall risk of hypoglycemia was low (0%—2.5%).7"!
In the add-on to saxagliptin and metformin study, genital
infections occurred in 5.0% of patients receiving dapagli-
flozin vs 0.6% of those receiving placebo,” whereas in the
add-on to dapagliflozin and metformin study, the proportions
were 0% for saxagliptin vs 2.5% for placebo.”

An RCT evaluated single-pill combinations (ie, fixed
doses) of empagliflozin plus linagliptin over 52 weeks,
with data reported for treatment-naive patients,” and for
those inadequately controlled on metformin.” Treatment-
naive patients (N=667) were randomized into five treatment
groups (where all study drugs were taken once daily in the
morning): empagliflozin 25 mg/linagliptin 5 mg, empagli-
flozin 10 mg/linagliptin 5 mg, empagliflozin 25 or 10 mg,
and linagliptin 5 mg.”” The adjusted mean change from
baseline in HbA  at week 24 was significantly greater
for empagliflozin 25 mg/linagliptin 5 mg compared with
linagliptin 5 mg (—0.41%; 95% CI -0.61, —0.22; P<<0.001)
but not compared with empagliflozin 25 mg (-0.14%;
95% CI —0.33, 0.06; P=0.179), and was also significantly
greater for empagliflozin 10 mg/linagliptin 5 mg than for
either drug individually (-0.41%; 95% CI -0.61, —0.21;
and —0.57%; 95% CI —0.76, —0.37 for empagliflozin 10 mg/
linagliptin 5 mg vs empagliflozin 10 mg and linagliptin 5 mg,
respectively; P<<0.001 for each).” Reductions in HbA  with
the two empagliflozin/linagliptin single-pill combinations
were sustained at week 52.7 Reductions from baseline in
FPG concentrations at week 24 were significantly greater
for the empagliflozin/linagliptin single-pill combination
therapies vs linagliptin monotherapy, but not vs empaglifiozin
monotherapy.’? A similar trend was reported for reductions
in body weight from baseline to week 24.” The overall
proportion and intensity of adverse events were similar for
all treatment groups.” No confirmed hypoglycemic adverse
events were reported in the two empagliflozin/linagliptin
single-pill combination groups; however, hypoglycemia was
reported in one subject in each of the empagliflozin 25-mg
and linagliptin 5-mg groups, and in four subjects in the
empagliflozin 10-mg group.”” UTI events were reported in
12.5%—15.4% of patients receiving empagliflozin/linagliptin
single-pill combinations, in 10.4%—16.3% of patients receiv-
ing empagliflozin monotherapy, and in 10.4% of patients
receiving linagliptin monotherapy, with a greater propor-
tion occurring in female vs male patients in all treatment
groups; only one patient reported an event that was severe
in intensity (empagliflozin 25-mg group) but this did not
lead to discontinuation of the study drug.”” Genital infection
events were reported in 2.9%—5.9% of patients overall, and

were reported more frequently in female than male patients
in all groups except the empagliflozin 25-mg group; however,
none of these events was reported to be severe, although two
subjects (n=1, empagliflozin 25 mg/linagliptin 5 mg; n=1,
empagliflozin 10 mg) discontinued study drug as a result of
these events.”

Patients inadequately controlled on metformin (=1,500
mg/day, maximum tolerated dose, or maximum dose per
local label; N=674) were also randomized into the five
treatment groups described above.” At week 24, HbA
levels were reduced from baseline values to a greater extent
with both empagliflozin/linagliptin single-pill combina-
tion therapies than with either component alone (—0.58%;
95% CI —0.75, —0.41 for empagliflozin 25 mg/linagliptin
5 mg vs empagliflozin 25 mg; —0.50%; 95% CI -0.67,—-0.32
for empagliflozin 25 mg/linagliptin 5 mg vs linagliptin
5 mg; —0.42%; 95% CI —0.59, —0.25 for empagliflozin
10 mg/linagliptin 5 mg vs empagliflozin 10 mg; —0.39%;
95% CI —0.56, —0.21 for empagliflozin 10 mg/linagliptin
5 mg vs linagliptin 5 mg; P<<0.001 for each).” A similar trend
occurred for FPG concentrations.” The significant reduc-
tions in HbA  from baseline were maintained at 52 weeks
with both empagliflozin/linagliptin single-pill combinations
vs the individual components.” Reductions in body weight
from baseline to week 24 were significantly greater for both
empagliflozin/linagliptin single-pill combinations compared
with linagliptin alone, but not compared with empagliflozin
alone,” as was observed in the previous study.”” Similarly,
the overall proportion and intensity of adverse events were
similar for all treatment groups. Confirmed hypoglycemia
event rates were low (1.4%—3.6%); no patients discontinued
treatment due to hypoglycemia.” UTI events were reported in
9.6%—10.2% of patients receiving empagliflozin/linagliptin
single-pill combinations, in 11.4%—13.5% of patients receiv-
ing empagliflozin monotherapy, and in 15.2% of patients
receiving linagliptin monotherapy, with a greater proportion
of cases reported in female patients in all treatment groups.
Most UTI events were mild or moderate in intensity, and
only one patient discontinued study drug (empagliflozin
10 mg) due to UTL.” Genital infection events were reported
in 2.2%-8.5% of patients overall, and were more frequent
among female patients in three of the treatment groups
(not in empagliflozin 25 mg/linagliptin 5 mg, or linagliptin
5-mg groups).” Two patients (empagliflozin 25-mg group)
discontinued due to genital infection events.” In addition,
no patients experienced worsening of heart failure or were
hospitalized for heart failure in either of these empagliflozin/
linagliptin single-pill combination study populations.”7”
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Results from two additional 24-week RCTs to investigate
combination therapy with empagliflozin plus linagliptin
were published recently; empagliflozin (10 or 25 mg/day)
and linagliptin (5 mg/day) combinations were administered
as single-pill formulations in both studies.”’ One study
(N=333) evaluated empagliflozin vs placebo as add-on
therapy to linagliptin and metformin,” and the second
study (N=709) evaluated linagliptin vs placebo as add-on
therapy to empagliflozin and metformin.”” Empagliflozin/
linagliptin combination therapy (plus metformin) produced
greater reductions in HbA  and FPG from baseline than
that observed with either linagliptin plus placebo (plus met-
formin) or empagliflozin plus placebo (plus metformin).’”
Adverse events were more common in the placebo groups
in both studies, and the incidence of confirmed hypoglyce-
mic adverse events was low in both studies and across all
treatment groups (0%-2.7%).7*7 In the empagliflozin as
add-on study, the incidence of events consistent with genital
infection was low in all treatment groups, but was higher in
patients treated with combination therapy containing empa-
gliflozin 25 mg than in those treated with either combination
therapy containing empagliflozin 10 mg or placebo (4.5% vs
1.8% and 1.8%, respectively).” In the linagliptin as add-on
study, events consistent with genital infection were reported
in more patients receiving empagliflozin plus placebo (plus
metformin) than those receiving combination therapy (plus
metformin); 8.0% and 3.1% for empagliflozin 25 and 10 mg,
respectively, plus placebo, vs 2.7% and 2.4% for combination
therapy with empagliflozin 25 and 10 mg, respectively.”

Discussion

T2DM is a multifactorial, multiorgan, and progressive
disease, during which glucose control worsens due to the
deterioration of pancreatic B-cell function and increasing
insulin resistance.! In practice, this inevitably requires the
intensification of glucose-lowering drug therapy and the use
of dual or even triple therapy in the effort to achieve and
maintain glucose control,’® per current diabetes management
recommendations.”® However, many patients with T2DM
failing to achieve their glucose targets do not receive intensifi-
cation of glucose-lowering therapy in a timely manner,”” with
delays of ~1-3 years reported for patients with HbA| . =7% to
receive additional glucose-lowering medication.”®” A recent
retrospective cohort study based on patients with T2DM from
the UK (N=105,477) reported that 22% of newly diagnosed
patients had poor glucose control over 2 years and 26% did
not receive treatment intensification.®® This study further
concluded that delaying treatment intensification by 1 year in

conjunction with poor glucose control significantly increased
the risk of cardiovascular events.®

Clinical inertia, defined as the failure to initiate or inten-
sify treatment in a timely manner to address a progressing
medical condition,®! is common in management of T2DM,
and is evident by the fact that treatment targets from diabetes
guidelines and those attained in reality often differ, such
that failure to achieve targets occurs in a large proportion of
adults with diabetes.*®! Deficiencies in communication and
engagement between physicians and patients on goals and
treatment approaches for diabetes appear to be a key issue,?!
and recommendations for improvement include treating
patients as active partners, establishing realistic and shared
treatment goals, individualizing all aspects of diabetes care,
and focusing on good management early in the disease to
optimize patient quality of life.!

There are many choices for therapy in patients with
T2DM requiring treatment intensification, with the rationale,
mechanism, and clinical data on combination therapy with
DPP-4 inhibitors and SGLT?2 inhibitors being explored in
depth in this review. Each choice in the treatment of T2DM
carries its own merits and clinical considerations. Clinical
considerations that may support the use of combination
therapy include the potential for enhancing treatment adher-
ence and the concept of simultaneously addressing several
pathophysiologic defects in T2DM. The use of combination
drug therapy may improve patient adherence to treatment
by facilitating the use of less complex treatment regimens
with fewer pills, particularly if single-pill (ie, fixed-dose)
combination formulations are used.®? Frequency and timing
of dosing can also affect adherence, and once-daily dosing
is associated with higher adherence rates.® Also, by facilitat-
ing the use of submaximal doses of each agent, combination
therapy may result in fewer side effects,' which may further
improve adherence to treatment by the patient.®

When combination therapy is used for patients with
T2DM, the selection of glucose-lowering agents with
complementary modes of action may help to protect pancre-
atic B-cell function and thereby preserve glucose control.!?
As SGLT?2 inhibitors have a unique mechanism of action,
and are not dependent on insulin or the degree of insulin
resistance, they could be given with any class of glucose-
lowering agent, including DPP-4 inhibitors, and at any stage
of disease progression in T2DM,*** provided the patient
has adequate renal function. The other main consideration
for any combination drug therapy is to avoid the poten-
tial accumulation of adverse effects from the component
drugs.’ Medication-related body weight gain and increased
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risk of hypoglycemia are particularly important to patients
with T2DM,*# and may affect subsequent adherence to
treatment.®> DPP-4 inhibitors are body weight neutral,'?
whereas SGLT?2 inhibitors produce small reductions in body
weight,” 7 and neither of these drug classes is associated
with a significantly increased risk of hypoglycemia (unless
coadministered with insulin secretagogues, eg, sulfonylureas
or insulin).'>*" Therefore, as DPP-4 inhibitors and SGLT2
inhibitors have distinct and compatible mechanisms of action,
their use as a combination therapy would appear to be a bal-
anced option, providing efficacy with an acceptable safety
and tolerability profile.

Although commentators have discussed the potential
for additive efficacy in combination therapies, clinical trials
data have not currently demonstrated synergistic effects in
lowering plasma glucose or HbA  when DPP-4 inhibitors
were combined with SGLT2 inhibitors®®-">73 (and Table 5).
This is not surprising since it had been postulated that the
stimulation of endogenous glucose production observed with
SGLT?2 inhibitors®** may be too strong to be prevented by
DPP-4 inhibitors, which reduce plasma glucose primarily by
suppressing glucagon secretion and inhibiting production of
endogenous glucose;!! thus, reducing the latter’s glucose-
lowering ability,** although further studies are required to
confirm this.® However, it should be noted that combination
therapy is not necessarily about achieving additive efficacy,
rather it may address the incremental benefits of combining
different drug classes. There are also potentially beneficial
effects beyond glucose lowering to consider. For example,
improvements in albuminuria have been observed with both
DPP-4 inhibitors and SGLT2 inhibitors, and combination
therapy may offer a therapeutic option for patients with
chronic kidney disease.®® The lack of increase in body weight
associated with DPP-4 inhibitors, or the modest reduction in
body weight associated with SGLT2 inhibitors may make
combination therapy with these agents suitable for patients
who are overweight or obese. Similarly, the BP-lowering
effect of the SGLT2 inhibitor component may be useful
in patients with hypertension. Also, following the publica-
tion of data from the landmark EMPA-REG OUTCOME
trial, which showed that patients with T2DM and at high
risk of cardiovascular disease who received empagliflozin
(in addition to standard of care), as compared with placebo,
had a lower rate of cardiovascular mortality and all-cause
mortality, and a reduced rate of hospitalization for heart
failure,* SGLT2 inhibitors are likely to be studied in more
combinations and in earlier stages of T2DM.

Finally, the limitations of this report must be considered.
No systematic review or meta-analysis was conducted, and
only data from RCTs were included; however, observational
(real world) data on this topic are not yet available. Further-
more, as stated above, the sequence of glucose-lowering med-
ication used in combination therapy was neither discussed,
nor was there any comparison of the efficacy and safety of
combination vs stepwise therapy. These issues might be
topics for future studies, together with investigation of cost
issues relating to combination therapy.

Conclusion

With an overall favorable efficacy and safety profile, combi-
nation therapy with DPP-4 inhibitors and SGLT?2 inhibitors
has the potential to play an important role in the management
of patients with T2DM. The tolerability of this combination,
in particular the absence of body weight gain and the low
risk of hypoglycemia, may add to its potential viability as an
option for early treatment intensification in T2DM.
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