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Diabetes is a lifelong condition requiring continuous medical care. The incidence of diabetes has increased 
dramatically in the United States. Data from the Centers for Disease Control and Prevention (CDC) shows 
that diabetes affects 9.3% of Americans, or 29.1 million people; most have type 2 diabetes. Treating diabetes 

is crucial because of the various comorbidities (eg, obesity, hypertension, heart disease, stroke, and renal impairment) 
and complications associated with uncontrolled diabetes. Diabetes also imposes a significant economic burden for 
patients and the health care system. The CDC’s National Diabetes Statistics Report: Estimates of Diabetes and Its 
Burden in the United States, 2014 reports that the total annual costs, both direct and indirect, associated with diabetes 
have been estimated at $245 billion. Also, individuals with diabetes experience average medical expenditures 2.3 
times higher than those without diabetes.

Type 2 diabetes continues to be a complex and challenging disease to manage. While treatment of type 2 diabetes is 
targeted at lowering glycated hemoglobin (HbA1c), approximately 50% of patients are unable to meet their HbA1c 
goal. In addition to lowering patient’s HbA1c, clinicians need to consider the efficacy and safety of antidiabetes 
drugs, patient comorbidities and preferences, and cost. Sodium-glucose cotransporter 2 (SGLT-2) inhibitors comprise 
one of the newest class of oral antihyperglycemic drugs for glucose control. 

Empagliflozin is a once-daily SGLT-2 inhibitor FDA approved in August 2014 for the treatment of type 2 diabetes 
in conjunction with diet and exercise. Phase 3 trials showed that empagliflozin, both as a monotherapy and in 
combination across a range of background treatments, is an effective treatment option for improving glucose 
control in this patient population. Because efficacy and tolerability, patient comorbidities, and cost are important 

Newest SGLT-2 
Inhibitor for Type 2 
Diabetes

The majority of patients with type 
2 diabetes will eventually require 1 or 
more additional agents to reach their 
glycemic goals. Several options exist 
for further therapy, including SGLT-2 
inhibitors. Empagliflozin is the newest 
SGLT-2 inhibitor, joining canagliflozin 
and dapagliflozin. In a recent study, 
Anadu et al looked at the pharmacol-
ogy, pharmacokinetics, clinical studies, 
and other data for empagliflozin [PT. 
2015;40(6):364-368]. Table 1 highlights 
the drug’s key features.

The kidney plays an important role in 
the glucose hemostasis via its produc-
tion, utilization, and reabsorption of 
glucose from glomerular filtrate. SGLT-2 
is responsible for the majority of glucose 
reabsorption in the renal proximal tube. 
Inhibition of SGLT-2 increases excretion 
of excess glucose in the urine, resulting 
in a reduction of plasma glucose concen-
tration. In patients with type 2 diabetes, 
empagliflozin lowered fasting and post-
prandial glucose by: (1) increasing total 
glucose excretion; (2) improving beta-

cell function; and (3) shifting substrate 
utilization from glucose to lipid.

The pharmacokinetic profile showed 
that empagliflozin has bioavailability of 
78%, no active metabolites, and limited 
drug–drug interactions. After oral ad-
ministration, empagliflozin exhibits rapid 
absorption, reaching peak levels of 1.5 
hours after a single dose. The terminal 
elimination half-life of empagliflozin is 
around 12.4 hours and the oral clearance 
10.6 L per hour. The drug’s long half-life 
permits once-daily dosing.

Safety and Efficacy
Clinical trials showed that empa-

gliflozin as monotherapy and in com-
bination therapy (eg, metformin and 
insulin) demonstrated statistically sig-
nificant reductions in HbA1c and sig-
nificant reductions in body weight. For 
example, in the monotherapy study, 986 
treatment-naïve patients with type 2 
diabetes participated in a double-blind, 
placebo-controlled, 24-week study. At 
the end of a run-in period, patients who 
remained inadequately controlled and 
had an HbA1c between 7% and 10% 
were randomized to placebo, empa-
gliflozin 10 mg, empagliflozin 25 mg, 
or a reference comparator. At week 

24, patients treated with empagliflozin 
had a significant reduction in HbA1c, 
body weight, and systolic blood pres-
sure (SBP). Results of the primary end 
point of the adjusted mean reductions 
from baseline in HbA1c for the 10 mg 
and 25 mg doses were 0.7% and 0.8%, 
respectively. Empagliflozin also reduced 
mean body weight. For the 10 mg and 25 
mg doses, the decreases in body weight 
were 1.93 kg and 2.15 kg, respectively. 
Results also showed reductions in SPB 
of 2.6 mm Hg and 3.4 mm Hg for the 

10 mg and 25 mg doses, respectively.
Empagliflozin has a low side effect 

profile when used in combination with 
other antidiabetic medications. See Table 
1 for the most common adverse events 
(AEs). There is little risk of hypogly-
cemia with empagliflozin because the 
mechanism of action is independent of 
beta-cell function and insulin pathway.

Cost of Therapy
Cost is also an important factor when 

considering treatment. The average 
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Table 1. Key Features of Empagliflozin 

Cost of 30-day supply $411 for 10 mg and 25 mg tablets

Dosage 10 mg daily in the morning; may increase to 25 mg once daily if additional 
glycemic control is needed in patients tolerating empagliflozin

Pregnancy category C (potential benefits may warrant use of the drug in pregnant women 
despite potential risks)

Hepatic impairment Severe: Not recommended

Renal impairment Dosage adjustment required for eGFR of 45 mL/min/1.73 m2 to <60 mL/
min/1.73 m2; use not recommended for eGFR of <45 mL/min/1.73 m2

Warning/precautions Increased risk of genital mycotic infections, increased risk of hypoglycemia 
with insulin secretagogues or insulin, and symptomatic hypotension

Common adverse 
events

Urinary tract infections, female and male genital mycotic infections, 
increased urination, nausea, nasopharyngitis, and polydipsia

eGFR=estimated glomerular filtration rate.
Source: Anadu et al. PT. 2015;40(6):364-368.
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INDIVIDUALS WITH 
DIABETES EXPERIENCE 

AVERAGE
MEDICAL EXPENDITURES

TIMES HIGHER THAN THOSE
WITHOUT DIABETES

2.3
when considering treatment, First Report Managed Care identified 3 studies that examined these criteria. One study reviewed the pharmacology, pharmacokinetics, 
clinical trials, and cost of empagliflozin. A second study evaluated empagliflozin in diabetes patients with hypertension. The final study investigated empagliflozin 
added to multiple daily injection (MDI) of insulin in obese patients. This article provides an overview of these studies.
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wholesale price (AWP) for a 30-day 
supply of empagliflozin 10 mg or 25 mg 
tablets is $411. The AWP is comparable 
to canagliflozin 100 mg and 300 mg 
tablets and dapagliflozin 5 mg and 10 
mg tablets ($411 and $412, respectively), 
according to the study.

Empagliflozin lowers HbA1c approxi-
mately 8% and is generally well-tolerated. 
Given its side effect profile and that the 
cost is similar to that of other SGLT-2 
inhibitors, empagliflozin provides another 
oral option for improving glycemic con-
trol in adult patients with type 2 diabetes, 
concluded the researchers.

Improved Blood 
Pressure

Lowering blood pressure (BP) has been 
shown to reduce cardiovascular events 
in patients with diabetes. As BP control 
is difficult to achieve in patients with 
diabetes, combination therapy is often 
required. In a new study, Tikkanen et 
al investigated the safety, efficacy, and 
tolerability of empagliflozin 10 mg and 25 
mg compared with placebo for 12 weeks 
on BP and glycemic control in patients 
with type 2 diabetes and hypertension 
[Diabetes Care. 2015;38(3):420-428].

For the randomized, double-blind, 
placebo-controlled, phase 3 study, 823 
patients with type 2 diabetes and hyper-
tension (mean seated SPB 130-159 mm 
Hg and diastolic blood pressure [DSP] 
80-99 mm Hg) received empagliflozin 
10 mg (n=276), empagliflozin 25 mg 
(n=276), or placebo (n=271) once daily 
for 12 weeks. Patients underwent 24-
hour ambulatory BP monitoring  ≤7 days 
prior to randomization and at week 12. 
The primary end point was change from 
baseline in HbA1c and mean 24-hour 

SPB at week 12. The key secondary end 
point was change from baseline in 24-
hour DPM at week 12.

Reductions from HbA1c were signifi-
cantly greater with 10 mg and 25 mg 
empagliflozin compared with placebo at 
week 12 (See Table 2 for details). The 
adjusted mean difference versus pla-
cebo in change from baseline in HbA1c 
was −0.62% with 10 mg empagliflozin 
and −0.65% with 25 mg empagliflozin. 
Treatment with empagliflozin led to 
significantly and clinically meaningful 
improvements in 24-hour SBP and DPB 
compared with placebo. The adjusted 
mean difference versus placebo in change 
from baseline in mean 24-hour SPB and 
DBP with 10 mg empagliflozin was −3.44 
mm Hg and −1.36 mm Hg, respectively. 
With 25 mg empagliflozin it was −4.16 
mm Hg and −1.72 mm Hg, respectively.

Overall, 97% of patients with >1 AEs 
reported only AEs that were mild or 
moderate in intensity. A higher pro-
portion of patients in the placebo arm 
reported serious AEs compared with the 
empagliflozin treatment arms. The most 
frequently reported drug-related AEs in 
any treatment group were pollakiuria, 
hypoglycemia, polyuria, and thirst.

“Empagliflozin was associated with 
significant and clinically meaningful 
reductions in BP and HbA1c versus pla-
cebo and was well-tolerated in patients 
with type 2 diabetes and hypertension,” 
said the researchers.

Meeting An Unmet 
Need

There is an unmet need for antidiabetes 
therapy that can be used in combina-
tion with MDI of insulin to improve 
glycemic control in patients with type 2 

diabetes without exacerbating comorbidi-
ties such as obesity. In the final study, 
Rosenstock et al evaluated empagliflozin 
when added to MDI of insulin in obese 
patients with type 2 diabetes and high 
insulin requirements [Diabetes Care. 
2014;37(7):1815-1823].

The randomized, double-blind, pla-
cebo-controlled, parallel group study 
enrolled adult obese patients (body mass 
index ≥30 and ≤45 kg/m2) with type 2 
diabetes and insufficient glycemic control 
(HbA1c ≥7.5%-≤10%) despite diet and 
exercise counseling and treatment with 
MDI insulin alone or in combination 
with metformin. Following a 2-week 
run-in period, patients were randomized 
1:1:1 to once-daily empagliflozin 10 mg 
(n=186), empagliflozin 25 mg (n=180), 
or placebo (n=188) as an add-on to MDI 
insulin with or without metformin, for 
52 weeks. 

The primary end point was change in 
baseline in HbA1c at week 18. Insulin 
dose was to remain stable in weeks 1 
to 18, adjusted to meet glucose targets 
in weeks 19 to 40, and then stable in 
weeks 41 to 52. Secondary end points 
were change in baseline at week 52 in 
insulin daily dose, body weight, and 
HbA1c.

The results showed that empagliflozin 
10 mg and 25 mg improved glycemic 
control and reduced body weight with-
out increasing the risk of hypoglycemia 
and with lower insulin requirements 
(Table 2). Over the 52-week treatment 
period, the proportion of patients with 
≥1 AE, ≥1 serious AE, or ≥1 AE leading 
to discontinuation were similar across 
treatment groups, with approximately 
90% of patients reporting only mild to 
moderate AEs. Also, over the 52-week 
treatment period, including the treat-to-
target period, the proportion of patients 
with confirmed hypoglycemic AE events 
was similar in all treatment groups (pla-
cebo 58%, empagliflozin 10 mg 51.1%, 
and empagliflozin 25 mg 57.7%).

The researchers acknowledged study 
limitations. The insulin titration was at 
the investigator’s discretion based on a 
prespecified treatment goal. Also, the 
study conclusions were limited to the 
population studied and not applicable 
to general population of patients with 
type 2 diabetes. In obese, difficult-to-treat 
patients with type 2 diabetes inadequately 
controlled on high MDI insulin, empa-
gliflozin may provide a new treatment 
option, researchers concluded.—Eileen 
Koutnik-Fotopoulos
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Given its side effect profile and 
cost are similar to that of other 

SGLT-2 inhibitors, empagliflozin 
provides another oral option for 
improving glycemic control in 

adults patients with type 2 diabetes, 
concluded the researchers.

Table 2. Summary of Changes in HbA1c, Insulin Dose, and Body Weight

Placebo Empagliflozin 10 mg Empagliflozin 25 mg

Primary endpoint

HbA1c at week 18, % 
(mmol/mol)

7.84 ± 0.07
(62  ± 0.8)

7.44 ± 0.05
(58 ± 0.5)

7.29 ± 0.06
(56 ± 0.7)

Change from baseline in 
HbA1c, % (mmol/mol)

−0.50 ± 0.05
(−5.5 ± 0.5)

−0.94 ± 0.05
(−10.3 ± 0.5)

−1.02 ± 0.05
(−11.1 ± 0.5)

Difference vs placebo −0.44 ± 0.08 (P<.001) −0.52 ± 0.07 (P<.001)

Secondary endpoints

Insulin dose at week 52, 
international units/day 99.5 ± 4.9 90.4 ± 4.0 89.4 ± 4.1

Change from baseline in 
insulin dose, international 
units/day

10.2 ± 2.2 1.3 ± 2.1 −1.1 ± 2.1

Difference vs placebo −8.8 ± 3.1 (P=.004) −11.2 ± 3.1 (P<.001)

HbA1c at week 52, % 
(mmol/mol)

7.48 ± 0.09
(58 ± 1.0)

7.19 ± 0.08
(55 ± 0.9)

7.09 ± 0.08
(54 ± 0.9)

Change from baseline in 
HbA1c, % (mmol/mol)

−0.81 ± 0.08
(−8.9 ± 0.9)

−1.18 ± 0.08
(−12.9 ± 0.9)

−1.27 ± 0.08
(−13.9 ± 0.9)

Difference vs placebo −4.2 ± 1.2 (P<.001) −5.0 ± 1.2 (P<.001)

Body weight at week 52, kg 96.66 ± 1.72 94.57 ± 1.47 93.41 ± 1.72

Change in body from base-
line in body weight, kg 0.44 ± 0.36 −1.95 ± 0.36 −2.04 ± 0.36

Difference vs placebo −2.39 ± 0.51 (P<.001) −2.48 ± 0.51 (P<.001)

HbA1c=glycated hemoglobin.
Source: Tikkanen et al. Diabetes Care. 2014;37(7):1815-1823.
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