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Abstract: Controversy exists regarding the selection of second-line therapy for patients with
type 2 diabetes mellitus (T2DM) who are unable to achieve glycemic control with metformin
therapy alone. Newer pharmacologic treatments for T2DM include glucagon-like peptide-1
receptor agonists and sodium—glucose cotransporter 2 inhibitors. Both the classes of medica-
tion are efficacious, exhibit positive effects on weight, and are associated with minimal risk of
hypoglycemia. The purpose of this review is to compare the clinical trial and real-world effec-
tiveness data of glucagon-like peptide-1 receptor agonists versus sodium—glucose cotransporter
2 inhibitors related to Alc reduction, weight loss, cost-effectiveness, cardiovascular outcomes,
and safety in patients with T2DM. This review summarizes comparative evidence for providers
who are determining which of the two classes may be the most appropriate for a specific patient.
Keywords: type 2 diabetes mellitus, GLP-1 receptor agonist, SGLT2 inhibitor, Alc, weight
loss, adverse effect

Introduction

It is estimated that one in three people in the US will develop type 2 diabetes mellitus
(T2DM) in their lifetime.! T2DM is a progressive disorder characterized by insulin
resistance and a progressive insulin secretory defect.? Diabetes is the seventh leading
cause of death in the US and associated with severe microvascular and macrovascular
complications.! Glycemic control reduces the risk for diabetes-related morbidity and
mortality.? In order to control glucose levels as the disease progresses, patients require
lifestyle changes, dietary modifications, exercise, weight loss, and pharmacologic
treatment, often with multiple classes of diabetes medications.?

Metformin (MET) is recommended as the first-line treatment for patients with
T2DM due to well-established efficacy, safety, low cost, and data demonstrating a
reduction in risk of cardiovascular (CV) events.? However, controversy exists regarding
the selection of second-line treatment in patients optimized on MET but not achieving
glycemic targets, with contraindications to use of MET, or unable to tolerate MET.>?
Pharmacologic options for the treatment of T2DM have expanded over the last
decade. Second-line treatments include basal insulin, dipeptidyl peptidase-4 inhibitors,
glucagon-like peptide-1 receptor agonists (GLP-1RA), sodium—glucose cotransporter
2 inhibitors (SGLT2-I), sulfonylureas (SU), or thiazolidinediones (TZD).?

The American Diabetes Association 2016 guideline details a number of second-line
options for use following MET and does not give preference to one drug class over the
other.2 The American Association of Clinical Endocrinologists and American College
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of Endocrinology 2015 guideline does, however, give prefer-
ence to GLP-1RA and SGLT2-I over older medication classes
including SU and TZD.? Both the American Diabetes Associa-
tion and the American Association of Clinical Endocrinolo-
gists and American College of Endocrinology recommend
that a patient-centered approach should guide the selection of
pharmacologic agents.>* Considerations may include efficacy,
cost, potential adverse effects, weight consideration, comorbid
medication conditions, risk of hypoglycemia, and patient
preferences.? Two newer pharmacologic classes, GLP-1RA
and SGLT2-1, in particular show promise as second-line treat-
ment options given their favorable effects on weight and low
potential for hypoglycemia. No head-to-head trials comparing
agents in these two classes are currently available to guide
decision-making. The purpose of this review is to compare the
clinical trial and real-world effectiveness data of second-line
therapy with SGLT2-I and GLP-1RA related to Alc reduc-
tion, weight loss, cost-effectiveness, and safety in patients
with T2DM. Thus, this review will summarize comparative
evidence for providers who are considering which of the two
classes might be the most appropriate for a specific patient.

Methods

A Medline search was performed in August 2015 to identify
clinical trials and observational studies related to SGLT2-1
and GLP-1RA for the treatment of T2DM. Articles included
data from human studies published within the past 10 years
evaluating Alc, weight, or CV outcomes, and/or reporting
adverse drug event (ADE) data versus placebo or versus other
classes of interest. MeSH terms searched included SGLT2
or sodium glucose transport proteins, GLP-1 or glucagon-
like peptides, and T2DM. Included articles were limited to
evaluations of GLP-1RA or SGLT2-I versus placebo, with
or without background MET therapy. In the case of articles
containing multiple arms including comparisons to other
treatments for T2DM, only the arm meeting inclusion crite-
ria is presented due to the scope of this review. Articles on
GLP-1RA or SGLT2-I used in combination with therapies
other than MET were excluded. Articles evaluating liraglu-
tide (Saxenda), which is US Food and Drug Administration
(FDA) approved for weight management in individuals with
or without diabetes, were also excluded.

Results

As described in Figures 1 and 2, a total of 2,232 articles were
found in an initial Medline search, of which 846 articles
were regarding GLP-1RA and 1,386 articles were related to

Database search Records added
(n=846) (n=4)

4

Duplicates
removed
(n=465)
| Abstracts removed from analysis
Abstracts (n=349)
screened for || - Not related to GLP-1RA of interest
inclusion - GLP-1RA added to therapy other
(n=385) than metformin
- Comparison group not of interest
Y
Trials RCTs analyzed
included for efficacy
(n=36) (n=5)

Articles analyzed
for clinical effects
(n=31)

Figurel Flow diagram of GLP-1 study selection.
Abbreviations: GLP-1RA, glucagon-like peptide-| receptor agonists; RCT,
randomized controlled trial; GLP-1, glucagon-like peptide-1.
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Figure 2 Flow diagram of SGLT?2-I study selection.
Abbreviations: SGLT2-l, sodium—glucose cotransporter 2 inhibitors; RCT,
randomized controlled trial;

submit your manuscript

240

Dove

Vascular Health and Risk Management 2016:12


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

Dove

Second-line therapy in type 2 diabetes

Table I Mean Alc reduction in clinical studies of GLP-1RA

Study Duration Baseline Treatment Mean change in Alc (%)
(weeks) Alc (%)

Nauck et al?! 26 8.4 LIRA 1.8 mg + MET -1.010.1°
LIRA 1.2 mg + MET -1.010.1°
LIRA 0.6 mg + MET -0.710.1*
Placebo + MET +0.0110.1

Vilsboll et al”' 14 83 LIRA 1.9 mg —1.45
LIRA 1.25 mg -1.40
LIRA 0.65 mg -0.98:
Placebo +0.29

Rosenstock et al*® 16 8.0 ALBI 30 mg weekly -0.87°
ALBI 50 mg biweekly -0.79°
ALBI 100 mg monthly -0.87°
Placebo -0.17

Grunberger et al® 2 7.7 DULA 1.5 mg weekly —-1.0£0.12
DULA 1.0 mg weekly —-1.010.1°
DULA 0.5 mg weekly —0.940.1°
Placebo 0.0£0.1

Bolli et al® 24 8.0 LIXI one-step dose increase (10, 20 mg) + MET —-0.940.1¢
LIXI two-step dose increase (10, 15, 20 mg) + MET —0.840.1¢
Placebo + MET —0.410.1

Notes: P<0.001 vs placebo; ®P<0.003 vs placebo; P<0.0001 vs placebo.

Abbreviations: ALBI, albiglutide; DULA, dulaglutide; EXEN, exenatide; GLP-1RA, glucagon-like peptide-| receptor agonists; LIRA, liraglutide; LIXI, lixisenatide; MET,

metformin.

SGLT2-I. Duplicate articles were removed and the remaining
articles were screened for outcomes for comparisons of inter-
est. Following our initial search, we identified five additional
articles which met our inclusion criteria, bringing the total
to 46 studies which were included in this review. Articles
were reviewed for efficacy at reducing Alc (Tables 1 and 2)
or for other clinical effects including effect on weight, blood
pressure (BP), or other drug-related outcomes.

GLP-I receptor agonists

GLP-1RA, or incretin mimetics, activate GLP-1 receptors,
causing a glucose-dependent increase in insulin with a
decrease in glucagon secretion while increasing satiety
and slowing gastric emptying.* GLP-1RA are injected
subcutaneously twice daily, daily, or weekly depending on
the formulation. The US FDA approved the first GLP-1RA
exenatide (Byetta) for the treatment of T2DM in 2005.
Other GLP-1RA approved by the US FDA for the treatment
of T2DM include liraglutide (Victoza, 2010), exenatide
extended-release (Bydureon, 2012), albiglutide (Tanzeum,
2014), and dulaglutide (Trulicity, 2014).>® Lixisenatide
(Lyxumia) is not available in the US, but was approved in the
European Union in 2013.° Liraglutide (Saxenda) at a higher
dose was also approved by the US FDA in 2014 for weight
management in certain obese or overweight individuals.!

Glycemic control

Alcreductions in patients with T2DM, currently treated with
MET or no therapy, resulting from treatment with GLP-1RA
in randomized controlled trials (RCTs) are summarized in
Table 1. The mean reduction in Alc with GLP-1RA ranged
from 0.7% to 1.7% and was dose dependent. Clinical trials
were performed in patients with moderate glycemic control
(baseline Alc 7.7-8.4%), and may not be generalizable
to patients with more uncontrolled diabetes. Many head-
to-head trials have been performed comparing GLP-1RA
directly to one another."'"'® Several comparative trials have
found liraglutide to be superior to other GLP-1RA, including
albiglutide,'” exenatide twice daily,'* and exenatide weekly.!?
Dulaglutide was found to be non-inferior to liraglutide,'
and lixisenatide was found to be non-inferior to twice-daily
exenatide.'® Exenatide weekly improves glycemic control as
compared to twice-daily exenatide injections.' Dulaglutide,
exenatide, lixisenatide, and liraglutide have all been shown
to significantly reduce postprandial blood glucose in clinical
trials.'”2? Hypoglycemia was not found to be increased with
GLP-1RA when compared to placebo.!>2021.23

Effects on weight
Weight loss is a desirable outcome in most patients with
T2DM due to the positive impact on glycemic control, insulin
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sensitivity, and comorbid health conditions. GLP-1RA cause
weight loss in a dose-dependent manner, possibly through
early satiety and delayed gastric emptying. Generally consid-
ered a class effect, weight loss is modest at doses approved
for T2DM. A higher dose of liraglutide, up to 3 mg daily
(Saxenda), has been approved by the US FDA for weight
management in certain obese or overweight individuals.'
Virtually, all RCTs evaluating GLP-1RA were designed to
evaluate weight change as a primary outcome. In a 56-week
RCT of 846 overweight or obese patients with T2DM, liraglu-
tide 1.8 mg daily resulted in percent body weight reduction
of —2.71% (95% confidence interval [CI] —4.00%, —1.42%)
(P<0.001) versus placebo.?* Not all GLP-1RA and formula-
tions appear to be equally effective at reducing weight. Bolli
et al demonstrated significant weight loss with lixisenatide
after 24 weeks as compared to placebo (—1.1 to —1.0 kg least
squares mean difference; P<0.01).2 At 26 weeks, patients
using liraglutide or exenatide weekly experienced weight loss
(-3.57 and -2.68 kg, respectively), (95% CI 0.39, 1.40)."
Dulaglutide has also shown significant weight reduction
compared to placebo (-1.3 kg +0.29, P<0.001).!* Several
studies have compared weight loss with exenatide weekly
versus twice daily, suggesting minimal additional benefit
with weekly dosing.'>!2¢ Clinical trials with albiglutide for
the treatment of T2DM did not show a statistically significant
reduction in weight loss compared to placebo.??

Cardiovascular outcomes
Data from randomized clinical trials evaluating the effect of
GLP-1RA on CV outcomes are limited. In the ELIXA trial,
Pfeffer et al*’ evaluated the effect of lixisenatide in patients
with type 2 diabetes with myocardial infarction or unstable
angina admission in the previous 180 days. After an average
of 25 months, the primary composite outcome of CV death,
myocardial infarction, stroke, or hospitalization for unstable
angina occurred in 13.4% of individuals in the lixisenatide
group compared to 13.2% in the placebo group (hazard ratio
[HR] 1.02; 95% CI1 0.89, 1.17). The addition of lixisenatide
to standard therapy did not significantly alter the rates of CV
events or hospitalizations in high-risk patients, although it
did result in modest but significant reductions in Alc, weight,
and systolic BP compared to standard therapy. Currently, the
ELIXA trial is the only published clinical trial evaluating
major CV outcomes with the use of GLP-1RA, although
other trials evaluating liraglutide are currently in progress.
Other data evaluating surrogate markers of CV risk are
available. Monami et al evaluated changes in lipid levels with
GLP-1RA versus placebo in a meta-analysis.? This analysis

was based on four trials reporting change in total cholesterol
and high-density lipoprotein and five trials reporting change
in triglycerides. In these analyses, the only significant change
relative to placebo found with GLP-1RA therapy was a reduc-
tion in triglycerides of —0.29 mmol/L (95% CI -0.57,-0.01)
relative to placebo.

In their meta-analysis, Monami et al also considered the
occurrence of any major cardiovascular event, a composite
end point of CV death, stroke, nonfatal myocardial infarc-
tion, heart failure, or acute coronary syndrome.?® Relative to
placebo, GLP-1RA therapy was associated with significant
(65%) reduction in major CV event with an odds ratio (OR)
of 0.51 (95% CI 0.28, 0.93; P=0.03). However, based on
six exenatide and five liraglutide placebo-controlled studies
(P=0.055 and P=0.31, respectively), significance was not
reached for individual GLP-1RA with an OR of 0.45 (95%
CI10.20, 1.02) for exenatide and 0.60 (95% CI1 0.22, 1.62) for
liraglutide. In an 8-month prospective study of 64 patients with
T2DM, liraglutide was shown to decrease carotid intima-media
thickness from 1.1940.47 to 0.9420.21 mm (P<0.01 vs base-
line). However, the impact of reduced carotid intima—media
thickness on reduction of CV events has not been elucidated.”

Patients with T2DM commonly have hypertension, which
increases their risk for many microvascular and macrovascu-
lar complications. RCT data have shown that GLP-1RA may
lead to small but significant decreases in systolic BP, which
appears to be independent of weight loss and may occur
through increased renal excretion of sodium and endothe-
lial vasodilation.’®3! In clinical trials, systolic BP reduction
ranged from —2.8 to —4.4 mmHg.3?34 Others have found no
significant reduction in BP with GLP-1RA treatment.”**

Any BP reduction with GLP-1RA therapy is modest
and thus has generally been a secondary outcome in clini-
cal trials. As such, most trials were not powered to assess
BP outcomes. Investigators have conducted pooled data
analyses and meta-analyses of RCTs to assess the impact of
GLP-1RA treatment on BP in patients with T2DM. Pooled
analysis of registration trial data for liraglutide and exenatide
twice daily (BID)***7 found modest but statistically signifi-
cant reductions in systolic BP for these agents relative to
placebo, with liraglutide 1.2 and 1.8 mg daily leading to
a mean reduction (SD) of 2.7+0.8 mmHg (P=0.003) and
—2.940.7 mmHg (0.7) (P<0.001), respectively, compared
to placebo.’® Exenatide twice daily leads to a reduction of
—2.8 £0.75 mmHg (P<0.001) in systolic BP.*” The exenatide
analysis identified that systolic BP reductions were somewhat
larger (3.8 £1.1 mmHg; P<0.001) in those with systolic BP
at randomization 2130 mmHg. While the liraglutide pooled
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analysis did not report diastolic BP results, exenatide did not
lead to a significant reduction in diastolic BP (—0.5 mmHg;
P=0.21). Wang et al conducted a broader meta-analysis of
exenatide (twice daily and weekly) and liraglutide studies
and estimated a slightly larger BP effect with these agents.
Seven exenatide studies included a placebo arm, and in these
studies the mean (95% CI) change in systolic BP relative
to placebo was —5.2 mmHg (95% CI —6.9, —3.6) and the
diastolic BP change was —5.9 mmHg (95% CI — 7.5, —4.3).
Liraglutide results in two placebo-controlled studies were
similar with a systolic BP change of —5.6 mmHg (95% CI
—5.8,-5.4) and diastolic BP change of 4.5 mmHg (95% CI
—4.7,-4.3). Thus, the pooled and meta-analysis data suggest
that GLP-1RA has a small, favorable effect on systolic BP
in patients with T2DM.*

GLP-1RA effect on heart rate has also been investigated,
with several RCTs noting increases in heart rate of 3—4
bpm.3** One pooled analysis and one meta-analysis also
evaluated data related to heart rate and pulse pressure. In both
the studies, there was a significant increase in heart rate or
pulse rate. In the pooled analysis of the liraglutide registration
RCTs, liraglutide 1.2 mg led to an increase of 2.33+0.49 bpm
in pulse rate relative to placebo, and liraglutide 1.8 mg led to
an increase of 2.57+0.45 bpm (P<.001).3¢ While there was no
effect on mean arterial pressure, pulse pressure was reduced
by —3.3 and —4.51 mmHg with liraglutide 1.2 and 1.8 mg,
respectively (P<0.005 for both). The meta-analysis identified
a nonsignificant increase of 2.4 bpm (95% CI —0.24, 5.05)
with GLP-1RA treatment relative to placebo.*

Gastrointestinal effects

The most common adverse effect noted in clinical trials
with GLP-1RA was gastrointestinal upset.?*2> Nauck et al
found that 35%—44% of patients treated with GLP-1RA
complained of one or more adverse gastrointestinal effects
including nausea, vomiting, and diarrhea.?! Gastrointestinal
adverse effects are dose dependent and reported as the reason
for withdrawal of 36 liraglutide-treated subjects (5% of all
liraglutide subjects).?! In head-to-head trials, gastrointestinal
effects appeared to be greater with liraglutide than exenatide
extended-release (DURATION-6)"* and albiglutide (HAR-
MONY-7)", but liraglutide-treated patients experienced less
nausea than those receiving exenatide twice daily (LEAD-6)."

Pancreatitis and pancreatic cancer

The risk of pancreatitis is higher in patients with diabetes
than those without diabetes.*® Following early reports of
acute pancreatitis with GLP-1RA, extensive study has been

conducted to understand the risks. Because pancreatitis is
a relatively uncommon event, investigators have utilized
large ADE reporting datasets or administrative claim
datasets to investigate this risk. Raschi et al utilized the US
Food and Drug Administration Adverse Event Reporting
System in an early study.*! The authors identified all ADEs
reported with diabetes medications, including oral drugs,
exenatide, and insulin. Between 2004 and 2009, a total of
2,625 cases of pancreatitis were reported. Of these, 709
were exenatide users, corresponding to a reporting odds
ratio of 1.76 (95% CI 1.61, 1.92; P<0.001). Liraglutide
was not included in the pancreatitis evaluation as it was
not launched until 2010.

A limitation of ADE reporting systems is that the true
number of users is not known, and there is a risk of reporting
bias. Thus, subsequent studies were based on administrative
claim datasets comparing GLP-1RA patients to those with
diabetes treated with other agents including MET, SU, TZD,
sitagliptin, and insulin. Studies were conducted with 3- to
4-year time frames between 2005 and 2013.4%425 While
studies varied in size and whether or not the definition of a
case was based on hospitalization, none found an association
between liraglutide or exenatide and pancreatitis. A study of
liraglutide identified 0.188 cases per 100 person-years (PY)
versus 0.154 in patients taking MET (an SU) or pioglitazone
(a TZD). The adjusted relative risk (RR) for the risk of pan-
creatitis for liraglutide versus the comparator drugs was 1.10
(95% CI 0.81, 1.49).*> This study also evaluated the risk of
pancreatic cancer with liraglutide use, and identified a 1-year
incidence rate of 0.012 cases per 100 PY corresponding to a
RR 0of 0.65 (95% CI1 0.26, 1.60). Three of the four exenatide
studies compared the odds of having pancreatitis requiring
hospitalization relative to patients using other diabetes medi-
cations, and identified 1-year incidence rates from 0.132% to
0.196% versus 0.133% to 0.249% in comparison patients.
This corresponds to adjusted OR of 0.923 (95% CI 0.63,
1.36) and 0.99 (95% CI1 0.73, 1.33), respectively, and RR of
1.0 (95% CI 0.6, 1.7) for the risk of pancreatitis with exena-
tide use relative to comparison patients. The third exenatide
study, which did not require hospitalization as a criterion
for defining acute pancreatitis, identified an incidence rate
0f 0.570 cases per 100 PY and an adjusted HR of 0.9 (95%
CI 0.6, 1.5) for exenatide versus comparison patients. Thus,
the current evidence, based on large cohort studies, suggests
that GLP-1RA are not associated with an increased risk of
pancreatitis, and liraglutide does not appear to be associated
with pancreatic cancer, although data are limited regarding
pancreatic cancer.
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In addition to pancreatitis and pancreatic cancer, there has
been concern that GLP-1RA therapy may be associated with
thyroid tumors and cancer. A retrospective cohort study based
on administrative claims data of 32,800 exenatide patients
who were propensity score matched to patients treated with
MET or glyburide found no increased risk for either benign
thyroid neoplasms (RR 0.7; 95% CI 0.3, 1.7) or thyroid
malignancies (RR 1.4; 95% CI 0.8, 2.4).4

SGLT?2 inhibitors

SGLT2-I are the newest class of diabetes medication and were
first approved by the European Unionin 2011 and then by the
US FDA in March 2013 for the treatment of T2DM. SGLT2-I
act in the proximal nephrons to block glucose reabsorption
by the kidneys, thereby increasing glucosuria.*’” SGLT2-1
approved in the US for the treatment of T2DM include cana-
gliflozin (Invokana, 2013), dapagliflozin (Farxiga, 2014), and
empagliflozin (Jardiance, 2014).474

Glycemic control

Alcreductions resulting from treatment with SGLT2-1 with
or without background therapy of MET in randomized trials
are summarized in Table 2. The mean reduction in Alc with
SGLT2-I ranged from 0.32% to 1.17%. Larger reductions
in Alc were generally seen with higher doses of SGLT2-I
and amongst patients with higher baseline Alc values.>**!
Clinical trials were performed in patients with moderate
glycemic control (baseline Alc 7.2%—8.5%) and may not be
generalizable to patients with more uncontrolled diabetes.
However, the reduction in glucotoxicity with SGLT2-I and
improved insulin sensitivity may result in increased benefit
in patients with more elevated baseline Alc.’> SGLT2-I
have varying selectivity for SGLT2 receptors, which likely
results in variable Alc reduction. However, without head-
to-head comparisons of different SGLT2-I in clinical trials,
selection amongst the three available agents is difficult. The
mechanism of action of SGLT2-I is glucose dependent, and
hypoglycemia is not found to be increased with any of the
agents.’*1535¢ Furthermore, the mechanism of action of
SGLT2-I is independent of insulin. This makes SGLT2-I a
tempting treatment for T2DM, which is associated with a
progressive loss of beta-cell function and insulin resistance,
thereby limiting the long-term durability of other diabetes
treatments. Unfortunately, limited long-term data are avail-
able for SGLT2-I, with the longest study to date having
duration of only 2 years.

Table 2 Mean Alc reduction in clinical studies of SGLT2
inhibitors

Study Duration Baseline Treatment Changein Alc
(weeks) Alc (%) (% +I- SD)
Bolinder 102 7.2% DAPA 10 mg -0.30
et al®® + MET
Placebo +0.12
+ MET (95% CI —0.62
to —0.22)
Ferrannini 12 7.9% EMPA 25 mg -0.6
etal' + MET
EMPA 10 mg -0.5°
+ MET
EMPA5mg -04
+ MET
Placebo +0.1%
+ MET
Haring 24 7.9% EMPA 25 mg -0.77+0.05*
etal®® + MET
EMPA 10 mg -0.7+0.05*
+ MET
Placebo —0.13+0.05
+ MET
Stenlof 26 8% CANA -1.03*
et al*® 300 mg
CANA —0.77%
100 mg
Placebo +0.14

Note: *P<0.001 vs placebo.

Abbreviations: CANA, canagliflozin; Cl, confidence interval; DAPA, dapagliflozin;
EMPA, empagliflozin; MET, metformin; SGLT2, sodium—glucose cotransporter 2;
SD, standard deviation.

Effects on weight

SGLT2-I on average result in a small reduction in weight,
possibly due to reduction in glucose reabsorption. The mean
weight loss associated with SGLT2-I in clinical trials aver-
aged from 1.5 to 3 kg compared to placebo.’*** The weight
loss appears to be sustained for up to 102 weeks.>*5

Cardiovascular outcomes

The EMPA-REG OUTCOME study by Zinman et al was
designed specifically to evaluate the effect of empagliflozin
in patients with T2DM and established atherosclerotic car-
diovascular disease (ASCVD).*¢ After 3 years, the primary
composite outcome (nonfatal myocardial infarction, nonfatal
stroke, or CV death) occurred in fewer patients assigned to the
SGLT2-I versus placebo (10.5% vs 12.1%; HR 0.86; 95% CI
0.74, 0.99). Statistically significant reductions in the risk of
death from CV causes (HR 0.62; 95% CI 0.49, 0.77), death
from any cause (HR 0.68; 95% CI 0.57, 0.85), and heart
failure hospitalizations (HR 0.65; 95% CI 0.50, 0.85) were
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also observed with empagliflozin versus placebo. There was
no significant difference in the risk of myocardial infarction
or stroke in those receiving empagliflozin compared with
placebo. Although the achieved level of glycemic control
differed between groups (7.8% vs 8.2%), this small differ-
ence seems unlikely to fully account for identified benefits.
Patients in the placebo group were more likely to use SU and
insulin. Although these results are highly promising, long-
term data including primary CV prevention populations and
utilizing other SGLT2-I will be needed to fully assess the CV
outcomes with this class of medications.*

BP is an important surrogate marker for CV complica-
tions. SGLT2-I are mild osmotic diuretics associated with
modest reductions in systolic (3—5 mmHg) and diastolic
(1-2 mmHg) BP>%% In normotensive patients, this diuresis
may result in hypovolemia or hypotension. SLGT2-I are also
associated with modest increases in low-density lipoprotein-
cholesterol (1.9%—6.1%).>° Neither the effects on BP or
lipids are likely to necessitate changes to antihypertensive or
cholesterol therapy for most patients with T2DM.

Genitourinary effects

SGLT2-I have been associated with increased risks of geni-
tourinary infections and polyuria due to increased glucose
concentrations in the urine. RCT data evaluating the risk of
urinary tract infections are conflicting with some identify-
ing no increase in risk’>**->> and others reporting a small
increase in risk.’' Rates of genital infection, predominately
vulvovaginal candidiasis amongst women, appear modestly
increased in most studies by 2.0%—-8.9% when compared to
placebo.’*!5* Early studies with dapagliflozin raised con-
cerns about a potential increased incidence of bladder cancer.
Although a causal relationship was not established, the US
FDA has requested postmarketing surveillance studies, and
its use in patients with active or history of bladder cancer
should be avoided.’’

Diabetic ketoacidosis

Although not readily apparent in RCT data, in May 2015 the
US FDA added a warning that the use of SGLT2-I may lead to
diabetic ketoacidosis (DKA).%® In some cases, diagnosis was
delayed given a patient’s atypical euglycemic glucose levels
(<250 mg/dL) at the time of presentation. Observational
data support the finding that DKA in patients treated with
SGLT2-I is likely rare with incidence rates of 0.763 versus
0.238 per 1,000 PY in patients treated with placebo.*® Patients
with T2DM treated with SGLT2-I who experience gastro-
intestinal upset and malaise or develop metabolic acidosis

should be promptly evaluated for the presence of ketones,
even in the absence of severely elevated blood glucose.® Risk
factors for experiencing DKA with SGLT2-I are not fully
understood but may include type 1 diabetes, treatment with
insulin, volume depletion, alcohol use, illness, and those in
postoperative status.**-¢!

Bone fractures

The US FDA added a warning in September 2015 about
reductions in bone density and increased risk for bone frac-
tures with the use of canagliflozin in patients with T2DM. It
has been hypothesized that SGLT2-I may alter the absorp-
tion and excretion of calcium and phosphate, resulting in
reductions in bone health. A 2-year RCT in older adults
was conducted at the request of the US FDA. Findings are
not yet published but available from the US FDA including
placebo-corrected and dose-dependent declines in bone min-
eral density of 0.9%—1.2% at total hip, 0.3%—0.7% at lumbar
spine, and 0.1% at femoral neck with the use of canagliflozin.
Low trauma fractures were more common and appeared as
early as 12 weeks after starting the drug.®

Discussion

Second-line pharmacotherapy selection for patients with
T2DM optimized on MET, or with intolerance or contra-
indication to MET, is debated.? Experts recommend that
patient-specific considerations and shared decision-making
should be incorporated into treatment decisions.? GLP-1RA
and SGLT2-I are two promising new classes of diabetes
pharmacotherapy.

Key considerations for patient selection are outlined in
Table 3. Currently, no head-to-head studies evaluating GLP-
1RA versus SGLT2-I are available. A review of placebo-
controlled trials of GLP-1RA and SGLT2-I in T2DM, with or
without baseline MET therapy, suggests that both the classes
are likely similar in efficacy, lowering Alc by ~1%—-1.5%.
GLP-1RA, especially at higher doses, may be slightly more
efficacious in terms of glucose lowering and weight loss
than SGLT2-I. Most clinical trials evaluated patients with
only moderately uncontrolled diabetes (average Alc <9%
at baseline), and limited data are available describing the
efficacy of these agents in patients with poorer level of
control. Some evidence suggests that some patients may
be nonrespondent to treatment with GLP-1RA, although
the reason for the lack of response is unclear; such patients
should have therapy discontinued.®® Both GLP-1RA and
SGLT2-I offer minimal risk of hypoglycemia and appear to
have positive, although modest, effects on weight and BP.
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Table 3 Special considerations: GLP-1 receptor antagonists and SGLT?2 inhibitors

Outcome GLP-I receptor antagonists

SGLT2 inhibitors

Alc reduction (%)
Target of BG lowering

0.7-1.7

target fasting and postprandial BG

Hypoglycemia risk Low
Weight loss (kg) 2-5
Systolic blood pressure 2-5

reduction (mmHg)
Cardiovascular outcomes

Potential adverse effects

not established
Administration

Shorter acting, mostly postprandial BG; longer acting,

Unclear benefit in primary and secondary prevention

Gastrointestinal upset, pancreatitis/pancreatic
cancers, thyroid tumors/cancers, long-term safety

Subcutaneous injections, twice daily to once weekly;

0.32-1.17
Fasting and postprandial BG

Low
1.5-3.0
3-5

Reduction in CV death in patients with known ASCVD;
unclear benefit in primary prevention

Genitourinary infections, diabetic ketoacidosis, bone
fractures, long-term safety not established

Oral, once daily

may require reconstitution and use of prefilled pens

Cost/day (US $)7
Cost/QALY%+¢

13.56-21.37

EXEN QW vs IG: £9,400-£13,000

EXEN BID vs IG: dominate to £30,000

12.10
DAPA vs SITA: £6,800
DAPA vs MET: £2,700

Note: *Range of findings.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BG, blood glucose; BID, twice daily; CV, cardiovascular; DAPA, dapagliflozin; EXEN, exenatide; GLP-1, GLP-
1, glucagon-like peptide-1; IG, insulin glargine; MET, metformin; QALY, quality-adjusted life year; QW; once weekly; SGLT2, sodium—glucose cotransporter 2; SITA, sitagliptin.

The ELIXA trial identified a neutral CV effect of lixisenatide
in patients with T2DM and recent acute coronary syndrome.
Conversely, the EMP-REG OUTCOME trial found an excit-
ing reduction in CV outcomes in patients with T2DM and
known ASCVD that were treated with empaglifiozin. In
addition to needing long-term data in primary CV preven-
tion populations, further research evaluating the CV effects
of other GLP-1RA and SGLT2-I is required to understand
whether such findings are agent or dose dependent. In the
meantime, both ELIXA and EMP-REG OUTCOME tri-
als should be accepted as strong evidence supporting the
potential role of both GLP-1RA and SGLT2-I in patients
with T2DM and known CV diseases.

Practical administration requirements may be important
considerations for those with limited dexterity, poor eyesight,
or aversion to the use of injectable medications. Patients
treated with GLP-1RA will need to self-inject agents or have
them administered subcutaneously anywhere from twice daily
to once weekly depending on formulation. Learning to self-
inject GLP-1RA requires learning to use prefilled pens and
steps for reconstitution with diluents. Conversely, SGLT2-1
are oral formulations that may be preferred by some patients
due to ease of administration.

As relatively new classes of diabetes medications, GLP-
IRA and SGLT2 agents are available as branded products
with no generic equivalents. Costs per day are consider-
able and higher for GLP-1RA than for SGLT2-I (Table 3).
However, peer-reviewed published pharmacoeconomic

evaluations have generally found that GLP-1RA, specifically
exenatide BID and exenatide weekly, are cost-effective
when used as second-line treatment relative to analog basal
insulins with costs per quality-adjusted life year within the
generally accepted range for cost-effectiveness (Table 3).54¢7
Investigators found that costs per quality-adjusted life year
were dependent on analysis time horizon, baseline body mass
index, degree of weight loss, and assumptions on Alc trends
over time.*” Peer-reviewed published cost-effectiveness data
for SGLT2-I are currently limited, with most data reported
for dapagliflozin. Relative to SU or dipeptidyl peptidase-4
therapy, dapagliflozin is estimated to be cost-effective
below the generally accepted cost-effectiveness thresholds
(Table 3).58¢°

Adpverse effects of GLP-1RA include gastrointestinal side
effects (nausea, vomiting, diarrhea), increased heart rate,
and injection site reactions. While there is mixed evidence
regarding whether GLP-1RA increase risk for acute pancre-
atitis and they are associated with thyroid tumors in animals,
prescribers should consider these possible adverse effects in
patients at elevated risk for either outcome. Adverse effects
of SGLT2-I include genitourinary infections, a possible
association with bladder cancer, DKA, and bone fractures.
Patients should be engaged in shared decision-making and
discussion about potential benefits and adverse effects with
either class prior to initiating therapy.

Renal function should be assessed before initiating ther-
apy with either GLP-1RA or SGLT2-I. Use of the GLP-1RA

submit your manuscript

246

Dove

Vascular Health and Risk Management 2016:12


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

Dove

Second-line therapy in type 2 diabetes

exenatide has been associated with cases of acute renal insuf-
ficiency or worsening of chronic renal failure.” Caution is
suggested in patients with glomerular filtration rate (GFR)
less than 50 mL/min/1.73 m?, and use is not recommended
or contraindicated in patients with a GFR less than 30 mL/
min/1.73 m?. Limited data exist regarding the use of other
GLP-1RA in patients with renal insufficiency and similar
caution is recommended for all GLP-1RA until more data
are available. Generally, use of SGLT2-I in patients with GFR
less than 45—60 mL/min/1.73 m? is not recommended or con-
traindicated, depending on the particular agent. SGLT2-I may
be less efficacious and increase the risk of adverse effects.
There is a contraindication for all SGLT2-I in patients with
GFR less than 30 mL/min/1.73 m>

Patients who have a history of ASCVD, no significant
history of recurrent genitourinary infections or bladder
cancers, and without risk factors for DKA or fractures may
be good candidates for SGLT2-I. Patients able to self-inject,
desiring weight loss, and without history of pancreatitis or
thyroid tumors may be reasonable candidates for treatment
with GLP-1RA. In either case, patients should be closely
monitored for both efficacy and adverse effects. Given the
expense of both the classes, therapy should be stopped in
patients that fail to respond.

Differences also exist within drug classes. Exenatide
and liraglutide have slightly better weight and efficacy out-
comes compared to other GLP-1RA. Once-daily or weekly
formulations may be preferred by patients and improve
adherence. Longer acting agents also tend to have greater
effect on fasting blood glucose, whereas shorter acting
agents target postprandial glucose. Amongst SGLT2-I, cana-
gliflozin specifically has raised concerns about risk of bone
fracture, although it is unclear whether an association exists
with other SGLT2-1. Empaglifiozin appears to reduce CV
risk in patients with known ASCVD, although it has more
modest improvements in glycemic control when compared
to other SGLT2-1. Further data are needed to understand
if the reduction in CV outcomes with empagliflozin is a
class effect.

Conclusion

GLP-1RA and SGLT2-I are efficacious second-line treat-
ments for T2DM with limited risk of hypoglycemia and
positive or neutral effects on CV risk, weight, and BP. While
expensive relative to other agents, these classes of drugs are
generally cost-effective as second-line treatment, although
cost-effectiveness data are limited. Selection of treatment for

T2DM should be patient specific and incorporate knowledge
of potential adverse effects, required A 1c reduction to achieve
goal, cost, weight consideration, comorbid medication condi-
tions, and patient preferences.
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