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Abstrqct Features and properties of saxagliptin (SAXA) [Onglyza™]

A Saxagliptin and its active metabolite M2 are di-
peptidyl peptidase-4 inhibitors that improve
glycaepnc cqntrol by preventing the. mactivation An adjunct to diet and exercise to improve glycaemic control in
of the incretin hormones glucagon-like peptide-1 patients with type 2 diabetes mellitus
(GLP-1) and glucose-dependent insulinotropic
polypeptide. This increases GLP-1 levels, stimu-
lates insulin secretion and reduces postprandial

glucagon and glucose levels. Inhibits dipeptidyl peptidase-4 enzyme from inactivating the
. _ . . _ incretin hormones glucagon-like peptide-1 and glucose-
A In'well d§351gned,. 24-week trla.ls m treatm.ent dependent insulinotropic polypeptide, thereby prolonging
naive patients with type 2 diabetes mellitus, incretin activity in response to the ingestion of nutrients

monotherapy with oral saxagliptin 2.5 or Smg
once daily significantly improved glycaemic
control, as measured by mean glycosylated hae-

moglobin (HbA,.) levels, relative to placebo. Dose 2.50r5mg
A Inlarge, well designed, 24-week trials, combination -
therapy with saxagliptin 5 mg once daily plus met- Route of administration Oral

formin significantly improved HbA . levels relative
to single-agent saxagliptin or metformin in treat-
ment-naive patients; in treatment-experienced pa-
tients with inadequate glycaemic control, the
addition of saxagliptin 2.5 or Smg once daily to
methI’mlIl, glybul‘lde ora thlaZOlldlnelene, Signl' Mean peak p|asma SAXA: 24 ng/mL
ficantly improved HbA /. levels relative to con- concentrations M2: 47 ng/mL
tinued use of existing monotherapy.
A Saxagliptin as monotherapy or in combination Mean area under the plasma  SAXA: 78 ng e h/mL
with other oral antihyperglycaemics was gen- | concentration-ime curve M2: 214 ng  h/mL
erally well tolerated, with most adverse events

Frequency of administration Once daily

being of mild to moderate severity. In clinical &i‘ﬂ?ﬁtg{}ﬁf peak plasma f’,@f‘hz n
trials, the incidence of hypoglycaemic events in

patients receiving saxagliptin was generally si- Mean plasma elimination SAXA: 2.5 h
milar to that in patients receiving placebo or half-life M2:3.1 h

other oral antihyperglycaemic agents.

A Saxagliptin therapy was not associated with an
increased risk of cardiovascular events according
tO. p(,)OICd data from elght clinical trials. Saxa- Upper respiratory tract infection, urinary tract infection,
gliptin generally had a weight-neutral effect. headache, nasopharyngitis
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Diabetes mellitus is a group of chronic meta-
bolic diseases characterized by hyperglycaemial!l
and is estimated to affect more than 180 million
people worldwide according to the WHO.?! Ap-
proximately 90% of these cases are type 2 dia-
betes,?! which is the result of underlying insulin
resistance and a progressive insulin secretory de-
fect.l'l Patients with type 2 diabetes are often
obese, with obesity itself causing some degree of
insulin resistance.[!]

According to the current consensus statement,
the goal of therapy in these patients is to achieve
and maintain glycaemic control (i.e. glycosylated
haemoglobin [HbA ] levels of <7%), thereby reduc-
ing the long-term risk of microvascular, macrovas-
cular and neuropathic complications.[®! To achieve
this goal, lifestyle modifications and treatment
with one or more antihyperglycaemic agents, such
as metformin, insulin or a sulfonylurea, is recom-
mended.’1 However, these therapies have several
limitations, including less than optimal control of
postprandial hyperglycaemia, increased risk of
hypoglycaemia and weight gain.! Moreover,
glycaemic control declines over time in most pa-
tients despite intensive treatment with several
antihyperglycaemic agents,’> which reflects on-
going deterioration of B-cell function and pan-
creatic islet health.[]

Over the past few years, new antihyperglycaemic
agents have been developed targeting the incretin
hormones glucagon-like peptide-1 (GLP-1) and
glucose-dependent insulinotropic peptide (GIP)
that stimulate insulin output from pancreatic
B-cells in a glucose-dependent manner.”-8 Dipepti-
dyl peptidase (DPP)-4 inhibitors are a class of drugs
that prevent the inactivation of GLP-1 and GIP by
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inhibiting the enzyme DPP-4 (expressed in many
tissues including liver, kidney, lung and small in-
testine), thereby enhancing and prolonging the ac-
tivity of the incretin hormones and attenuating
postprandial glucose excursions.®7-8!

Saxagliptin (Onglyza™) is one such DPP-4
inhibitor that has recently been approved for use
in patients with type 2 diabetes.”! This article re-
views the pharmacological properties, clinical
efficacy and tolerability of oral saxagliptin in
adult patients with type 2 diabetes. Medical litera-
ture on the use of saxagliptin in type 2 diabetes
was identified using MEDLINE and EMBASE,
supplemented by AdisBase (a proprietary data-
base). Additional references were identified from
the reference list of published articles.

1. Pharmacodynamic Profile

This section provides a summary of the pharma-
codynamic properties of saxagliptin, which were
evaluated in four randomized, double-blind, placebo-
controlled studies in patients with type 2 diabetes
(n=401% or 36!') or healthy volunteers (n= 501
or 40'?)) [available only as abstracts and/or posters].
Patients (aged 18-70M1% or 436911 years) had a
disease duration of <10 years!'% or baseline HbA .
levels of 6.5-9.5%!'% or 5.9-8.1%.'] Also discussed
are data presented in an abstract by Wang et al.l!3]
and from the US prescribing information.!

e Saxagliptin is a potent, selective, reversible in-
hibitor of the DPP-4 enzyme.['3] It is 10-fold more
potent than vildagliptin or sitagliptin, with an
inhibitory constant (K;) of 1.3 nmol/L for DPP-4
at 37°C (K;= 13 and 18 nmol/L for vildagliptin
and sitagliptin).['3] The active metabolite of saxa-
gliptin, M2 (BMS-510849), is 2-fold less potent
than saxagliptin, with a K; of 2.6 nmol/L.['3]

e Saxagliptin dosages of 2.5-400 mg once daily
for 14 days inhibited DPP-4 enzymatic activity in
a dose-dependant manner in patients with type 2
diabetes and in healthy volunteers, with the
inhibition profile at these dosages being consis-
tent with once-daily administration.['] Plasma
DPP-4 enzymatic activity 24 hours after the
administration of a single dose of saxagliptin
2.5 or 400mg was inhibited by 50% and
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79% compared with predose values; maximal
enzymatic inhibition was achieved with dosages
>150 mg/day.

e Saxagliptin and M2 are more selective for the
inhibition of DPP-4 than DPP-8 (400- and 950-
fold) or DPP-9 (75- and 160-fold) enzymes or a
large panel of other proteases (>4000-fold).[!3!
Both the parent drug and the active metabolite
dissociate slowly from the DPP-4 enzyme (dis-
sociation half-life of 50 and 23 minutes at 37°C),
but not from other enzymes tested, including
DPP-8 and DPP-9. It has been suggested that
once bound, saxagliptin and its active metabolite
would continue to inhibit DPP-4 during rapid
increases of substrate in vivo, owing to their slow
dissociation from the enzyme.!'3!

e Saxagliptin 2.5-400mg once daily increased
postprandial plasma intact GLP-1 levels by 1.5-
to 3-fold after breakfast, lunch and dinner on day
13 (in patients with type 2 diabetes) or day 14 (in
healthy volunteers) compared with placebo, with
no apparent dose-relationship being observed.!'%
e Saxagliptin therapy improved (p<0.05) pan-
creatic B-cell function in fasting and postprandial
states (as indicated by an increase from baseline
in total insulin secretion), and decreased post-
prandial glucagon levels in patients with type 2
diabetes during 12 weeks of therapy,l'!] thereby
lowering fasting glucose concentrations and
reducing glucose excursions after an oral glucose
load or a meal !

e Saxagliptin as monotherapy or in combination
with other antihyperglycaemic agents improved
glycaemic control and generally improved B-cell
function in large clinical trials of up to 24 weeks’
duration in patients with type 2 diabetes (section
3). However, saxagliptin therapy did not affect
insulin resistance or sensitivity in these trials.

e Saxagliptin (2.5-400mg/day for <14 days)
or its active metabolite did not prolong the
corrected QT interval in patients with type 2
diabetes or healthy volunteers.[1%-12]

2. Pharmacokinetic Profile

This section focuses on the pharmacokinetic
properties of oral saxagliptin, which have been
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evaluated in patients with type 2 diabetes!'”) (see

section 1 for patient characteristics) and in heal-
thy volunteers.l'¥l Also discussed are studies that
evaluated the pharmacokinetics of saxagliptin in
patients with renall'™] or hepatic impairment,!°!
and studies in healthy volunteers that assessed
the effect of age,l'”! gender!'” or coadministra-
tion of other drugs!'®23 on the pharmacokinetics
of saxagliptin. These data are supplemented
with data available from the US prescribing
information.[!

e The pharmacokinetics of saxagliptin (2.5-400
mg/day for 14 days) and its major metabolite M2
were generally similar in patients with type 2 dia-
betes and healthy volunteers.['%1 Oral saxagliptin
2.5-50mg is rapidly absorbed after single dose
administration in healthy volunteers and has a
predicted human oral bioavailability of 67%.14!
e Dose proportional increases in the peak
plasma concentrations (C,,,4) and the area under
the plasma concentration-time curves (AUC) were
observed with saxagliptin dosages of 2.5-400 mg.”}
After a single oral dose of saxagliptin 5Smg, the
mean plasma C,,,, of saxagliptin was 24 ng/mL
and of M2 was 47 ng/mL, which were reached in a
median time of 2 and 4 hours (t,,,,); the mean
plasma AUC:s of saxagliptin and M2 were 78 and
214 ngeh/mL. The average variability for AUC
and C,,,, of saxagliptin and M2 was <25%."}

e Saxagliptin t,,,, increased by =20 minutes and
the AUC increased by 27% when the drug was
administered with a high-fat meal compared with
fasting conditions; however, saxagliptin may be
administered without regard for food.!!

e Systemic exposures to saxagliptin and M2 were
dose-dependent and were generally similar on days
1 and 14, suggesting that the drug did not
accumulate or inhibit its own metabolism after
multiple dose administration.['% Systemic expo-
sure to M2 on a molar basis was 1.7- to 6.9-fold
higher than, and independent of the dosage of,
saxagliptin (2.5-400mg/day for 14 days) in pa-
tients with type 2 diabetes or healthy volunteers.['%)
e Saxagliptin and M2 are extensively distributed in
extravascular tissues according to studies in rodents,
with the lowest concentrations of these agents being
observed in the brain and the highest in the intestinal
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tissues and the kidneys.!'Yl As the in vitro protein
binding of saxagliptin in human serum is negli-
gible, the pharmacokinetics of the drug are not
expected to alter with changes in blood protein
levels in disease states such as renal or hepatic
impairment.”!

e Saxagliptin is metabolized largely by cyto-
chrome P450 (CYP) 3A4 and CYP3AS iso-
enzymes™! to its major metabolite M2 and other
minor metabolites.l!'*! The major metabolic path-
way is the hydroxylation of saxagliptin.!'4

e Saxagliptin is eliminated via both hepatic and
renal routes.[-14l After a single 50 mg dose of '“C-
labelled saxagliptin, 24%, 36% and 75% of the
dose was excreted as saxagliptin, M2 and total
radioactivity, respectively, in the urine; 22% of
the dose was recovered in the faeces in bile and/or
as unabsorbed drug (study population details not
reported).’) The renal clearance of saxagliptin
(mean =230 mL/min) was greater than the esti-
mated glomerular filtration rate (mean =120
mL/min), which suggests some active renal
excretion of the drug.!

e The mean plasma terminal elimination half-
lives of saxagliptin and M2 were 2.5 and 3.1 hours
after a single dose of saxagliptin 5mg in healthy
volunteers;® the apparent oral clearance of
saxagliptin 1 mg/kg was 17.4mL/min/kg and the
apparent oral renal clearance was 2.5 mL/min/kg.l!4

Special Populations

e In patients with mild renal impairment
(creatinine clearance [CLcg] 50-80 mL/min
[3-4.8 L/h]), the AUC from time zero to infinity
(AUC,,) of saxagliptin and M2 were 1.2- and 1.7-
fold higher than in patients with normal renal
function (CLcgp >80 mL/min [>4.8 L/h]); how-
ever, this increase was not considered clinically
relevant and no dosage adjustment is recom-
mended (section 5).%13]

e In patients with moderate (CLcg
30-50 mL/min [1.8-3.0L/h]) or severe (CLcgr
<30mL/min [<1.8L/h]) renal impairment, the
AUC,, of saxagliptin and M2 were up to 2.1-
and 4.5-fold higher than in patients with normal
renal function; therefore, dosage reduction is
recommended in these patients (section 5).[! In
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eight patients with end-stage renal disease, 23%
of the saxagliptin dose was eliminated during a
4-hour haemodialysis session.[”!%]

e No dosage adjustments are required in pa-
tients with hepatic impairment (Child-Pugh
classes A, B or C), as, overall, the pharmaco-
kinetics of saxagliptin differed by less than 2-fold
between individuals with mild to severe hepatic
impairment and healthy volunteers, and were not
considered clinically relevant.[®-16]

e The pharmacokinetics of saxagliptin are gen-
erally not affected by sex or age in healthy
volunteers and no dosage adjustments are con-
sidered necessary.l>!71 However, females had
approximately 25% higher exposure to the active
metabolite of saxagliptin than males, and in
elderly (aged 65-80 years) individuals, the geo-
metric mean C,,,, and AUC of saxagliptin were
23% and 59% higher, and the apparent volume of
distribution and metabolic renal clearances of
saxagliptin were lower than in young (aged 18—40
years) individuals.[®-17]

Drug Interactions

e As the metabolism of saxagliptin is mediated
by CYP3A4 and CYP3AS5 isoenzymes, strong
inhibitors and inducers of these isoenzymes will
alter the pharmacokinetics of saxagliptin.[ Saxa-
gliptin and M2 did not inhibit CYP1A2, 2A6,
2B6, 2C9, 2C19, 2D6, 2E1 or 3A4, or induce
CYP1A2, 2B6, 2C9 or 3A4 isoenzymes in vitro.
Consequently, saxagliptin is not expected to alter
the metabolic clearance of coadministered drugs
that are metabolized by these enzymes. Saxa-
gliptin is a P-glycoprotein (P-gp) substrate, but
does not inhibit or induce P-gp to a significant
extent in vitro.’]

e Coadministration of saxagliptin with oral mag-
nesium and aluminium hydroxide plus simethicone,
famotidine (administered 3 hours prior to saxaglip-
tin) or omeprazole generally did not alter the
pharmacokinetics of saxagliptin or its active meta-
bolite.'8! Similarly, coadministration of saxagliptin
with glyburide (glibenclamide),”? metformin,3!
pioglitazone,? digoxin'”! or simvastatin/®! gener-
ally did not alter the pharmacokinetics of these
drugs.”! Consequently, no dosage adjustments of
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saxagliptin or the coadministered drugs are
required.[18:19.22:25]

e Coadministration of a single dose of saxa-
gliptin 10 mg with diltiazem (360 mg long-acting
formulation at steady state; a moderate
CYP3A4/5 inhibitor) increased the C.,, and
AUC of saxagliptin by 63% and 2.1-fold, and
decreased the C,,,, and AUC of M2 by 44% and
36%.°201 Similar increases in plasma concentra-
tions of saxagliptin are expected when coadminis-
tered with other moderate CYP3A4/5 inhibitors,
such as amprenavir, fluconazole and erythromycin;
however, dosage adjustment of saxagliptin is not
recommended.”!

e Coadministration of a single dose of saxaglip-
tin 5 mg with rifampin (rifampicin) [600 mg once
daily at steady state; a CYP3A4/5 inducer]
significantly decreased the C,,, and AUC of
saxagliptin by 53% and 76%, and increased the
Cax Of M2 by 39%; there was no significant
change in the AUC of M2.l However, dosage
adjustment of saxagliptin is not recommended.[?¢]
e Coadministration of a single dose of saxaglip-
tin 100 mg with ketoconazole (200 mg every 12
hours at steady state) [a strong inhibitor of
CYP3A4/5 and P-gp] significantly increased the
Chax and AUC of saxagliptin by 62% and 2.5-
fold, and decreased the C,,,,, and AUC of M2 by
95% and 91%.°-2! Similar significant increases in
plasma concentrations of saxagliptin are ex-
pected with other strong CYP3A4/5 inhibitors,
such as atazanavir, ritonavir and clarithromycin;
therefore, dosage adjustment of saxagliptin is
recommended (section 5).]

3. Therapeutic Efficacy

The therapeutic efficacy of saxagliptin as
monotherapy®2%27 or in combination with other
oral antihyperglycaemicst?®3!) has been eval-
uated in several trials of up to 24 weeks’ duration
and in a long-term (102 weeks’ therapy) extension
trial®? in treatment-naive?-2 or -experienced(?*-3!]
patients with type 2 diabetes. Two of these
studies are available only as abstract presenta-
tions,[31-321 whereas data for a third study
(038) are available from the US prescribing
information.!
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Apart from the dose-ranging study that as-
sessed saxagliptin dosages of 2.5-100 mg once
daily,[?”! patients participating in these trials re-
ceived saxagliptin  2.5,26:29-311  5[26.28-311  p
10126-28.291 mg once daily. Discussion in this sec-
tion will focus on data pertaining to the approved
dosages of saxagliptin 2.5 and 5mg/day; the
10mg dosage of saxagliptin did not provide
greater efficacy than the 5mg dosagel®! and these
data are not discussed further.

Where reported, eligible patients in these stu-
dies were aged 21-70P71 or 18-77 years,[26-28-31]
had HbA,, levels of 7-12%,26311 a body mass
index <377 or <40[2%-28-301 ko/m? and a screen-
ing fasting or random C-peptide >0.527 or
>1.0 ng/mL.[26-28-301 The mean duration of dis-
ease, where reported, was 1.4-2.0,1281 2,3-3.1,12¢]
5.2,B8116.5P or 6.8—7.13% years. In one study, pa-
tients with a median disease duration of 0.7-1.8
years received lower dosages of saxagliptin,
whereas those with a disease duration of 0.3-0.5
years received a higher dosage of saxagliptin.[?]

The exclusion criteria, where reported, in-
cluded a diagnosis of type 1 diabetes,*”] symp-
toms of poorly controlled diabetes or a history of
ketoacidosis or hyperosmolar coma,?*3% yse
of any other antihyperglycaemic medication
8 weeks prior to,?°! or insulin 1 year prior to,
study entry,[?8-3% occurrence of congestive heart
failure (New York Heart association stage
I1/IV),126-39 and/or known left ventricular ejec-
tion fraction <40%,[26-28-301 or recent (within
6 months[?%-28-301) cardiovascular illness.[26-3%

In most trials, the primary efficacy outcome
was the change from baseline in HbA | levels.[2¢-30
Other efficacy endpoints included the proportion
of patients achieving target HbA,, goals, and
changes from baseline in other measures of gly-
caemic control or B-cell function.

Where reported, demographic and disease activity/
health status of patients at baseline was generally
similar within each individual trial.?®-31 Where spe-
cified, analyses were based on data from all random-
ized patients who recieved at least one dose of
medication?®2%3% or the modified intent-to-treat
(mITT) [all patients who received =6 weeks’ active
treatment and at least one HbA . assessment after
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randomization] populations®” with the last ob-
servation carried forward (LOCF),?%-31 and data
were evaluated using analysis of co-variance.[?-31]

Monotherapy

The efficacy of saxagliptin monotherapy was as-
sessed in treatment-naive patients with type 2 dia-
betes in three randomized, double-blind, placebo-
controlled trials.”-2¢-27 Treatment-naive patients
were defined as those who had never received
antihyperglycaemic treatment or had received
treatment for a total of no more than
6 months since diagnosis and for no more than
3 consecutive days or for a total of 7 non-
consecutive days 8 weeks prior to enrol-
ment.26-27]

One study was a dose-ranging study in which
patients received saxagliptin 2.5, 5, 10, 20 or
40 mg once daily or placebo for 12 weeks (mITT
LOCF, n=338) or saxagliptin 100 mg once daily
or placebo for 6 weeks (mITT LOCF, n=85)."]
In the second trial (011), patients with HbA ., le-
vels of 7-10% (n=401) received double-blind
saxagliptin 2.5, 5 or 10 mg once daily or placebo,
while those with HbA . levels of >10 to <12%
(n=66) received open-label saxagliptin 10mg
once daily, for 24 weeks.?%) In a third study (038)
[n=365], which was undertaken to assess various
dosing regimens of saxagliptin, patients received
saxagliptin 2.5 or 5mg every morning, 2.5mg
every morning (which may be titrated to 5mg)
or 5mg every evening or placebo for 24 weeks.!
All three studies had a 2-week diet, exercise
and placebo lead-in period prior to random-
ization.”26-271 Patients who did not achieve
specific glycaemic goals during the study were
eligible for the addition of metformin as rescue
therapy.[%-26-27]

e Saxagliptin was shown to be effective in terms
of improving glycaemic control in a 12-week,
dose-ranging study in treatment-naive patients
with type 2 diabetes.?”l HbA,. levels were
reduced from baseline (mean 7.9%) with saxa-
gliptin 2.5-40mg/day after 12 weeks (mean
change of —0.72% to —0.90% vs —0.27%; p < 0.007)
or with saxagliptin 100 mg/day after 6 weeks
(-1.09% vs —0.36%) of treatment compared with
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placebo, with no significant dose-response rela-
tionship being observed.?”]

e Improvements in HbA,. levels were also
observed in the two 24-week trials.[>?7] Signifi-
cant (p<0.0001) reductions from baseline (mean
7.8=7.9%) in HbA,, levels were observed with
saxagliptin 2.5 or 5 mg/day relative to placebo at
24 weeks in study 011 (adjusted mean change of
-0.43% and —0.46% vs +0.19%).2% Significant
reductions from baseline in HbA,. levels were
also seen with saxagliptin 2.5mg/day (every
morning) or S mg/day (every morning or evening)
in study 038 (mean placebo-corrected reductions
0f 0.4%, 0.4% and 0.3%; p-value not reported).”]
e Reductions from baseline in HbA | levels were
evident as early as week 4, with numerically
greater reductions in HbA | levels being observed
in patients with higher baseline levels.[>6-27]

e In patients receiving saxagliptin 2.5 or 5mg or
placebo, target HbA, . levels of <7% were
achieved by 35% and 38% versus 24% of patients
(p=0.044 for saxagliptin 5mg vs placebo).[2*

e Fasting plasma glucose (FPG) and 2-hour
postprandial glucose (PPG; assessed during an
oral glucose tolerance test [OGTT]) levels also
reduced (p <0.005) from baseline after treatment
with saxagliptin, with decreases in FPG being
apparent as early as week 2.2l The adjusted
mean changes from baseline in FPG levels were
—15 and -9 versus +6mg/dL (baseline values
172-178 mg/dL), and in PPG levels were —45 and
—43 versus —6mg/dL, with saxagliptin 2.5 or
5mg/day or placebo.*"

e Postprandial insulin AUCs increased from
baseline by 26% and 24% (vs 3% with placebo),
and postprandial C-peptide AUCs increased
from baseline by 25% and 43% (vs 7%) with
saxagliptin 2.5 or 5mg/day after 24 weeks of
treatment.[2]

e In addition, B-cell function as assessed by
homeostatic model assessment (HOMA)-2f3 im-
proved from baseline with saxagliptin 2.5 and
5mg/day (adjusted mean change of 15% and 13%
vs 8% with placebo).”®) However, saxagliptin
therapy had no clear effect on insulin resistance
(as assessed by the HOMA-IR) or insulin
sensitivity (as assessed by the Matsuda index).[?%]
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Combination Therapy

In patients with type 2 diabetes, the efficacy of
saxagliptin in combination with metformin as
initial therapy in treatment-naive patients!?®! and
as add-on therapy to metformin,*’! a sulfonyl-
urea (glyburide)®? or a thiazolidinedione (pio-
glitazone or rosiglitazone)*! in patients who had
inadequate glycaemic control despite existing
antihyperglycaemic therapy?®-3!l was evaluated
in four 24-week, randomized, double-blind, pla-
cebo-[?°-311 or active-comparotor-2®! controlled,
multicentre trials!?®-3! and a double-blind, ex-
tension (102 weeks’ therapy)i®? of one study.[*!
Some data are also available from the US pre-
scribing information.l!

Treatment-naive patients (n=1306) were defined
as those who had never received antihyperglycae-
mic treatment or had received treatment for a total
of <1 month since diagnosis and for no more than
3 consecutive days or for a total of 7 nonconsecutive
days 8 weeks prior to screening.*8! After a 1-week
diet, exercise and placebo lead-in period, patients
received saxagliptin 5 or 10 mg once daily in com-
bination with immediate-release (IR) metformin
500-2000 mg/day, saxagliptin 10 mg once daily or
metformin 500-2000 mg/day for 24 weeks. Met-
formin IR was initiated at 500 mg/day and was
uptitrated based on FPG levels (>110mg/dL)
in 500mg/day increments to a maximum of
2000 mg/day during weeks 1-5 of therapy.l?®

Treatment-experienced patients (n= 565,31
7439 or 76813%) had inadequate glycaemic control
with stable dosages of metformin for =8 weeks,*’ a
submaximal dosage of glyburide for =2 months,3%
or stable pioglitazone or rosiglitazone for >12 weeks
prior to screening.>!1 In two studies,?*-3! follow-
ing a 2-week diet, exercise and placebo lead-
in period (during which patients continued to
receive ongoing antihyperglycaemic therapy), pa-
tients received 24 weeks’ treatment with saxagliptin
2.5,29:311 5129311 or 1021 mg once daily in combi-
nation with ongoing metformin 1500-2500 mg/
day,”! or pioglitazone 30 or 45 mg/day or rosigli-
tazone 4 or 8 mg/day,! or received the ongoing
antihyperglycaemic therapy alone. In the third
study,[3% patients received a submaximal dosage
of glyburide 7.5mg/day during a 4-week diet,
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exercise and placebo lead-in period, followed by
24 weeks’ treatment with saxagliptin 2.5 or Smg
once daily in combination with ongoing glybur-
ide 7.5mg/day, or an initial total daily dose of
glyburide 10 mg once daily (2.5 mg/day in combi-
nation with ongoing 7.5mg/day; the uptitrated
glyburide group). Glyburide dosage could be re-
duced once during the study in the event of
hypoglycaemia. In the uptitrated group, further
increase in glyburide dosage to a maximum of
15mg/day was permitted, provided the dosage
had not been reduced previously because of hy-
poglycaemia (=92% of patients in this group had
the dosage uptitrated to 15mg/day by study
end).’% In the long-term extension study, pa-
tients continued to receive double-blind sax-
agliptin 2.5, 5 or 10 mg/day in combination with
ongoing metformin 1500-2500 mg/day therapy.[3?]

In all trials, rescue therapy with pioglita-
zonel?$2°1 or metformin,®3% in addition to on-
going study medication, was permitted if specific
glycaemic goals were not met.

In Treatment-Naive Patients

e In treatment-naive patients with type 2 dia-
betes and inadequate glycaemic control, saxaglip-
tin in combination with metformin IR as initial
therapy significantly improved glycaemic control
relative to saxagliptin or metformin mono-
therapy.[?® After 24 weeks, HbA,, levels were
significantly (p<0.0001 vs both comparators)
reduced from baseline (9.4-9.6%) with saxagliptin
5mg/day plus metformin IR combination therapy
compared with saxagliptin 10 mg/day or metfor-
min IR monotherapy (adjusted mean change
from baseline —2.5% vs —1.7% and —2.0%).

e Furthermore, more (p<0.0001 vs both com-
parators) patients receiving saxagliptin 5 mg/day
plus metformin IR combination therapy than
saxagliptin 10 mg/day or metformin IR mono-
therapy achieved target HbA . levels of <7% at
week 24 (60% vs 32% and 41% of patients).[?®!

e [Inaddition, significant (p <0.001 vs both compa-
rators) reductions from baseline to week 24 in FPG
(adjusted mean changes of —60 vs —31 and —47 mg/
dL; baseline values 198-201 mg/dL) and 2-hour
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Fig. 1. Efficacy of oral saxagliptin (SAXA) 2.5 or 5mg in combination with metformin (MET), glyburide (GLY) or a thiazolidinedione (TZD;
rosiglitazone or pioglitazone) in patients (pts) with type 2 diabetes who had inadequate glycaemic control with existing therapy with these
agents. (a) Adjusted mean change from baseline in glycosylated haemoglobin (HbA,.) levels and (b) the percentage of pts achieving HbA,.
levels <7%. Pts received SAXA 2.5 or 5mg/day plus MET or MET (study 1; n=192, 191 and 179 ),[?°1 SAXA 2.5 or 5mg/day plus GLY or
uptitrated GLY (UP-GLY) [study 2; n=246, 250 and 264]°:3% or SAXA 2.5 or 5 mg/day plus TZD or TZD (study 3; n=192, 183 and 180)[°3"lin
three 24-week, randomized, double-blind, placebo-controlled, multicentre trials (see section 3 for study design details). Baseline HbA,. levels
in studies 1, 2 and 3 were mean 8%,1?% 8.2-8.4%° or 8.4-8.5%.13% * p<0.005, ** p<0.0001 vs monotherapy.

PPG (-138 vs —106 and -97mg/dL; assessed
during an OGTT) levels and in the exposure to
glucose (as assessed by the change from baseline
in the PPG-AUC from 0 to 3 hours) were obs-
erved with saxagliptin Smg plus metformin IR
combination therapy compared with saxagliptin
10 mg/day or metformin IR monotherapy.®!

e A significant (p<0.001 vs both comparators)
improvement in B-cell function (as assessed by
HOMA-2p) was also observed with saxagliptin
5mg plus metformin IR combination therapy
compared with saxagliptin 10 mg/day or metfor-
min IR monotherapy.[?®]

In Treatment-Experienced Patients

e The addition of saxagliptin therapy to ongoing
metformin,?” glyburidel®”! or thiazolidinedionel3!!

© 2009 Adis Data Information BV. All rights reserved.

therapy improved glycaemic control in patients
with type 2 diabetes who had inadequate glycae-
mic control with existing therapy.

¢ In these patients, 24 weeks of add-on treatment
with saxagliptin 2.5 or S5Smg/day significantly
(p<0.001) reduced HbA,. levels from baseline
relative to ongoing metformin,*”! glyburideB” or
thiazolidinedionel*! therapy alone (figure 1). The
reductions in HbA |, levels were evident from week
4 and were sustained until week 24 of therapy.l?%-30
A significant (p<0.05) correlation between treat-
ment-effect and baseline HbA,, levels was ob-
served in one study,?” but not in another study.3%
e In addition, after 24 weeks, more (p<0.005)
patients receiving saxagliptin add-on treatment
achieved target HbA . levels of <7% than those
receiving ongoing metformin,?’! glyburidel*® or
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thiazolidinedioneP!! therapy alone (figure 1). At
24 weeks, significant (p<0.05) reductions from
baseline in FPG levels were also observed with
saxagliptin add-on therapy relative to metfor-
min,?*1 glyburideB or thiazolidinedionel!! ther-
apy alone.

e Furthermore, the addition of saxagliptin to
ongoing metformin,?*! glyburidel*”! or thiazoli-
dinedionel! therapy reduced (p<0.0001 vs com-
parators) PPG levels from baseline, as assessed
by 2-hour PPG levels (during an OGTT) and 3-
hour PPG AUCs.[?°-3! [n addition, postprandial
glucagon levels (as assessed by AUC) decreased
from baseline, and postprandial insulin release
(as assessed by insulin and C-peptide AUCs)
increased from baseline, following the addition of
saxagliptin to ongoing metformin or glyburide
treatment (p <0.05 vs metformin for all compar-
isons; statistical data not available for compar-
isons with glyburide).[?%-3%

e In two studies, the change from baseline to
week 24 in B-cell function (as assessed by
HOMA-2p) did not differ significantly between
patients receiving saxagliptin as add-on treat-
ment relative to those receiving metformin or
glyburide alone;?-3% insulin resistance (as as-
sessed by the HOMA-IR) and sensitivity (as
assessed by the Matsuda index) were not sig-
nificantly affected by saxagliptin plus metformin
or glyburide therapy.?>-3% However, a significant
(p<0.05) improvement in f-cell function (as
assessed by HOMA-2p) from baseline to week
24 was observed when saxagliptin was added to
ongoing thiazolidinedione therapy relative to
thiazolidinedione monotherapy at 24 weeks.3!]

e The improvement in glycaecmic control ob-
served during 24 weeks of treatment with
saxagliptin as add-on therapy to metformin!*”!
was sustained in the long-term.B? After 102
weeks of treatment, the placebo-subtracted
changes from baseline in HbA | levels in patients
receiving saxagliptin 2.5 or 5mg/day add-on
therapy versus metformin therapy alone were
—0.62% (95% CI —0.84, —0.40) and —0.72% (95%
CI -0.94, —0.50).132! During this period, 58% and
52% of saxagliptin 2.5 or Smg/day plus metfor-
min combination therapy recipients compared
with 72% of metformin monotherapy recipients

© 2009 Adis Data Information BV. All rights reserved.

discontinued treatment or received rescue ther-
apy for lack of glycaemic control.3%

4. Tolerability

This section focuses on tolerability data from

the clinical trials discussed in section 3, with the
focus being on data pertaining to the approved
dosages of saxagliptin.l?®-321 Also discussed are
pooled tolerability data (available from the US
prescribing information)®! from five 24-week
(monotherapy [0112¢ and 038P)] or add-on
therapy?®-31l) trials, and pooled incidences of
hypoglycaemic events (symptoms suggestive of
low blood glucose levels, e.g. sweating and sha-
kiness),?3  confirmed hypoglycaemic events
(fingerstick blood glucose <50 mg/dL),1*3! major
adverse cardiovascular events (stroke, myo-
cardial infarction or cardiovascular death)** and
acute cardiovascular events (acute clinically signi-
ficant events, including cardiac revascularization
procedures)®¥ from six (n=4148)33% or eight
(n=4607)*4 randomized, double-blind clinical
trials [available as abstract presentations].
e Saxagliptin was generally well tolerated as
monotherapy®?%2’ or in combination®®3!l with
other antihyperglycaemic agents in treatment-
naivel®228 or -experienced?-3! patients with type
2 diabetes in clinical trials of up to 24 weeks and in a
long-term extension trial (102 weeks’ therapy).l3?

General Profile

e Most adverse events in patients receiving
saxagliptin therapy were of mild or moderate
intensity,?%3% and the incidence of adverse
events generally did not appear to be dependent
on the dose of saxagliptin.[?6:27-29-30]

e The incidence of treatment-emergent adverse
events in saxagliptin 2.5 or 5mg/day (monotherapy
or add-on therapy) recipients was generally similar
to that in patients receiving other oral antihyper-
glycaemic agents or placebo in a pooled analysis
of five, 24-week trials (72% and 72% vs 71%).)
Treatment-emergent adverse events occurred in
55% of treatment-naive patients receiving saxaglip-
tin plus metformin as initial therapy for 24 weeks (vs
59% of metformin recipients).”®! Less than 4% of
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saxagliptin recipients discontinued therapy be-
cause of these adverse events.[>-2®]

e Treatment-related adverse events occurred in
10-21% of saxagliptin 2.5 or 5mg/day mono-
therapy®® or combination (initial®® or add-
onB3%) therapy recipients compared with 11-18%
of patients receiving other oral antihyperglycae-
mic agents or placebo.

o Treatment-emergent (<6%)%3% and treatment-
related (<1%; two patients)2¢-28-30 serious ad-
verse events occurred in few patients receiving
saxagliptin 2.5 or 5mg/day as monotherapy!?¢-271
or as combination therapy (initial?®! or add-on
therapy to metformin®! or glyburide®®). There
were no deaths in saxagliptin recipients.2¢-3]

e The most common (incidence >5%) treatment-
emergent adverse events that occurred more
frequently in saxagliptin 2.5 or Smg/day (mono-
therapy or add-on therapy) recipients than in
patients receiving other oral antihyperglycaemic
agents or placebo in the pooled analysis were
upper respiratory tract infection (0% and 8% vs
8%), urinary tract infection (0% and 7% vs 6%)
and headache (7% and 7% vs 6%).

e In patients receiving initial saxagliptin combi-
nation therapy, the most frequent (incidence
>5%) treatment-emergent adverse events that
occurred more frequently in patients receiving
saxagliptin Smg/day plus metformin than in
those receiving metformin alone were headache
(8% vs 5%) and nasophyaryngitis (7% vs 4%).[%]
e Lymphopenia (0.1% and 0.5% with saxaglip-
tin 2.5 or S5mg/day vs 0% with comparators or
placebo), rash (0.2% and 0.3% vs 0.3%), increase
in blood creatinine (0.3% and 0% vs 0%) or blood
creatine phosphokinase (0.1% and 0.2% vs 0%)
levels were the most common (occurring in at
least two patients receiving saxagliptin treatment)
adverse events associated with discontinuation of
therapy in the pooled analysis.[!

e The incidence of hypersensitivity-related ad-
verse events (e.g. urticaria and facial oedema)
during 24 weeks of treatment with saxagliptin 2.5
or Smg/day was 1.5% and 1.5% (vs 0.4% in
patients receiving comparators or placebo) in the
pooled analysis.[®l None of the adverse events in
saxagliptin recipients required hospitalization or

© 2009 Adis Data Information BV. All rights reserved.

were reported as life-threatening; however, one
patient discontinued therapy due to generalized
urticaria and facial oedema.!

e The incidence of peripheral oedema with
saxagliptin 2.5 or 5mg/day as monotherapy was
3.6% and 2% (vs 3% in placebo recipients), as
add-on therapy to metformin was 2.1% and 2.1%
(vs 2.2% in metformin recipients), as add-on
therapy to glyburide was 2.4% and 1.2% (vs 2.2%
in glyburide recipients) and as add-on therapy to
a thiazolidinedione was 3.1% and 8.1% (vs 4.3%
in thiazolidinedione recipients) during 24 weeks
of treatment.

e Saxagliptin monotherapy?®2”l or combina-
tion therapy with metformin generally did not
alter body weight®%2°1 during 24 weeks’ therapy.
However, a significant (p <0.05) increase in body
weight was observed in patients receiving saxa-
gliptin 2.5 or 5mg/day plus glyburide relative to
those receiving glyburide therapy alone (0.7 and
0.8 vs 0.3 kg).13%

e No clinically significant changes in vital signs
or platelet counts have been observed in sax-
agliptin recipients.’] Although dose-related de-
creases in lymphocyte counts have been observed
with saxagliptin treatment, these were not asso-
ciated with clinically relevant adverse events, and
their clinical significance is unknown.

Hypoglycaemia

e During 24 weeks of treatment, the incidence of
hypoglycaemia in saxagliptin recipients was gen-
erally similar to that in patients receiving placebo
or other oral antihyperglycaemic therapy.[*3

e Hypoglycaemic events were reported in 4%
and 6% of patients receiving saxagliptin 2.5 or
Smg/day as monotherapy (vs 4% of placebo
recipients), and in 9% and 8% of patients
receiving these dosages as add-on treatment to
other oral antihyperglycaemics (vs 7% of patients
receiving metformin, glyburide or a thiazolidine-
dione) in pooled datal®¥ from two monother-
apy®-29 and threel*®-3!1 add-on therapy trials. In
treatment-naive patients, the incidence of hypo-
glycaemia was 3% in patients receiving initial
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therapy with saxagliptin plus metformin compared
with 4% in those receiving metformin alone.[*®!

Cardiovascular Events

e Saxagliptin as monotherapy or in combination
with other oral antihyperglycaemic agents was not
associated with an increased risk of cardiovascular
events, according to pooled data from eight clinical
trials.3¥ In these trials, the overall exposure to
saxagliptin was 3758 patient-years and to the
comparators (placebo, metformin or glyburide)
was 1293 patient-years; 81% of patients had at least
one cardiovascular risk factor in addition to
diabetes (including hypertension [52%], dyslipidae-
mia [44%)] or history of smoking [39%]) and 12%
had prior history of cardiovascular disease.>4!

e In this analysis, acute cardiovascular events oc-
curred in 1.1% of patients in the saxagliptin group
compared with 1.8% of patients in the comparator
group (hazard ratio [HR] 0.59 [95% CI 0.35, 1.0];
n=3356 and 1251); few patients receiving sax-
agliptin had major adverse cardiovascular events
(0.7% vs 1.4% in the comparator group; HR 0.44
[95% C10.24, 0.82]).34 The incidences of all-cause
death (0.3% vs 1.0% comparators) and cardiovas-
cular death (0.2% vs 0.8%) were also low in
patients receiving saxagliptin therapy.[34

5. Dosage and Administration

In patients with type 2 diabetes, the recommen-
ded dosage of saxagliptin is 2.5 or Smg once daily
administered orally without regard for food."!

In patients with moderate or severe renal im-
pairment (CLcg <50 mL/min [<3 L/h]), and in
patients with end-stage renal disease requiring
haemodialysis, the dosage of saxagliptin should
be adjusted to 2.5mg/day to achieve plasma ex-
posures of saxagliptin and M2 that are similar to
those in patients with normal renal function; no
dosage adjustment is required in patients with
mild renal impairment.”] Saxagliptin dosage
should also be adjusted to 2.5mg/day when the
drug is coadministered with strong CYP3A4/5
inhibitors (e.g. ketoconazole, atazanavir or clarithro-
mycin) [see also section 2]. Saxagliptin should not
be used for the treatment of type 1 diabetes or
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diabetic ketoacidosis and the drug has not been
studied in combination with insulin.]

Local prescribing information should be con-
sulted for comprehensive dosage and adminis-
tration guidelines, contraindications, precautions
and drug interactions.

6. Saxagliptin: Current Status

In the US, saxagliptin is indicated as an ad-
junct to diet and exercise to improve glycaemic
control in patients with type 2 diabetes. Oral
saxagliptin as monotherapy or in combination
with other antihyperglycaemic agents improved
glycaemic control and was generally well toler-
ated in several large, well designed trials of up to
24 weeks’ duration and in a long-term extension
study in adult patients with type 2 diabetes.
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