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LEARNING OBJECTIVES

DISCLOSURE

* Describe the role of the kidney in glucose homeostasis.

e Describe the mechanism of action of SGLT-2 inhibitors in
the treatment of type 2 diabetes mellitus.

e Describe the glycemic effects of SGLT-2 inhibitors.

® List the most clinically important adverse events associ-
ated with SGLT-2 inhibitors.

¢ Differentiate key characteristics of SGLT-2 inhibitors from
other antihyperglycemic medications.

e Select SGLT-2 inhibitor therapy to meet the needs,
interests, and capabilities of patients with type 2 diabetes
mellitus.

¢ |nitiate strategies to minimize the risk of adverse events
associated with SGLT-2 inhibitors.
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Role of the Kidney in Glucose
Homeostasis: Implications

for SGLT-2 Inhibition in the Treatment
of Type 2 Diabetes Mellitus

Eden M. Miller, DO

INTRODUCTION

In the context of diabetes, the kidney has been con-
sidered primarily in terms of the nephrotoxic conse-
quences of hyperglycemia.! However, in the last decade
or two, there has been renewed interest in the role of
the kidney in glucose homeostasis and in the devel-
opment of hyperglycemia in type 2 diabetes mellitus
(T2DM).? Similarly, glucosuria and its attendant clas-
sical symptoms of polyuria and polydipsia that char-
acterize uncontrolled hyperglycemia historically have
been considered markers of disease.>* An alternative
view is to consider glucosuria as an attempt by the kid-
ney to mitigate the endothelial damage and associated
complications caused by hyperglycemia by prevent-
ing an excessive elevation in blood glucose.’ This view
suggests that agents promoting glucosuria might help
reduce hyperglycemia, control diabetes, and reduce
long-term complications.® This focus on the kidney
as a therapeutic target for the treatment of T2DM
has led to the development of the sodium-glucose
cotransporter-2 (SGLT-2) inhibitors, of which 3 are
available in the United States (canagliflozin, dapa-
gliflozin, and empagliflozin).
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ROLE OF THE KIDNEY IN NORMAL
GLUCOSE HOMEOSTASIS AND

TYPE 2 DIABETES MELLITUS

In healthy, nondiabetic individuals, virtually all of
the glucose filtered from the plasma by the kidneys
is reabsorbed in the proximal tubule, with little to no
glucose appearing in the urine.! However, plasma glu-
cose concentrations above the renal threshold for glu-
cose (~180 mg/dL in healthy individuals) exceed the
maximum glucose transport capacity (Tm glucose)
of the proximal tubule.** Consequently, excess glu-
cose that cannot be reabsorbed is excreted, resulting
in glucosuria.

In patients with T2DM, hyperglycemia increases
the glucose load presented to the kidney.® However,
the level of glucosuria does not typically rise in tandem
because the capacity of the kidney to reabsorb glucose
(ie, Tm glucose) is increased in diabetes, resulting in
an increased renal threshold for glucose excretion
(~200 to 250 mg/dL). As a consequence, hyperglyce-
mia is exacerbated.®” To make matters worse, the kid-
ney may further contribute to hyperglycemia in T2DM
through increased gluconeogenesis.® An increased
understanding of the role of renal glucose handling in
the pathophysiology of diabetes mellitus has prompted
targeting of the kidney for therapeutic intervention.

SGLTs in normal glucose homeostasis

and type 2 diabetes mellitus

Glucose transport across cell membranes is medi-
ated primarily by 2 types of active sodium-glucose
cotransporters: SGLT-1 and SGLT-2. The SGLI-2 is
a high-capacity, low-affinity glucose transporter
located primarily in the brush border membrane
of the convoluted (S1) segment of the proximal
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renal tubule. SGLT-2 is responsible for reabsorbing
approximately 90% of filtered glucose in the kidney.
SGLI-1 is a high-affinity, low-capacity glucose trans-
porter that reabsorbs the remaining 10% of filtered
glucose in the distal straight segment (S3) of the
proximal tubule.® As glucose that is reabsorbed via
SGLT-2 and SGLT-1 accumulates inside the proxi-
mal tubular cells, glucose transporter 2 (GLUT2)
facilitates passive transport back into the surrounding
interstitial fluid.?

In addition to its expression in the proximal renal
tubule, SGLT-1 is abundant in intestinal mucosa entero-
cytes, where it facilitates the absorption of dietary
glucose.”!* SGLT-2 is found primarily in the luminal
membrane of the S1 and S2 early segments of the prox-
imal renal tubule, with possible limited expression in
brain, liver, thyroid, muscle, and heart tissue.'

The increased capacity of the kidney to reab-
sorb glucose from glomerular filtrate in individu-
als with T2DM is due in large part to upregulation
of SGLT-2 and GLUT2 expression and activity in
uncontrolled diabetes."! This maladaptive response
to hyperglycemia results in reduced urinary
glucose excretion (UGE) and further worsening of the
hyperglycemic condition.’ It also provides a rationale
for inhibition of SGLT-2 as a therapeutic approach
to control glucose levels in diabetes by suppressing
glucose reabsorption and increasing glucosuria.?*?

Inhibition of SGLT-2 in the treatment
of type 2 diabetes mellitus
Selective SGLI-2 inhibitors reduce renal glucose
reabsorption by inhibiting SGLI-2 in the kidney, thus
reducing the maximum glucose transport capacity in
the proximal renal tubule and increasing renal glu-
cose excretion.” This results in a lower renal threshold
for glucose, so UGE occurs at a lower plasma glucose
concentration. The overall result is increased UGE and
decreased plasma glucose.” The magnitude of UGE
achieved with available SGLT-2 inhibitors in patients
with T2DM is 100 g/day for canagliflozin 100 mg or
300 mg, 70 g/day for dapagliflozin 5 mg or 10 mg,
and 64 g/day or 78 g/day for empagliflozin 10 mg and
25 mg, respectively.'*'6

Because the action of selective SGLT-2 inhibitors
is dependent on blood glucose levels and indepen-
dent of the action of insulin, these agents have mini-
mal potential for hypoglycemia.® Since the mode of

action of SGLT-2 inhibitors relies on renal glomerular-
tubular function, their effectiveness may be reduced
in individuals with renal impairment.?

Increased UGE caused by SGLT-2 inhibitors is
associated with osmotic diuresis as a result of a tran-
sient increase in urinary volume.'*'® SGLT-2 inhibi-
tors are associated with an increased risk of adverse
events related to osmotic diuresis (eg, polyuria, urinary
frequency). Therefore, proactive consideration of intra-
vascular volume and fluid balance issues is impor-
tant with the use of these agents to monitor for and
prevent possible adverse events such as dehydration
and orthostatic hypotension.'*'® The increased glucose
concentrations in the urine caused by SGLI-2 inhibi-
tors may also predispose patients to genitourinary
infections (predominantly vulvovaginal candidiasis
among women)."”

SUMMARY

The elevated renal threshold for glucose in patients
with type 2 diabetes mellitus became a key therapeutic
target upon discovery of the sodium glucose cotrans-
porter system. The SGLT-2 inhibitors reduce renal glu-
cose reabsorption, leading to a lower plasma glucose
concentration. As a consequence of their mechanism
of glucose lowering, the SGLT-2 inhibitors have mini-
mal potential for hypoglycemia but are associated
with adverse events consistent with their mechanism
of action, ie, genital mycotic infections and increased
volume or frequency of urination. ®
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Overview of the Efficacy and Safety
of SGLT-2 Inhibitors in Type 2

Diabetes Mellitus

Eden M. Miller, DO

ROLE OF SGLT-2 INHIBITORS ACROSS

THE SPECTRUM OF TYPE 2 DIABETES
MANAGEMENT

Since the approval of the first sodium-glucose cotrans-
porter-2 (SGLT-2) inhibitor by the US Food and Drug
Administration (FDA) in 2013, the SGLT-2 inhibitors
have assumed key roles in the management of patients
with type 2 diabetes mellitus (T2DM). Because their
mechanism of action is in the kidney and indepen-
dent of beta cell function, SGLT-2 inhibitors may be
used at any stage of T2DM, even after insulin secre-
tion has declined significantly.! All 3 SGLT-2 inhibitors,
canagliflozin, dapagliflozin, and empagliflozin, have
been approved by the FDA for use as an adjunct to
diet and exercise to improve glycemic control in adults
with T2DM.?* Empagliflozin was recently approved to
reduce the risk of cardiovascular (CV) death in adults
with T2DM and established CV disease.* Current
guidelines suggest SGLT-2 inhibitors could be used as
monotherapy in patients who do not tolerate or have
a contraindication to metformin.'® In addition, SGLT-2
inhibitors are recommended as an option for dual and
triple combination therapy with any antihyperglyce-
mic medications, including insulin."®

Supplement to The Journal of Family Practice

CLINICAL EXPERIENCE WITH SGLT-2
INHIBITORS

Glycemic and non-glycemic effects

The use of SGLT-2 inhibitor therapy across the spec-
trum of managing patients with T2DM is based on
extensive experience from randomized, double-
blind, clinical trials. As monotherapy or in combi-
nation with metformin, SGLT-2 inhibitor therapy
significantly reduced the hemoglobin Alc (HbAlc)
compared with placebo (FIGURE 1A).!! In head-to-
head studies versus a sulfonylurea, SGLT-2 inhibitor
therapy provides similar reductions of HbAlc at 52
weeks, except for canagliflozin 300 mg, which resulted
in a significantly greater reduction in HbAlc compared
with glimepiride (FIGURE 1B).”>'* Greater reduction
in HbAlc was also noted with canagliflozin 300 mg
compared with sitagliptin 100 mg when added to met-
formin in patients with T2DM.® As noted with other
antihyperglycemic medications, larger reductions in
HbAlc are observed in patients with higher baseline
HbAlc. Smaller reductions in HbAlc are generally
observed with older vs younger adults, ie, age >65 years
vs <65 years, likely because of declining renal function
with advancing age.>*'* As monotherapy or as part of
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[ZIE0ET=EE] Effects of SGLT-2 inhibitors on HbA1c
as monotherapy and in combination with metformin®-

0.20% -

0.00%

A. Placebo-controlled studies (24 to 26 weeks)

-0.20% -

-0.40% -

-0.60% -

-0.80% -

Change in HbA1c from baseline (%)

-1.00% -

-1.20% -

0.0%

-0.2% —{

-0.4% —

-0.6% —|

-0.8% —

Change in HbA1c from baseline (%)

-1.0% —

-0.82%

-0.93%

Canagliflozin 100 mg.
[ | Canagliflozin 300 mg.
[ | Dapagliflozin, patients received 2.5 mg initially and were titrated to 5 mg, then 10 mg, if

needed (mean daily dose of 9.2 mg).
M Empaglifiozin 25 mg.

Sulfonylurea comparator. For the canagliflozin study, the comparator was glimepiride

1-8 mg (mean daily dose of 5.6 mg). For the dapagliflozin study, the comparator was

glipizide 5, 10, or 20 mg (mean daily dose of 16.4 mg). For the empagliflozin study, the

comparator was glimepiride 1-4 mg (mean daily dose of 2.71 mg).

Monotherapy Add-on to metformin
Canagliflozin Dapagliflozin  Empagliflozin Canagliflozin Dapagliflozin  Empagliflozin
0.14%
0.08%
-0.17% 0.13%
-0.23%
-0.30%
-0.66% 0.70% -0.70%
-0.77% -0.77% -0.78% -0.79% -0.77%
-0.84%
-0.89%
-0.94%
-1.03%
Canagliflozin 100 mg Dapagliflozin 5 mg Empagliflozin 10 mg
[ | Canagliflozin 300 mg [ | Dapagliflozin 10 mg [ | Empagliflozin 25 mg Placebo
B. Compared with sulfonylurea (52 weeks)
Add-on to metformin
Canagliflozin Dapagliflozin Empagliflozin
T T 1
-0.52% -0.52%
-0.66%
-0.73%
-0.81%

Abbreviations: HbA1c, glycated hemoglobin; SGLT-2, sodium glucose cotransporter-2.

The values shown at the end of each bar represent the change in HbA1c (%) from baseline to

study end.
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dual or triple therapy, SGLT-2
inhibitors reduce HbAlc and
fasting and 2-hour postprandial
plasma glucose in patients with
T2DM (TABLE 1).510121416:39 [p
addition, canagliflozin 300 mg
given before a mixed meal has
been shown to delay intestinal
glucose absorption and reduce
postprandial glucose excur-
sions.’”*®4 The addition of an
SGLT-2 inhibitor to basal, bolus,
or basal-bolus insulin therapy
provides further HbAlc reduc-
tion.*** The amount of insulin
required also may be reduced,
particularly in patients requir-
ing high doses of insulin.! Other
benefits of SGLT-2 inhibitor
therapy include weight loss of 2
kg to 4 kg, reduction of systolic
blood pressure of 2 to 5 mm Hg,
and reduction of serum uric acid
of 13% to 15%.!1,3046

Safety and tolerability

Pooled analyses of each of the 3
SGLT-2 inhibitors show that they
are generally well tolerated, with
a small increase overall in the
incidence of treatment-related
adverse events (AEs) compared
with placebo.*”* While it is not
possible to compare rates of
AEs among the SGLT-2 inhibi-
tors because of a lack of head-
to-head trials of similar design,
discontinuation rates due to an
AE are low and equally likely
with an SGLT-2 inhibitor and a
placebo.

The incidence and severity
of hypoglycemia with SGLT-2
inhibitor therapy generally is
similar to placebo.b"12141636
Severe hypoglycemia is infre-
quent. The exception is when
an SGLT-2 inhibitor is added to
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Glycemic and non-glycemic effects of SGLT-2 inhibitors in type 2 diabetes mellitus®-1%16.18

Endpoint
HbA1c
Fasting plasma glucose

Effect of SGLT-2 inhibitor (compared with placebo)
0.3%-1.2% reduction

12 mg/dL-36 mg/dL reduction
36 mg/dL-59 mg/dL reduction

Postprandial glucose

Weight 1.9 kg-4 kg (4.2 I1b-8.8 Ib) reduction
Systolic blood pressure 2.1 mm Hg-5.2 mm Hg reduction
Lipids HDL: up to 13% increase

LDL: up to 8% increase

Triglycerides: up to 10% reduction

Abbreviations: HbA1c, glycated hemoglobin; HDL, high-density lipoprotein cholesterol; Ib, pounds; LDL, low-density lipoprotein cholesterol;
SGLT-2, sodium glucose cotransporter-2.

These data are from multiple studies with different designs and patient populations that compared an SGLT-2 inhibitor with placebo or a variety of
other glucose-lowering medications.

insulin or sulfonylurea therapy, in which case the inci-
dence of hypoglycemia is increased. Consequently, the
dose of insulin or sulfonylurea should be decreased
when an SGLT-2 inhibitor is added.*"*°

mycotic infection and urinary tract infection, as well
as several AEs related to osmotic diuresis (pollaki-
uria, polyuria) and volume depletion (postural diz-
ziness, orthostatic hypotension) (TABLE 2).** The

The unique mechanism of glucose-lowering of
SGLT-2 inhibitors via increased urinary glucose excre-
tion is associated with specific AEs, including genital

most prominent difference is seen in the rate of genital
mycotic infections in women, which is approximately
3 to 4 times higher with SGLT-2 inhibitor treatment

1r.:1037) Selected adverse events*’-4°

Canagliflozin (N=2313)*

Dapagliflozin (N=3731)* Empagliflozin (N=12,283)*

Placebo CAN CAN Placebo DAP DAP Placebo | EMP EMP

(%) 100 mg | 300 mg (%) 5 mg 10 mg (%) 10 mg 25 mg
(%) (%) (%) (%) (%) (%)

Genital mycotic infection®
Female 3.2 10.4 11.4 1.5 8.4 6.9 1.6 6.8 8.7
Male 0.6 4.2 3.7 0.3 2.8 2.7 0.8 3.4 3.7
Female 6.6 9.6 7.7 19.3 20.2 20.1
4 5.9 4.3

Male 1 1.6 0.8 3.3 3.8 4.6
1.1 1.2 1.3 0.4 0.6 0.8 14 1.5 1.5

Abbreviations: CAN, canagliflozin; DAP, dapagliflozin; EMP, empagliflozin; N, number.

aFor canagliflozin, includes vulvovaginal candidiasis, vulvovaginal mycotic infection, vulvovaginitis, vaginal infection, vulvitis, and genital infection
(fungal). For dapagliflozin, includes vulvovaginal mycotic infection, vaginal infection, balanitis, genital infection fungal, vulvovaginal candidiasis,
vulvovaginitis, balanitis Candida, genital candidiasis, genital infection, genital infection male, penile infection, vulvitis, balanoposthitis, balano-
posthitis infective, genitourinary tract infection, posthitis, vaginitis bacterial, and vulval abscess. For empagliflozin, vulvovaginal mycotic infection,
balanitis, and vulvovaginal candidiasis were the most common.

For canagliflozin, includes urinary tract infection, cystitis, kidney infection, and urosepsis. For dapagliflozin, includes urinary tract infection,
cystitis, Escherichia urinary tract infection, trigonitis, genitourinary tract infection, prostatitis, pyelonephritis, urethritis, and urinary tract infection
fungal. For empaglifiozin, urinary tract infection, cystitis, and asymptomatic bacteriuria were the most common.

°For canagliflozin, hypotension, dizziness postural, and orthostatic hypotension were the most common. For dapagliflozin, includes hypotension,
syncope, dehydration, urine flow decrease, blood pressure decrease, orthostatic hypotension, and urine output decreased. For empagliflozin, hypo-
tension, syncope, and orthostatic hypotension were the most common.
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compared with placebo, averaging 8.3% vs 1.8%,
respectively, across agents and studies.

Cardiovascular risk

The SGLT-2 inhibitors affect several risk factors for
CV disease, including reductions in systolic and dia-
stolic blood pressure, a small increase in low-density
lipoprotein (LDL) cholesterol and high-density lipo-
protein (HDL) cholesterol, and a small reduction
to no change in triglycerides (TABLE 1).5101618 The
clinical relevance of the increase in LDL-cholesterol
is uncertain based on the results of the EMPA-REG
OUTCOME (Empagliflozin Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus Patients)
trial, completed in 2015. EMPA-REG OUTCOME
was a CV safety study required by the FDA of all new
antihyperglycemic medications to demonstrate that
the new medication is not associated with an unac-
ceptable increase in CV risk compared with placebo
as part of standard care.®! The required clinical trial
must assess major adverse CV events (MACE), which
is a composite of CV death, nonfatal myocardial
infarction, and nonfatal stroke compared with pla-
cebo.’! Similar studies are being conducted for cana-
gliflozin (the CANVAS [Canagliflozin Cardiovascular
Assessment Study] and CANVAS-R [Canagliflozin
Cardiovascular Assessment Study-Renal] and dapa-
gliflozin (the DECLARE-TIMI58 [Multicenter Trial to
Evaluate the Effect of Dapagliflozin on the Incidence
of Cardiovascular Events]).%%

Results of the EMPA-REG OUTCOME trial showed
that empagliflozin not only posed no increased risk of
MACE but also was superior to placebo by significantly
reducing the incidence of MACE (hazard ratio 0.86,
95% confidence interval 0.74-0.99).5° The benefit was
primarily due to a significant reduction in CV and all-
cause death. These results led to the recent approval
of empagliflozin to reduce the risk of CV death in
adults with T2DM and established CV disease.! Other
benefits of empagliflozin observed in the EMPA-REG
OUTCOME trial included significant reductions in risk
of hospitalization for heart failure and kidney-related
outcomes.”*® The CV benefits of empagliflozin may
stem not only from metabolic effects but also from
favorable hemodynamic effects.*”*®

A pooled analysis of 21 studies suggests no
increased risk with dapagliflozin for the composite of
CV death, myocardial infarction, stroke, and hospital-

ization for unstable angina for up to 4 years.*® A com-
prehensive systematic review and meta-analysis of
regulatory submissions and published clinical trials
involving more than 33,000 patients showed no clear
evidence of differences among the SGLI-2 inhibitors
with respect to CV outcomes.*

Older adults

The safety and tolerability of SGLT-2 inhibitors in older
adults has been assessed in pooled analyses of phase 3
clinical trials. For canagliflozin, a higher incidence of
AEs leading to discontinuation occurred in adults aged
>65 years compared with those aged <65 years at doses
of 100 mg (8.8% vs 3.3%) and 300 mg (5.4% vs 3.2%),
respectively.®! While there was no difference in the risk
of urinary tract infection, genital mycotic infection, or
osmotic diuresis-related AEs, there were more volume
depletion-related AEs (eg, dizziness and hypotension)
in adults aged >65 years than aged <65 years at doses
of 100 mg (2.5% vs 0.9%) and 300 mg (2.0% vs 1.2%).
The incidence of AEs, including those related to vol-
ume depletion, was highest in adults aged >75 years."
In adults not on sulfonylurea therapy, the incidence
of hypoglycemia did not vary in those aged >65 years
compared with those aged <65 years, with either the
100 mg (4.1% vs 3.8%) or 300 mg (4.0% vs 4.3%) dose
of canagliflozin. Although the incidence of hypogly-
cemia was higher in adults who were on sulfonylurea
therapy, the incidence was similar between age groups
atboth doses.

A higher incidence of AEs leading to discontinua-
tion with increasing age was found in a pooled analy-
sis of 30 studies of dapagliflozin 10 mg (age <65 years,
5.9%; age >65 years, 14.4%; age >75 years, 26.8%).”
Urinary tract infection was nearly twice as common
in males aged >75 years than in males aged <65 years
(7.4% vs 4.0%, respectively). Volume-depletion AEs
were more common with increasing age (age <65
years, 1.7%; age =65 years, 2.3%; age =75 years, 3.1%).
There was no increased risk of falls with increasing age
associated with dapagliflozin. AEs related to kidney
function, primarily transient increases in serum creati-
nine, were more common with increasing age (age <65
years, 3.5%; age 265 years, 14.0%; age 275 years, 29.9%).
The incidence of hypoglycemia was similar among the
3 age groups.

A pooled analysis of clinical trials involving
empagliflozin showed a progressive increase in the
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frequency of volume depletion-related AEs with both
the 10 mg and 25 mg doses.* At the 25 mg dose, a vol-
ume depletion-related AE was observed in 1.2% of
patients aged <50 years, 1.0% of patients aged 50 to <65
years, 2.2% of patients aged 65 to <75 years, and 4.3% of
patients aged >75 years.

Bone and fractures

An interim analysis of results from the ongoing CAN-
VAS study reported that the incidence of fractures was
4.0% with canagliflozin and 2.6% with placebo.® The
fracture rates in patients treated with canagliflozin
were independent of sex, age (<65 years vs 265 years),
and renal function (estimated glomerular filtration rate
<60 mL/min/1.73 m? vs >60 mL/min/1.73 m?).
Fractures primarily involved the upper and lower
limbs.% This led the FDA to issue a drug safety warn-
ing and revise the labeling for canagliflozin to encour-
age consideration of factors that contribute to fracture
risk before initiating canagliflozin therapy.®® Factors
contributing to the increased fracture risk with cana-
gliflozin are unclear but could be related to the higher
risk populationin CANVAS, which consisted of patients
with a history of or at high risk of a CV event. A separate
prospective trial in older patients with T2DM showed
a small (1%) but statistically significant reduction with
canagliflozin after 2 years in total hip bone mineral
density compared with placebo, as well as weight loss-
related increases in both bone formation and resorp-
tion biomarkers with canagliflozin.** In contrast, no
changes were observed after 2 years with canagliflozin
treatment relative to placebo at other skeletal sites
(femoral neck, lumbar spine, and distal forearm).

The pooled analyses of dapagliflozin and empa-
gliflozin indicated no statistically significant increased
risk of fracture compared with placebo.*** However,
an increased incidence of bone fractures was observed
with dapagliflozin in a clinical trial involving patients
with impaired renal function® In the EMPA-REG
OUTCOME trial, a numerically higher rate of upper-
extremity fractures was observed with empagliflozin
compared with placebo.®

Other concerns

Since the introduction of SGLI-2 inhibitor therapy
in 2013, the FDA has issued drug safety communica-
tions regarding one or more SGLT-2 inhibitor medica-
tions based on postmarketing reports. These concern
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an increased risk of: 1) diabetic ketoacidosis (DKA)
and severe urinary tract infection (eg, pyelonephritis)
with canagliflozin, dapagliflozin, and empagliflozin®;
2) acute kidney injury with canagliflozin, dapagliflozin,
and empagliflozin, with many of the postmarketing
reports occurring within 1 month of starting the drug
and with most patients improved after stopping it*%;
and 3) leg and foot amputations, primarily of the toes,
with canagliflozin, although an association with cana-
gliflozin has yet to be confirmed.® In clinical studies,
the incidence of DKA was less than 0.1% and similar
to placebo.* The completed and ongoing large CV
safety studies will further define the efficacy and safety
profile of SGLT-2 inhibitors.

Monitoring

During treatment with an SGLT-2 inhibitor, patients
should be monitored for hypotension, acute kidney
injury, impairment in renal function, hyperkalemia,
urosepsis, pyelonephritis, hypoglycemia, genital
mycoticinfections, increased LDL-C, ketoacidosis, and
hypersensitivity reactions (angioedema, urticaria).

Cost-effectiveness

Several analyses have been conducted in a variety of
settings to determine the cost-effectiveness of SGLT-2
inhibitor therapy compared with other classes of
medications, as well as among the SGLT-2 inhibitors.
These analyses show SGLT-2 inhibitor therapy to be
cost-effective compared with sulfonylureas or dipep-
tidyl peptidase-4 inhibitors as second- and third-line
therapy in patients with T2DM, with an incremen-
tal cost-effectiveness ratio below accepted thresh-
olds.™ " Cost-effectiveness analyses have also shown
that, when added to dual oral therapy, canagliflozin
was found to be cost-effective compared with the
addition of neutral protamine Hagedorn (NPH)
insulin.”™

SUMMARY

SGLT-2 inhibitors have been shown to be effec-
tive and well tolerated as monotherapy and in
combination with other antihyperglycemic medica-
tions, including metformin, in patients with T2DM.
Similar reductions in HbAlc at 52 weeks have been
observed with SGLI-2 inhibitors compared with
sulfonylureas, except that canagliflozin 300 mg has
been shown to result in greater HbAlc reduction
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compared with sitagliptin and glimepiride. Available
evidence indicates CV benefit with empagliflozin,
leading to its recent approval to reduce the risk of CV
death in adults with T2DM and established CV disease.
CV trials involving canagliflozin and dapagliflozin are
ongoing. The incidence of hypoglycemia is generally
similar to placebo. Genital mycotic infection, urinary
tract infection, and those related to osmotic diure-
sis and volume depletion are observed with SGLT-2
inhibitors. Those related to volume depletion are
more common in older patients (ages >65 years) than
younger patients. Investigation into other safety signals
based on clinical studies and postmarketing reports is
ongoing. @

REFERENCES

1.

10.

11.

12.

S10

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyper-
glycemia in type 2 diabetes, 2015: a patient-centered approach: up-
date to a position statement of the American Diabetes Association
and the European Association for the Study of Diabetes. Diabetes
Care. 2015;38(1):140-149.

. Invokana [package insert]. Titusville, NJ: Janssen Pharmaceuticals,

Inc.; 2016.

. Farxiga [package insert]. Wilmington, DE: AstraZeneca Pharma-

ceuticals LP; 2016.

. Jardiance [package insert]. Ridgefield, CT: Boehringer Ingelheim

Pharmaceuticals, Inc.; 2016.

. Garber AJ, Abrahamson M], Barzilay JI, et al; American Association

of Clinical Endocrinologists (AACE); American College of Endocri-
nology (ACE). Consensus Statement by the American Association
of Clinical Endocrinologists and American College of Endocrinol-
ogy on the Comprehensive Type 2 Diabetes Management Algo-
rithm—2016 Executive Summary. Endocr Pract. 2016;22(1):84-113.

. Stenlof K, Cefalu WT, Kim K-A, et al. Efficacy and safety of cana-

gliflozin monotherapy in subjects with type 2 diabetes mellitus in-
adequately controlled with diet and exercise. Diabetes Obes Metab.
2013;15(4):372-382.

. Ferrannini E, Ramos §J, Salsali A, Tang W, List JE Dapagliflozin

monotherapy in type 2 diabetic patients with inadequate glycemic
control by diet and exercise: a randomized, double-blind, placebo-
controlled, phase 3 trial. Diabetes Care. 2010;33(10):2217-2224.

. Roden M, Weng J, Eilbracht J, et al; EMPA-REG MONO trial in-

vestigators. Empagliflozin monotherapy with sitagliptin as an ac-
tive comparator in patients with type 2 diabetes: a randomised,
double-blind, placebo-controlled, phase 3 trial. Lancet Diabetes
Endocrinol. 2013;1(3):208-219.

. Lavalle-Gonzalez FJ, Januszewicz A, Davidson J, et al. Efficacy and

safety of canagliflozin compared with placebo and sitagliptin in pa-
tients with type 2 diabetes on background metformin monothera-
py: a randomised trial. Diabetologia. 2013;56(12):2582-2592.
Bailey CJ, Gross JL, Pieters A, Bastien A, List JE Effect of dapa-
gliflozin in patients with type 2 diabetes who have inadequate
glycaemic control with metformin: a randomised, double-blind,
placebo-controlled trial. Lancet. 2010;375(9733):2223-2233.
Haring HU, Merker L, Seewaldt-Becker E, et al; EMPA-REG MET
Trial Investigators. Empagliflozin as add-on to metformin in pa-
tients with type 2 diabetes: a 24-week, randomized, double-blind,
placebo-controlled trial. Diabetes Care. 2014;37(6):1650-1659.
Cefalu WT, Leiter LA, Yoon KH, et al. Efficacy and safety of cana-
gliflozin versus glimepiride in patients with type 2 diabetes inade-

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

quately controlled with metformin (CANTATA-SU): 52 week results
from a randomised, double-blind, phase 3 non-inferiority trial.
Lancet. 2013;382(9896):941-950.

Nauck MA, Del Prato S, Meier JJ, et al. Dapagliflozin versus glipizide
as add-on therapy in patients with type 2 diabetes who have inad-
equate glycemic control with metformin: a randomized, 52-week,
double-blind, active-controlled noninferiority trial. Diabetes Care.
2011;34(9):2015-2022.

Ridderstrale M, Andersen KR, Zeller C, Kim G, Woerle HJ, Broedl
UC; EMPA-REG H2H-SU trial investigators. Comparison of em-
pagliflozin and glimepiride as add-on to metformin in patients
with type 2 diabetes: a 104-week randomised, active-controlled,
double-blind, phase 3 trial. Lancet Diabetes Endocrinol. 2014;2(9):
691-700.

Sinclair AJ, Bode B, Harris S, et al. Efficacy and safety of cana-
gliflozin in individuals aged 75 and older with type 2 diabetes mel-
litus: a pooled analysis. ] Am Geriatr Soc. 2016;64(3):543-552.
Stenlof K, Cefalu WT, Kim KA, et al. Long-term efficacy and safety of
canagliflozin monotherapy in patients with type 2 diabetes in-
adequately controlled with diet and exercise: findings from the
52-week CANTATA-M study. Curr Med Res Opin. 2014;30(2):
163-175.

Bailey CJ, Morales Villegas EC, Woo V, Tang W, Ptaszynska A, List
JE. Efficacy and safety of dapagliflozin monotherapy in people with
type 2 diabetes: a randomized double-blind placebo-controlled
102-week trial. Diabet Med. 2015;32(4):531-541.

Roden M, Merker L, Christiansen AV, et al; EMPA-REG EXTEND™
MONO investigators. Safety, tolerability and effects on cardiometa-
bolic risk factors of empagliflozin monotherapy in drug-naive pa-
tients with type 2 diabetes: a double-blind extension of a Phase IIT
randomized controlled trial. Cardiovasc Diabetol. 2015;14:154.
Schernthaner G, Gross JL, Rosenstock J, et al. Canagliflozin com-
pared with sitagliptin for patients with type 2 diabetes who do not
have adequate glycemic control with metformin plus sulfonylurea:
A 52-week randomized trial. Diabetes Care. 2013;36(9):2508-2515.
Bode B, Stenlof K, Harris S, et al. Long-term efficacy and safety of
canagliflozin over 104 weeks in patients aged 55-80 years with type
2 diabetes. Diabetes Obes Metab. 2015;17(3):294-303.

Leiter LA, Yoon KH, Arias P, et al. Canagliflozin provides durable
glycemic improvements and body weight reduction over 104
weeks versus glimepiride in patients with type 2 diabetes on met-
formin: a randomized, double-blind, phase 3 study. Diabetes Care.
2015;38(3):355-364.

Forst T, Guthrie R, Goldenberg R, et al. Efficacy and safety of
canagliflozin over 52 weeks in patients with type 2 diabetes on
background metformin and pioglitazone. Diabetes Obes Metab.
2014;16(5):467-477.

Wilding JPH, Charpentier G, Hollander P, et al. Efficacy and safety of
canagliflozin in patients with type 2 diabetes mellitus inadequately
controlled with metformin and sulphonylurea: a randomised trial.
Int] Clin Pract. 2013;67(12):1267-1282.

Del Prato S, Nauck M, Duran-Garcia S, et al. Long-term glycaemic
response and tolerability of dapagliflozin versus a sulphonylurea
as add-on therapy to metformin in patients with type 2 diabetes:
4-year data. Diabetes Obes Metab. 2015;17(6):581-590.

Nauck MA, Del Prato S, Durdn-Garcia S, et al. Durability of gly-
caemic efficacy over 2 years with dapagliflozin versus glipizide
as add-on therapies in patients whose type 2 diabetes mellitus is
inadequately controlled with metformin. Diabetes Obes Metab.
2014;16(11):1111-1120.

Rosenstock]J, Vico M, Wei L, Salsali A, List JE. Effects of dapagliflozin,
an SGLT2 inhibitor, on HbA(1c), body weight, and hypoglycemia
risk in patients with type 2 diabetes inadequately controlled on pio-
glitazone monotherapy. Diabetes Care. 2012;35(7):1473-1478.
Mathieu C, Ranetti AE, Li D, et al. Randomized, double-blind,
phase 3 trial of triple therapy with dapagliflozin add-on to saxa-
gliptin plus metformin in type 2 diabetes. Diabetes Care. 2015;
38(11):2009-2017.

FEBRUARY 2017 | Vol 66, No 2 | Supplement to The Journal of Family Practice



28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

Matthaei S, Bowering K, Rohwedder K, SuggJ, Parikh S, Johnsson E;
Study 05 Group. Durability and tolerability of dapagliflozin over 52
weeks as add-on to metformin and sulphonylurea in type 2 diabe-
tes. Diabetes Obes Metab. 2015;17(11):1075-1084.

Merovci A, Mari A, Solis C, et al. Dapagliflozin lowers plasma glu-
cose concentration and improves 3-cell function. J Clin Endocrinol
Metab. 2015;100(5):1927-1932.

Bailey CJ, Gross JL, Hennicken D, Igbal N, Mansfield TA, List JE
Dapagliflozin add-on to metformin in type 2 diabetes inadequately
controlled with metformin: a randomized, double-blind, placebo-
controlled 102-week trial. BMC Med. 2013;11:43.

Bolinder J, Ljunggren O, Johansson L, et al. Dapagliflozin maintains
glycaemic control while reducing weight and body fat mass over 2
years in patients with type 2 diabetes mellitus inadequately con-
trolled on metformin. Diabetes Obes Metab. 2014;16(2):159-169.
Ferrannini E, Berk A, Hantel S, et al. Long-term safety and efficacy
of empagliflozin, sitagliptin, and metformin: an active-controlled,
parallel-group, randomized, 78-week open-label extension study
in patients with type 2 diabetes. Diabetes Care. 2013;36(12):
4015-4021.

Merker L, Haring HU, Christiansen AV, et al; EMPA-REG EXTEND
MET investigators. Empagliflozin as add-on to metformin in people
with type 2 diabetes. Diabet Med. 2015;32(12):1555-1567.

Haering HU, Merker L, Christiansen AV, et al; EMPA-REG EXTEND™
METSU investigators. Empagliflozin as add-on to metformin plus
sulphonylurea in patients with type 2 diabetes. Diabetes Res Clin
Pract. 2015;110(1):82-90.

Kovacs CS, Seshiah V, Merker L, et al; EMPA-REG EXTEND™ PIO
investigators. Empagliflozin as add-on therapy to pioglitazone with
or without metformin in patients with type 2 diabetes mellitus. Clin
Ther. 2015;37(8):1773-1788.

Héring HU, Merker L, Seewaldt-Becker E, et al; EMPA-REG METSU
Trial Investigators. Empagliflozin as add-on to metformin plus
sulfonylurea in patients with type 2 diabetes: a 24-week, ran-
domized, double-blind, placebo-controlled trial. Diabetes Care.
2013;36(11):3396-3404.

Stein P, Berg JK, Morrow L, et al. Canagliflozin, a sodium glucose
co-transporter 2 inhibitor, reduces post-meal glucose excursion in
patients with type 2 diabetes by a non-renal mechanism: results of
arandomized trial. Metabolism. 2014;63(10):1296-1303.

Sha S, Polidori D, Farrell K, et al. Pharmacodynamic differ-
ences between canagliflozin and dapagliflozin: results of a ran-
domized, double-blind, crossover study. Diabetes Obes Metab.
2015;17(2):188-197.

Nishimura R, Tanaka Y, Koiwai K, et al. Effect of empagliflozin
monotherapy on postprandial glucose and 24-hour glucose vari-
ability in Japanese patients with type 2 diabetes mellitus: a random-
ized, double-blind, placebo-controlled, 4-week study. Cardiovasc
Diabetol. 2015;14:11.

Polidori D, Sha S, Mudaliar S, et al. Canagliflozin lowers post-
prandial glucose and insulin by delaying intestinal glucose ab-
sorption in addition to increasing urinary glucose excretion:
results of a randomized, placebo-controlled study. Diabetes Care.
2013;36(8):2154-2161.

Wilding JP, Norwood P, T'joen C, Bastien A, List JE, Fiedorek FT.
A study of dapagliflozin in patients with type 2 diabetes receiv-
ing high doses of insulin plus insulin sensitizers: applicability of a
novel insulin-independent treatment. Diabetes Care. 2009;32(9):
1656-1662.

Neal B, Perkovic V, de Zeeuw D, et al; CANVAS Trial Collabora-
tive Group. Efficacy and safety of canagliflozin, an inhibitor of
sodium-glucose cotransporter 2, when used in conjunction with
insulin therapy in patients with type 2 diabetes. Diabetes Care.
2015;38(3):403-411.

Wilding JP, Woo V, Soler NG, et al; Dapagliflozin 006 Study Group.
Long-term efficacy of dapagliflozin in patients with type 2 diabetes
mellitus receiving high doses of insulin: a randomized trial. Ann In-
tern Med. 2012;156(6):405-415.

Supplement to The Journal of Family Practice

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

[EFFICACY AND SAFETY OF SGLT-2 INHIBITORS}F———

Rosenstock J, Jelaska A, Frappin G, et al; EMPA-REG MDI Trial
Investigators. Improved glucose control with weight loss, lower
insulin doses, and no increased hypoglycemia with empagliflozin
added to titrated multiple daily injections of insulin in obese
inadequately controlled type 2 diabetes. Diabetes Care. 2014;37(7):
1815-1823.

Rosenstock J, Jelaska A, Zeller C, Kim G, Broedl UC, Woerle HJ;
EMPA-REG BASALTM trial investigators. Impact of empagliflozin
added on to basal insulin in type 2 diabetes inadequately controlled
on basal insulin: a 78-week randomized, double-blind, placebo-
controlled trial. Diabetes Obes Metab. 2015;17(10):936-948.

Davies MJ, Trujillo A, Vijapurkar U, Damaraju CV, Meininger G. Ef-
fect of canagliflozin on serum uric acid in patients with type 2 dia-
betes mellitus. Diabetes Obes Metab. 2015;17(4):426-429.

Usiskin K, Kline I, Fung A, Mayer C, Meininger G. Safety and tol-
erability of canagliflozin in patients with type 2 diabetes mel-
litus: pooled analysis of phase 3 study results. Postgrad Med.
2014;126(3):16-34.

Ptaszynska A, Johnsson KM, Parikh SJ, de Bruin TW, Apanovitch
AM, List JE Safety profile of dapagliflozin for type 2 diabetes: pooled
analysis of clinical studies for overall safety and rare events. Drug
Saf. 2014;37(10):815-829.

Kohler S, Salsali A, Hantel S, et al. Safety and tolerability of em-
pagliflozin in patients with type 2 diabetes. Clin Ther. 2016;38(6):
1299-1313.

Bolen S, Tseng E, Hutfless S, et al. Agency for Healthcare Research
and Quality. Diabetes Medications for Adults with Type 2 Diabe-
tes: An Update. Comparative Effectiveness Review No. 173. https://
www.effectivehealthcare.ahrq.gov/ehc/products/607/2215/diabe-
tes-update-2016-report.pdf. Published 2016. Accessed December
29, 2016.

US Food and Drug Administration. Guidance for industry: Dia-
betes mellitus—Evaluating Cardiovascular Risk in New Anti-
diabetic Therapies to Treat Type 2 Diabetes. http://www.fda.gov/
downloads/Drugs/GuidanceComplianceRegulatoryInformation/
Guiddances/ucm071627.pdf. Published 2008. Accessed December
29, 2016.

Neal B, Perkovic V, de Zeeuw D, et al. Rationale, design, and base-
line characteristics of the Canagliflozin Cardiovascular Assessment
Study (CANVAS)--a randomized placebo-controlled trial. Am
Heart]. 2013;166(2):217-223.

ClinicalTrials gov. A study of the effects of canagliflozin (JNJ-
28431754) on renal endpoints in adult participants with type 2 dia-
betes mellitus (CANVAS-R). https://clinicaltrials.gov/ct2/show/
NCT01989754?term=canvas-r&rank=1. Published 2016. Accessed
December 29, 2016.

ClinicalTrials gov. Multicenter trial to evaluate the effect of dapa-
gliflozin on the incidence of cardiovascular events (DECLARE-
TIMI58). https://www.clinicaltrials.gov/ct2/show/NCT01730534?t
erm=TIMI+declare&rank=1. Published 2016. Accessed December
29, 2016.

Zinman B, Wanner C, Lachin JM, et al; EMPA-REG OUTCOME In-
vestigators. Empagliflozin, cardiovascular outcomes, and mortality
in type 2 diabetes. N Engl ] Med. 2015;373(22):2117-2128.

Wanner C, Inzucchi SE, Lachin JM, et al; EMPA-REG OUTCOME
Investigators. Empagliflozin and progression of kidney disease in
type 2 diabetes. N Engl ] Med. 2016;375(4):323-334.

Tikkanen I, Narko K, Zeller C, et al; EMPA-REG BP Investigators.
Empagliflozin reduces blood pressure in patients with type 2 diabe-
tes and hypertension. Diabetes Care. 2015;38(3):420-428.

Chilton R, Tikkanen I, Cannon CP, et al. Effects of empagliflozin
on blood pressure and markers of arterial stiffness and vascular
resistance in patients with type 2 diabetes. Diabetes Obes Metab.
2015;17(12):1180-1193.

Fioretto P, Mansfield TA, Ptaszynska A, Yavin Y, Johnsson E, Parikh
S. Long-term safety of dapagliflozin in older patients with type 2
diabetes mellitus: a pooled analysis of phase iib/iii studies. Drugs
Aging. 2016;33(7):511-522.

Vol 66, No 2 | FEBRUARY 2017 S11



—{EFFICACY AND SAFETY OF SGLT-2 INHIBITORS]

60.

61.

62.

63.

64.

65.

66.

67.

68.

S12

Wu JH, Foote C, Blomster J, et al. Effects of sodium-glucose co-
transporter-2 inhibitors on cardiovascular events, death, and
major safety outcomes in adults with type 2 diabetes: a system-
atic review and meta-analysis. Lancet Diabetes Endocrinol. 2016;4
(5):411-419.

Sinclair A, Bode B, Harris S, et al. Efficacy and safety of canagliflozin
compared with placebo in older patients with type 2 diabetes mel-
litus: a pooled analysis of clinical studies. BMC Endocr Disord.
2014;14:37.

Watts NB, Bilezikian JP, Usiskin K, et al. Effects of canagliflozin on
fracture risk in patients with type 2 diabetes mellitus. J Clin Endocri-
nol Metab. 2016;101(1):157-166.

US Food and Drug Administration. FDA Drug Safety Communica-
tion: FDA revises label of diabetes drug canagliflozin (Invokana,
Invokamet) to include updates on bone fracture risk and new in-
formation on decreased bone mineral density. http://www.fda.
gov/Drugs/DrugSafety/ucm461449.htm. Published 2015. Accessed
December 29, 2016.

Bilezikian JP, Watts NB, Usiskin K, et al. Evaluation of bone min-
eral density and bone biomarkers in patients with type 2 diabe-
tes treated with canagliflozin. J Clin Endocrinol Metab. 2016;101
(1):44-51.

US Food and Drug Administration. FDA Briefing Document. En-
docrine and Metabolic Drug Advisory Committee Meeting. June
28, 2016. http://www.fda.gov/downloads/AdvisoryCommittees/
CommitteesMeetingMaterials/Drugs/EndocrinologicandMeta-
bolicDrugsAdvisoryCommittee/UCM508422.pdf. Published 2016.
Accessed December 29, 2016.

US Food and Drug Administration. FDA Drug Safety Commu-
nication: FDA revises labels of SGLT2 inhibitors for diabetes to
include warnings about too much acid in the blood and seri-
ous urinary tract infections. http://www.fda.gov/Drugs/Drug-
Safety/ucm475463.htm. Published 2016. Accessed December
29, 2016.

US Food and Drug Administration. FDA Drug Safety Communi-
cation: FDA strengthens kidney warnings for diabetes medicines
canagliflozin (Invokana, Invokamet), and dapagliflozin (Farxiga,
Xigduo XR). http://www.fda.gov/Drugs/DrugSafety/ucm505860.
htm. Published 2016. Accessed December 29, 2016.

US Food and Drug Administration. FDA Drug Safety Communica-
tion: Interim clinical trial results find increased risk of leg and foot
amputations, mostly affecting the toes, with the diabetes medicine
canagliflozin (Invokana, Invokamet); FDA to investigate. http://
www.fda.gov/Drugs/DrugSafety/ucm500965.htm. Published 2016.
Accessed December 29, 2016.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Erondu N, Desai M, Ways K, Meininger G. Diabetic ketoacidosis
and related events in the canagliflozin type 2 diabetes clinical pro-
gram. Diabetes Care. 2015;38(9):1680-1686.

Tzanetakos C, Tentolouris N, Kourlaba G, Maniadakis N. Cost-
effectiveness of dapagliflozin as add-on to metformin for the
treatment of type 2 diabetes mellitus in Greece. Clin Drug
Investig. 2016;36(8):649-659.

Sabapathy S, Neslusan C, Yoong K, Teschemaker A, Johansen P,
Willis M. Cost-effectiveness of canagliflozin versus sitagliptin when
added to metformin and sulfonylurea in type 2 diabetes in Canada.
J Popul Ther Clin Pharmacol. 2016;23(2):e151-e168.

Charokopou M, McEwan P, Lister S, et al. The cost-effectiveness
of dapagliflozin versus sulfonylurea as an add-on to metformin in
the treatment of type 2 diabetes mellitus. Diabet Med. 2015;32(7):
890-898.

Charokopou M, McEwan P, Lister S, et al. Cost-effectiveness of
dapagliflozin versus DPP-4 inhibitors as an add-on to metformin
in the treatment of type 2 diabetes mellitus from a UK healthcare
system perspective. BMC Health Serv Res. 2015;15:496.

Sabale U, Ekman M, Granstrom O, Bergenheim K, McEwan P. Cost-
effectiveness of dapagliflozin (Forxiga®) added to metformin com-
pared with sulfonylurea added to metformin in type 2 diabetes in
the Nordic countries. Prim Care Diabetes. 2015;9(1):39-47.

Pititto L, Neslusan C, Teschemaker AR, et al. Cost-Effectiveness of
canagliflozin (cana) versus sitagliptin (sita) as add-on to metformin
plus sulfonylurea in patients with type 2 diabetes mellitus (T2DM)
in Brazil. Value Health. 2015;18(7):A864.

Sénchez-Covisa J, Capel M, Schmidt R, Charokopou M, Verheggen
BG. The cost-effectiveness of dapagliflozin in combination with in-
sulin for the treatment of type 2 diabetes mellitus (T2DM) in Spain.
Value Health. 2014;17(7):A350.

Huicochea-Bartelt JL, Vargas-Valencia JJ, Herran S. Cost-effective-
ness (CE) analysis of empagliflozin 25mg versus sitagliptin 100mg
in the treatment of patients with type 2 diabetes mellitus (T2DM)
when added to metformin (MET) from a Mexican public institu-
tional context. Value Health. 2015;18(3):A61.

Sabapathy S, Neslusan C, Yoong K, Teschemaker AR, Johansen P,
Willis M. The cost-effectiveness of canagliflozin versus sitagliptin as
third-line therapy in type 2 diabetes mellitus (T2DM) in a Canadian
setting. Value Health. 2015;18(3):A61.

Szmurlo D, Drzal R, Plisko R, Schubert A, Skrzekowska-Baran I.
Cost effectiveness evaluation of canagliflozin in combination with
metformin and sulfonylurea in comparison to NPH insulin in
the treatment of type 2 diabetes mellitus in Poland. Value Health.
2014;17(7):A351.

FEBRUARY 2017 | Vol 66, No 2 | Supplement to The Journal of Family Practice



Individualizing Treatment
With SGLT-2 Inhibitor Therapy
in Type 2 Diabetes Mellitus

Eden M. Miller, DO

GENERAL PRINCIPLES

The largely self-managed nature of type 2 diabetes
mellitus (T2DM) underscores the importance of a col-
laborative decision-making process between patient
and provider that best aligns the medication charac-
teristics with the needs, interests, and abilities of the
patient and with the treatment goals."? The treatment
regimen should be kept as simple as possible. Medi-
cation characteristics include efficacy in lowering the
fasting and postprandial blood glucose levels and,
consequently, the glycated hemoglobin Alc (HbAlc)
mechanism of action; glycemic durability (time from
initiation of treatment until maximal dose no lon-
ger achieves the glycemic target); risk of inducing
hypoglycemia; effect on weight; patient tolerability;
other adverse events; effects on nonglycemic end-
points such as blood pressure and blood lipids; ease
of use; and cost-effectiveness. Patient characteristics
include lifestyle; comorbidities such as cardiovascu-
lar (CV), kidney, or liver disease; potential for adher-
ence; weight; hypoglycemia awareness; and ability
and willingness to self-manage.?

CONSIDERATIONS WHEN USING SGLT-2
INHIBITOR THERAPY

This article applies these general principles to the use
of sodium glucose cotransporter-2 inhibitor (SGLT-2)
inhibitor therapy based on evidence from published
studies and clinical experience of the author.

CASE SCENARIO #1

OT is a 53-year-old female diagnosed with T2DM 3 months
ago. At diagnosis, her HbA1c was 8.7%, blood pressure
(BP) 136/86 mm Hg, body weight 179 Ib (body mass index
30.8 kg/m?) with a normal lipid profile; and estimated
glomerular filtration rate (€GFR) 74 mL/minute/1.73 m2.
She had no evidence of retinopathy. She was started on
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metformin twice daily, titrating up to 1000 mg over
2 weeks. OT and her primary care provider (PCP) dis-
cussed her lifestyle habits and agreed upon a plan to
modify her diet and increase her physical activity.

She was seen 1 and 3 months after initiating met-
formin and lifestyle intervention. At the 3-month visit,
her HbA1c was 7.7%, while her fasting plasma glucose
(FPG) ranged from 102 mg/dL to 146 mg/dL over the pre-
vious 2 weeks and her postprandial glucose (PPG) from
194 mg/dL to 238 mg/dL.

Discussion: OT and her PCP discuss the options for use
in combination with metformin (TABLE).?*? The dipeptidyl
peptidase-4 (DPP-4) inhibitor, glucagon-like peptide-1
receptor agonist (GLP-1RA), SGLT-2 inhibitor, sulfonylurea,
and thiazolidinedione classes of medications all have a
mechanism of action that is complementary to metformin.
OT states that her primary concern is avoiding hypoglyce-
mia; in addition, she would like to lose weight. For these
reasons, they focus their discussion on GLP-1RAs and
SGLT-2 inhibitors. Her PCP also notes that both GLP-1
RAs and SGLT-2 inhibitors are associated with small
to modest reductions in systolic BP (1.7 mm Hg to
6.8 mm Hg and 2.4 mm Hg to 8.5 mm Hg, respectively),
which may be desirable in her case.* They also talk about
key safety and tolerability issues.

CASE SCENARIO #2

RH is a 67-year-old male who presents to the emer-
gency department complaining of nausea and vomiting.
He had checked his blood sugar a half-hour before and
found it to be 286 mg/dL. He states he had been driving
to the local area over the last 2 days and was not drink-
ing much fluids because he did not want to stop driving
to urinate; he had also stopped taking his diuretic. His
vital signs are BP 114/62 mm Hg, pulse 88 beats per
minute, respiratory rate 18 breaths per minute, tempera-
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Key characteristics of selected antihyperglycemic medications?32

Risk of
hypoglycemia

Glycemic Effect on Key safety and tolerability issues

durability weight

DPP-4 ++ > Low
inhibitor

Acute pancreatitis; acute renal failure (sita);
allergic/hypersensitivity reactions; arthralgia;
heart failure (saxa, alo); hepatic failure (alo);
hypoglycemia with SU or insulin

High

GLP-1RA | ++/+++ 1 Low Medullary thyroid cancer (alb, dula, ex QW, lira);
Multiple Endocrine Neoplasia syndrome (alb,
dula, ex QW, lira); thyroid C-cell tumors (alb,
dula, ex QW, lira); pancreatitis; renal impairment;
gastroparesis (alb, dula, ex QW); hypersensitivity
reactions; injection-site reactions (ex QW);
hypoglycemia with SU or insulin; nausea,
vomiting, diarrhea

High

SGLT-2 | ++/+++ 1 Low

inhibitor

Severe renal impairment, ESRD, dialysis;
hypotension; ketoacidosis; acute kidney
injury/renal impairment; hyperkalemia (cana);
urosepsis/pyelonephritis; genital mycotic
infection; 1LDL-C; bladder cancer (dapa); bone
fracture; hypoglycemia with SU or insulin

High

SuU + T Moderate Sulfonamide hypersensitivity (glim, glyb); Low
hypoglycemia; hypersensitivity reactions;

hemolytic anemia weight gain

TZD ++ T Low Heart failure; ischemic CV events (rosi); Low
hepatic failure; bladder cancer (pio); edema/
weight gain; fractures; macular edema;
decreased hemoglobin/hematocrit;

hypoglycemia with SU or insulin

Abbreviations: alb, albiglutide; alo, alogliptin; cana, canagliflozin; CV, cardiovascular; dapa, dapagliflozin; DPP-4, dipeptidyl peptidase-4;

dula, dulaglutide; ex QW, exenatide once-weekly; ESRD, end-stage renal disease; glim, glimepiride; GLP-1RA, glucagon-like peptide-1 receptor
agonist; glyb, glyburide; LDL-C, low-density lipoprotein cholesterol; lira, liraglutide; pio, pioglitazone; rosi, rosiglitazone; saxa, saxagliptin; SGLT-2,
sodium glucose cotransporter-2; sita, sitagliptin; SU, sulfonylurea, TZD, thiazolidinedione.

+ = limited; ++ = good; +++ = excellent.
| = decrease; <= = no change; 1 = increase.

Note: Data are not based on head-to-head comparisons.

ture 37.2°C. Random blood glucose is 298 mg/dL. His
serum creatinine is 2.8 mg/dL, with an eGFR of
35 mL/min/1.73 m?2. Urinalysis is positive for glucose;
complete blood count is normal other than showing
a slight hemoconcentration. RH is found to be dehy-
drated. Current medications include metformin, SGLT-2
inhibitor, hydrochlorothiazide, and a statin. He is admit-
ted for hydration, and his SGLT-2 inhibitor and hydro-
chlorothiazide are held.

Discussion: The mechanism of action of SGLT-2 inhibi-
tor therapy to increase urinary glucose excretion causes
an osmotic diuresis that can result in urinary frequency,
polyuria, and volume depletion-related adverse events

S14

such as hypotension and dizziness.®*%® Although these
adverse events are not dose-dependent, they appear
to increase with advancing age. Concomitant use of
a diuretic should be done only with close monitoring.
In addition to inadequate fluid intake, other causes of
dehydration, such as protracted vomiting or diarrhea,
prolonged exercise in the heat, urinary tract infection, ill-
ness, and overdiuresis with diuretics, should be investi-
gated. Patients should be instructed to hold the SGLT-2
inhibitor (and diuretic) during periods of dehydration, ill-
ness, or surgery. The importance of staying hydrated can
be reinforced by writing “Take each dose with a glass
of water” on the prescription for the SGLT-2 inhibitor.
Lastly, the SGLT-2 inhibitor would not be restarted until
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the eGFR is above 45 (canagliflozin, empagliflozin) or 60
(dapagliflozin) mL/min/1.73 m?2.

CASE SCENARIO #3

KM is a 62-year-old female with T2DM who was started
on an SGLT-2 inhibitor 3 months ago because of frequent
hypoglycemia with metformin and sulfonylurea; the sul-
fonylurea was discontinued. She called the office say-
ing she had developed her second yeast infection (“It’s
just like the last one”) since starting the SGLT-2 inhibitor.
She was asked to come in for a brief appointment to
culture and examine the perineum. Physical examination
revealed a moderately irritated vulva with little discharge.
Routine vaginal culture 2 days later revealed normal flora
with no yeast growth. KM was advised to treat the vulvar
dermatitis with a barrier method such as A+D Ointment
or zinc oxide ointment and told to be mindful of her peri-
neal care. At a follow-up visit 3 months later, she reports
that she continues to use A+D Ointment every day and
has not experienced any further symptoms of irritation.

Discussion: While genital mycotic infections in women
are more common when SGLT-2 inhibitor treatment is
used, localized irritation can occur in both women and
men taking an SGLT-2 inhibitor and can easily be mis-
taken by patients for a fungal infection. Patients should
be educated about this possibility and instructed to
be sure the genital area is clear of urine after voiding.
Patients who experience urinary leakage, eg, those with
overactive bladder or men with benign prostatic hyper-
trophy, may need to clean the genital area more fre-
quently. Patients should be instructed to use a barrier
method such as A+D Ointment or zinc oxide ointment.

CASE SCENARIO #4

LV is a 72-year-old female with a history of T2DM and
well-controlled hypertension. She was started on an
SGLT-2 inhibitor 2 weeks ago as add-on therapy to met-
formin. At that time, her BP was 102/65 mm Hg, HbA1c
7.9%, and eGFR 72 mL/min/1.73 m?. Since starting the
SGLT-2 inhibitor, she has experienced numerous episodes
of dizziness when standing; she denies any chest pain.
Current medications are metformin XR 750 mg, lisinopril/
hydrochlorothiazide 40/25 mg, and simvastatin 20 mg,
all taken once daily in the morning. Vital signs during her
appointment are BP 100/62 mm Hg and pulse 89 beats
per minute and regular without a murmur. She exhibits no
lower extremity edema or jugular venous distension; her

Supplement to The Journal of Family Practice

[INDIVIDUALIZING TREATMENT WITH SGLT-2 INHIBITORS}———

lungs are clear. The remainder of her physical examination
is normal.

The patient is advised to continue the SGLT-2 inhibi-
tor and discontinue the hydrochlorothiazide portion of
her medication. A new prescription for lisinopril 40 mg
is given. She is advised to monitor her BP over the next
few weeks with a goal of achieving levels lower than
140/90 mm Hg but higher than 110/65 mm Hg.

Discussion: Orthostatic hypotension occurs in <1.5%
of patients treated with an SGLT-2 inhibitor.*3¢ Older age
and concomitant use of antihypertensive medications,
eg, dihydropyridine calcium channel blockers (amlo-
dipine, nifedipine, nimodipine, etc), would be expected
to increase the possibility of orthostatic hypotension.
Patients should be advised to avoid bending at the waist
and to rise slowly from the supine or sitting position.

CASE SCENARIO #5

SJis a 62-year-old male diagnosed with T2DM 3.5 years ago
shortly after being hospitalized for a myocardial infarction.
Until 3 weeks ago, he had been treated with the combination
of metformin and a sulfonylurea; at that time, his treatment
was intensified due to inadequate glycemic control (HbA1c
7.9%). Because of his history of myocardial infarction, a
DPP-4 inhibitor, GLP-1RA, and SGLT-2 inhibitor were con-
sidered (TABLE).2*? A DPP-4 inhibitor was thought unlikely to
provide the needed glycemic reduction. SJ refused to begin
a GLP-1RA because of the need for injection and perceived
treatment complexity. Because an SGLT-2 inhibitor was felt
to more closely align with SJ’s needs, interests, and abilities,
an SGLT-2 inhibitor was started.

SJ is being seen urgently in clinic today because he
has experienced several episodes of hypoglycemia over
the past 2 to 3 weeks. In addition to the SGLT-2 inhibitor,
his other medications are metformin 1000 mg twice daily,
lisinopril 10 mg once daily, atorvastatin 40 mg once dalily,
and aspirin 81 mg once daily. During the physical exami-
nation, SJ mentions that he needs a new prescription for
his sulfonylurea because he is about to run out. Upon
questioning, SJ states that he has continued to take his
sulfonylurea since starting the SGLT-2 inhibitor and does
not remember being told to stop taking it.

Discussion: The incidence of hypoglycemia with SGLT-2
inhibitor therapy remains low when added to metfor-
min monotherapy. However, the risk of hypoglycemia
is increased when an SGLT-2 inhibitor, or most other
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antihyperglycemic agents, is used in combination with a
sulfonylurea or insulin.®*3 Consequently, consideration
should be given to reducing the dose of the sulfonylurea or
insulin upon the addition of an SGLT-2 inhibitor.2°-22 More-
over, patients should be instructed to monitor blood glu-
cose more frequently and how to recognize and respond
to hypoglycemia.

SUMMARY

The diverse attributes of the SGLT-2 inhibitor class of
medications provide opportunities to individualize
treatment to meet the needs, interests, and capabili-
ties of patients with T2DM. In addition to addressing
an important pathophysiologic mechanism of T2DM,
SGLT-2 inhibitor therapy may be particularly benefi-
cial in patients who are overweight or hypertensive or
where hypoglycemia is a key concern. As shown with
empagliflozin, CV risk reduction is a key benefit. Work-
ing with patients to minimize the risk of adverse events
such as genital mycotic infection and those related to
osmotic diuresis, with appropriate monitoring of body
weight, BP, and kidney function, will facilitate the opti-
mal use of SGLT-2 inhibitor therapy. ®
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