
63©  T O U C H  B R I E F I N G S  2 0 0 9

Diabetes Management  DPP-4 Inhibitors

Pamela M Katz , MD 1 and Lawrence A Lei ter, MD 2

1. Resident, Division of Endocrinology and Metabolism, University of Toronto; 

2. Head, Division of Endocrinology and Metabolism, St Michael’s Hospital, and Professor of Medicine and Nutritional Sciences, University of Toronto

Dipeptidyl Peptidase-4 Inhibitors and the Management of Hyperglycemia

The global prevalence of diabetes has increased dramatically in recent

years and is predicted to rise substantially further to 440 million by

2030.1,2 Patients with type 2 diabetes face an increased risk of

microvascular and macrovascular complications leading to significant

morbidity and mortality and enormous healthcare expenditures. Despite

the proven benefits of intensive glycemic control, particularly with

respect to microvascular disease,3 the evidence-based goals are

frequently not achieved.4

The progressive nature of type 2 diabetes, largely driven by a relentless

decline in beta-cell function, leads to an inevitable need for escalation of

treatment strategies.5–7 Persistent hyperglycemia may hasten this decline

through an effect known as glucotoxicity. Unfortunately, intensification of

therapy has often led to undesirable side effects, including hypoglycemia

and weight gain, and may not adequately control post-prandial glucose

excursions.8 These and other factors contribute to clinical inertia, resulting

in unnecessary and disadvantageous delays to initiation of appropriate

therapy.9–11 Understanding of incretin physiology has led to the

development of novel agents that successfully address several of these

barriers. In this review, we will present the evidence for three DPP-4

inhibitors currently in clinical use: sitagliptin, saxagliptin, and vildagliptin

(not approved in the US at present). Caution must be employed when

comparing efficacy between trials, as the degree of glucose lowering

achieved depends in large part on baseline glycated hemoglobin (HbA1c).

Incretin Physiology
The incretin effect refers to the augmentation of glucose-stimulated

insulin secretion by intestinally derived peptides that are released in the

presence of nutrients or glucose in the gut.12 Two gastrointestinal

peptide hormones mainly mediate this response: glucose-dependent

insulinotropic polypeptide (GIP) and glucagon-like peptide 1 (GLP-1).13,14

GLP-1 and GIP activate G-protein-coupled receptors on pancreatic

beta cells to stimulate insulin secretion.15 GLP-1 also acts on alpha

cells to inhibit the secretion of glucagon, thereby decreasing hepatic

glucose production. Effects on alpha and beta cells are glucose-

dependent, therefore incretin-based therapies carry minimal risk for

hypoglycemia.15 Further effects of GLP-1 include inhibition of gastric

emptying and a sense of satiety, which may contribute to reduced

caloric intake.13–15 The incretin effect is impaired in patients with type 2

diabetes, mainly due to reduced levels of active GLP-1, as well as

defective GIP activity despite normal or increased levels.16–20
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Dipeptidyl Peptidase-4 Inhibitors
Intact, biologically active GLP-1 represents only 10–20% of total

plasma GLP-1.14 GLP-1 and GIP are renally cleared and rapidly

inactivated by the enzyme dipeptidyl peptidase-4 (DPP-4), a widely

expressed serine protease.15

DPP-4 inhibitors are reversible competitive inhibitors of DPP-4 (see

Figure 1). Currently available DPP-4 inhibitors appear similar in their

ability to inhibit DPP-4 activity and give rise to comparable increases in

intact hormone concentrations. Levels of GLP-1 achieved are generally

sufficient to cause increased insulin secretion and decreased glucagon

production, although not sufficient to induce the decreased appetite

and food intake or the subsequent weight loss typically seen with 

GLP-1 analogs.21 By contrast, these orally administered DPP-4 inhibitors

are generally considered weight-neutral and are less commonly

associated with the gastrointestinal side effects of the GLP-1 analogs

such as nausea, vomiting, or diarrhea. 

A potential long-term concern with this class of agents is the

unknown consequences of affecting DPP-4 activity on substrates

other than GLP-1 and GIP.

There may be other important compound-related differences that

ultimately differentiate between the DPP-4 inhibitors. For example,

these agents vary in their routes of metabolism and elimination.22

Sitagliptin does not undergo appreciable metabolism and is primarily

excreted unchanged by the kidney. By contrast, saxagliptin is

hepatically metabolized to an active metabolite via CYP450 3A4/5;

both parent compound and metabolite are renally excreted.

Vildagliptin is hydrolyzed, to a large extent, by the liver to an inactive

compound that is excreted in the urine.

Inhibitors may also differ in their selectivity for DPP-4 over other

related enzymes, such as DPP-8 and DPP-9.22,23 The exact functions of

these enzymes are unknown and the clinical significance of their

inhibition in human subjects, if any, is unclear. Another potential

concern is the specificity of agents for the catalytic activity of DPP-4

over other functions of the DPP-4/CD26 molecule.23 CD26 is a cell-

surface molecule on immune cells and is an important co-stimulatory

molecule in immune activation. Thus, close surveillance of these

agents must continue for potential effects on the immune system,

although there have been no real concerns to date. Finally, there may

also be compound-specific properties unrelated to DPP-4 inhibition

that could result in unwanted side effects from a particular agent.

Implications for Type 2 Diabetes
In animal models, GLP-1 has been shown to expand beta-cell mass by

stimulating beta-cell proliferation and inhibiting beta-cell apoptosis.15,24–27

Similarly, GLP-1 added to freshly isolated human islets improves

glucose responsiveness and protects against apoptotic beta-cell

death.28 In a rodent model of type 2 diabetes, administration of a 

DPP-4 inhibitor increased pancreatic beta-cell mass and improved

glucose-stimulated insulin secretion in isolated islets.29 Thus, incretin-

based therapies may address the issue of beta-cell failure, a key

mechanism underlying disease progression in type 2 diabetes. 

While preliminary results are encouraging, it is important to recognize

that the significance of these findings to human subjects remains to be

established. Recent studies also suggest GLP-1 may have protective

effects on the cardiovascular system.30–33 These observations are

particularly interesting given the high rates of cardiovascular disease

among patients with diabetes; however, a detailed discussion of this

topic is beyond the scope of the current review.

Figure 1: Dipeptidyl Peptidase-4 (DPP-4) Inhibitors Enhance Incretin Levels Through Inhibition of DPP-4

DPP-4= dipeptidyl peptidase-4; GI = gastrointestinal; GIP = glucose-dependent insulinotropic peptide; GLP-1 = glucagon-like peptide 1. *Incretin hormones GLP-1 and GIP are released by the
intestine throughout the day, and their levels increase in response to a meal. In persons with type 2 diabetes, incretin response to caloric intake is severely impaired or diminished.
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In a systematic review and meta-analysis of the early clinical trials on

the use of incretin-based therapy for type 2 diabetes, these agents

lowered HbA1c compared with placebo: weighted mean difference 

-0.97% (95% confidence interval [CI] -1.13 to -0.81%) for GLP-1 analogs

and -0.74% (95% CI -0.85 to -0.62%) for the DPP-4 inhibitors 

sitagliptin and vildagliptin.34 DPP-4 inhibitors were associated with an

increased risk of infections such as nasopharyngitis and urinary tract

infection. Headaches were also reported more commonly, particularly

with vildagliptin.

In 2008, a Cochrane review was published that included 25 studies

ranging from 12 to 52 weeks in duration with a total of 6,743 patients

randomized to sitagliptin and 6,121 patients to vildagliptin.35 Sitagliptin

and vildagliptin therapy resulted in an HbA1c reduction compared with

placebo of approximately 0.7 and 0.6%, respectively. Treatment did

not result in weight gain and was generally well tolerated with no

severe hypoglycemia. Of note, all-cause infection was significantly

increased with sitagliptin therapy, but did not reach statistical

significance for vildagliptin. Importantly, the majority of trials included

in both of these reviews were of short duration, and therefore long-

term safety and efficacy could not be assessed.

Sitagliptin
Sitagliptin (Januvia) is a potent, orally available, highly selective DPP-4

inhibitor. It was the first agent of its class to be available in the US and

is approved for use as an adjunct to diet and exercise alone or in

combination with another oral antihyperglycemic agent.

Monotherapy
Several studies have evaluated sitagliptin for use as monotherapy in

patients with type 2 diabetes and inadequate glycemic control

despite diet and exercise.36–38 Two studies examined the efficacy of

sitagliptin 100 and 200mg compared with placebo and showed

clinically and statistically significant reductions in HbA1c ranging from

-0.48 to -0.94%.36,37 As is typically seen in trials of glucose-lowering

agents, patients with a higher baseline HbA1c (>9%) experienced

greater reductions in HbA1c than those with better glycemic control at

enrolment. Treatment with sitagliptin also resulted in significant

improvements in markers of insulin secretion and beta-cell function

compared with placebo. Key efficacy parameters did not differ

significantly between sitagliptin doses, and subsequent studies have

used 100mg daily. There does not appear to be a significant difference

between once-daily (100mg once daily) and twice-daily (50mg twice

daily) dosing regimens.39 In a pooled cohort of 147 patients in two

monotherapy trials, sitagliptin decreased mean HbA1c from 8.5% at

baseline to 6.9% at two years.40 Compared with initial therapy with

metformin titrated to a maximum of 2,000mg/day, sitagliptin 100mg

daily was found to be non-inferior with respect to the primary end-

point (reduction in HbA1c at 24 weeks).41

Add-on Dual Combination Therapy
In a pooled cohort of 852 patients in two trials of sitagliptin added to

ongoing metformin therapy, HbA1c decreased from a baseline of 8.0 

to 6.9% at two years.40 At 24 weeks, the addition of sitagliptin to

ongoing metformin therapy led to a significant, -0.65% reduction in

HbA1c compared with placebo; 47% of patients achieved an HbA1c

<7% with sitagliptin compared with 18.3% in the placebo-treated

arm.42 Similarly, when added to ongoing treatment with pioglitazone,

sitagliptin resulted in a significant reduction in HbA1c at 24 weeks 

(-0.70%) and a greater proportion of patients reaching glycemic target

with no increased risk of hypoglycemia compared with placebo.43

Sitagliptin has similar glycemic efficacy to other oral agents such as

rosiglitazone or glimepiride as add-on therapy to metformin.44,45

However, the addition of rosiglitazone resulted in a significant

increase in bodyweight (+1.5kg) compared with sitagliptin (-0.4kg) or

placebo (-0.8kg) over 18 weeks.44 In addition, the incidence of

hypoglycemia was significantly higher with glipizide (32%) than with

sitagliptin (5%), and sitagliptin led to weight loss (-1.5kg) rather than

the weight gain (+1.1kg) seen with glipizide (p<0.001) over 52 weeks.45

Add-on Triple Combination Therapy
When combined with glimepiride, with or without metformin, the

overall reduction in HbA1c at 24 weeks by sitagliptin was -0.74% (95%

CI -0.90 to -0.57; p<0.001) relative to placebo, with the greatest

improvement, -0.89%, seen in those patients receiving the triple

therapy.46 In this study, an increase in adverse events was seen in the

sitagliptin group, largely due to a higher incidence of hypoglycemia.

Therefore, sulfonylurea dose adjustment may be required when

adding sitagliptin to ongoing therapy. Another study of triple therapy

showed a significant reduction in HbA1c with sitagliptin compared

with placebo on background metformin and rosiglitazone. At 18

weeks, sitagliptin lowered HbA1c by -0.7% compared with placebo, an

effect that continued out to 54 weeks.47

Add-on Therapy to Insulin
Sitagliptin was recently evaluated as add-on therapy to stable-dose

insulin with or without metformin in patients with type 2 diabetes.48 The

average duration of diabetes was 12 years, with a baseline HbA1c of

8.7% at entry, suggesting a population with more advanced disease.

Patients treated with sitagliptin achieved an additional reduction in

HbA1c of -0.6% at 24 weeks, and significantly more patients achieved

target glycemic control. Interestingly, no increase in bodyweight from

baseline was observed. However, the incidence of hypoglycemia was

significantly greater with sitagliptin (15.5%) compared with placebo

(7.8%). This was likely a result of the study design, as investigators were

discouraged from making insulin dose adjustments during the study

period unless the study subject had symptomatic hypoglycemia.

Initial Combination Therapy
Given what is known about the progressive nature of type 2 diabetes

and the eventual need for multiple antihyperglycemic medications, a

strategy of early combination therapy has been advocated, using

agents that possess complimentary mechanisms of action to enable

more patients to achieve and sustain glycemic control.49,50 Metformin

and sitagliptin may have synergistic effects on the incretin axis; in a

study of individuals with normal glucose tolerance, each agent alone

increased post-meal active GLP-1 concentrations by 1.5- to two-fold,

while their combination raised levels by greater than four-fold.51

In a 24-week study, 1,091 patients with a baseline HbA1c of 8.8% were

randomized to one of six daily treatments involving varying doses of
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sitagliptin and metformin, alone or in combination.52 Indeed, initial

combination therapy provided substantial and additive glycemic

improvements with the most robust response—a placebo-subtracted

reduction in HbA1c from baseline of -2.07%—seen from maximum

dose combination therapy. Glycemic response was generally

sustained at 54 weeks and 104 weeks.53,54 However, an important

limitation of these studies is that only patients who entered the 

28-week continuation period following the initial 26-week trial without

receiving glycemic rescue therapy were included in the analysis,

while the subsequent 52-week extension study included only those

subjects who chose to continue in the trial. Initial combination

therapy was generally well tolerated, with low rates of hypoglycemia.

The combination of sitagliptin and metformin in a single fixed-dose

combination tablet (Janumet) enhances convenience and may

therefore improve adherence and overcome clinical inertia. Initial

fixed-dose combination therapy resulted in a superior HbA1c

reduction and better glycemic goal attainment compared with

metformin monotherapy at 18 and 44 weeks.55,56 Over the 44-week

treatment period, HbA1c reductions from a baseline of 9.9% were 

-2.3% for sitagliptin/metformin and -1.8% for metformin alone,

favoring initial combination therapy. Interestingly, rates of certain

gastrointestinal adverse experiences such as abdominal pain and

diarrhea were lower with combination therapy, suggesting that the

addition of sitagliptin may make metformin more tolerable, although a

specific mechanism for this is lacking.55

Initial combination therapy with sitagliptin and pioglitazone led to a

reduction in HbA1c at 24 weeks of -2.4% from a baseline of 9.5%,

compared with -1.5% with pioglitazone monotherapy.57 Fasting plasma

glucose and measures of beta-cell function were also improved with

initial combination therapy compared with pioglitazone alone.

Chronic Renal Insufficiency
Dose adjustments are recommended for sitagliptin in patients with

moderate to severe renal insufficiency (RI) or end-stage renal disease

(ESRD) (50mg daily if creatinine clearance (CrCl) ≥30 and <50ml/min

and 25mg daily if CrCl <30ml/min).58 Since the fraction of sitagliptin

dose removed by dialysis is small, it can be administered without

regard for timing of hemodialysis in patients with ESRD. 

In a study of patients with moderate to severe RI and a baseline HbA1c

of 7.7%, patients were randomized to receive dose-adjusted sitagliptin

50mg (moderate RI, CrCl >30 and <50ml/min) or 25mg (severe RI, CrCl

<30ml/min, including patients on dialysis) or initial treatment for 12

weeks with placebo followed by active treatment with glipizide.59 At 

12 weeks, the mean change in HbA1c from baseline with sitagliptin was

-0.7% (95% CI -0.9 to -0.4) compared with -0.2% (95% CI -0.4 to 0.1) in

the group receiving placebo. The observed reduction in HbA1c from

baseline with sitagliptin was sustained at 54 weeks. Rates of adverse

experiences were similar between groups, with the exception of

hypoglycemia, which occurred at a lower rate with sitagliptin. 

Safety
In a pooled analysis of 6,139 patients in 12 large, double-blind,

randomized phase IIb and III studies of up to two years’ duration, the

incidence rates of adverse experiences overall, serious adverse

experiences, and discontinuation due to adverse experiences were

similar between the sitagliptin and non-exposed groups (which

included both placebo and active controls).60 There was a higher rate

of drug-related adverse experiences in the non-exposed group,

primarily due to the increased incidence rate of hypoglycemia in

studies in which a sulfonylurea was used as an active comparator. 

Importantly, the small increases in nasopharyngitis and urinary tract

infections observed in the earlier meta-analyses were not confirmed in

this larger study. Overall incidence of cardiovascular- and gastrointestinal-

related adverse experiences, including rates of pancreatitis, did not

differ significantly between the sitagliptin and non-exposed groups.

However, the US Food and Drug Administration (FDA) recently revised

prescribing information for sitagliptin and Janumet (sitagliptin/

metformin) due to 88 post-marketing cases of acute pancreatitis

reported between October 2006 and February 2009 in patients using

these agents.61 The nature of this association is not clear, particularly

as diabetes itself may be a risk factor for pancreatitis. In a recent,

large, retrospective cohort study, patients with type 2 diabetes had an

almost three-fold greater risk of pancreatitis compared with age- and

sex-matched controls without diabetes.62

Saxagliptin and Vildagliptin
Saxagliptin (Onglyza) and vildagliptin (Galvus) are members of the

cyanopyrrolidine chemical class.63,64 Saxagliptin was recently approved

for use in the US as an adjunct to diet and exercise in patients with

type 2 diabetes.65 Vildagliptin is available in Europe and some other

countries around the world, but not yet in the US.

Saxagliptin
Monotherapy
In a dose-ranging study (dose range 2.5–40mg once daily) in drug-

naïve patients with type 2 diabetes, saxagliptin significantly reduced

HbA1c by -0.7 to -0.9% from an average baseline of 7.9% compared

with a 0.3% reduction with placebo at 12 weeks.66 Similar and clinically

meaningful reductions in HbA1c were achieved with all doses of

saxagliptin, with no significant dose–response relationship. A

subsequent trial of saxagliptin monotherapy demonstrated mean

changes in HbA1c (baseline 7.9%) over 24 weeks of -0.43, -0.46, and 

-0.54% for saxagliptin 2.5, 5, and 10mg, respectively, versus +0.19%

for placebo.67 Improvements were also seen in fasting plasma glucose,

post-prandial glucose–area under the curve (AUC), and the proportion

of patients achieving HbA1c <7%. There was no weight gain and the

occurrence of hypoglycemia was similar to that seen with placebo.

The recommended dose of saxagliptin is 2.5 or 5mg once daily,

although 5mg is the proposed usual clinical dose.68

A dose of 2.5mg once daily is recommended for patients with

moderate to severe renal impairment (CrCl ≤50ml/min) or ESRD and

when co-administered with medications that strongly inhibit

cytochrome P450 3A4/5 (CYP3A4/5), for example ketoconazole.68

Add-on Dual Combination Therapy
When added to ongoing metformin therapy, saxagliptin 2.5, 5, and

10mg resulted in statistically significant adjusted mean decreases in
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HbA1c from a baseline of 8.0% of -0.59, -0.69, and -0.58%, respectively,

compared with placebo (+0.13%).69 Reductions were seen at week

four, the earliest time-point assessed, reached a maximum at 12

weeks, and were sustained through 24 weeks of treatment. A greater

percentage of patients achieved target glycemic control without an

increase in hypoglycemia or weight gain. Clinically meaningful

glycemic improvements were sustained up to 102 weeks.70 The

addition of saxagliptin to metformin remained well tolerated with an

overall adverse event profile consistent with that seen at 24 weeks. 

A study by Chacra et al. compared the safety and efficacy of adding

saxagliptin to a submaximal dose of the sulfonylurea glyburide versus

uptitration of sulfonylurea monotherapy in a group of subjects with a

mean baseline HbA1c of 8.4%.71 Patients received either saxagliptin 2.5

or 5mg plus glyburide 7.5mg or glyburide titrated to a maximum of

15mg/day as necessary. Combination therapy resulted in a significantly

greater reduction in HbA1c than maximum sulfonylurea monotherapy,

with more than twice as many patients achieving an HbA1c <7%. In fact,

HbA1c increased by 0.08% from baseline with uptitrated glyburide

compared with decreases in HbA1c of -0.54% and -0.64% with

submaximal sulfonylurea plus saxagliptin 2.5mg and 5mg, respectively.

An increased risk of hypoglycemia, often seen with combination

therapy, particularly involving a sulfonylurea or insulin, was not

observed despite greater glycemic efficacy. 

In a recently published study conducted in patients inadequately

controlled on thiazolidinedione monotherapy (baseline HbA1c 8.3%),

the addition of saxagliptin 2.5 or 5mg resulted in statistically

significant reductions in HbA1c at 24 weeks of -0.66 and -0.94%,

respectively, compared with -0.30% with placebo (p<0.0001).72

Initial Combination Therapy
Initial combination therapy in treatment-naïve patients was evaluated

using metformin 500mg plus saxagliptin 5 or 10mg compared with

monotherapy with saxagliptin 10mg or metformin 500mg plus

placebo. At 24 weeks, combination therapy resulted in statistically

significant improvements in glycemic parameters such as HbA1c,

fasting plasma glucose, and post-prandial glucose AUC, and a similar

tolerability profile to monotherapy with either agent.73

Safety
Clinical trials have shown saxagliptin to be safe and well tolerated

thus far; however, experience with this agent is more limited. Of note,

small, reversible, dose-dependent reductions in mean absolute

lymphocyte count have been observed in studies of saxagliptin. 

To date this has not been associated with adverse clinical

consequences. Similar to vildagliptin, adverse skin toxicology was

reported in studies of saxagliptin in monkeys, although not in human

clinical trials. There are no published studies to date of saxagliptin in

patients taking insulin. 

Vildagliptin
Monotherapy
Monotherapy trials of vildagliptin in drug-naïve patients have shown

significant reductions in HbA1c.74–77 Pooling of data from phase III

monotherapy trials, including placebo or active comparator controls,

using vildagliptin 100mg daily in 1,469 patients produced an adjusted

mean change in HbA1c of -1.0% at 24 weeks, from a baseline of 8.6%.78

Vildagliptin has similar glycemic efficacy whether given as 50mg twice

daily or 100mg once daily.76 An excess in abnormal liver function tests

was observed with the 100mg daily dosage, however, and the current

recommendation in Europe is 50mg twice daily.

In drug-naïve patients with type 2 diabetes and mild hyperglycemia

(HbA1c 6.2-7.5%), treatment with vildagliptin 50mg once daily resulted

in a modest but significant reduction in HbA1c compared with placebo

of -0.3% at one year79 and -0.5% at two years.80 Improvements were also

seen in fasting and post-prandial glucose, as well as insulin-secretory

rate relative to glucose (ISR/G), a reflection of beta-cell function. Thus,

vildagliptin appeared to attenuate the progressive deterioration in

glycemic control seen in patients treated with lifestyle counseling only,

possibly through protective effects on beta-cell function.

Comparative studies have examined the efficacy and tolerability of

vildagliptin relative to monotherapy with acarbose, rosiglitazone,

metformin, and gliclazide.81–85 Vildagliptin and acarbose decreased

HbA1c to a similar extent during 24-week treatment, meeting criteria for

non-inferiority.81 Although bodyweight decreased with acarbose,

vildagliptin was weight-neutral (-1.7 versus -0.4kg; p<0.001) and

resulted in fewer gastrointestinal adverse events compared with

acarbose. Vildagliptin was also found to be as effective as rosiglitazone,

improving HbA1c by -1.1 and -1.3%, respectively, at 24 weeks.82

However, rosiglitazone increased bodyweight and was associated with

more edema than vildagliptin.

In a 52-week study comparing treatment with vildagliptin (100mg daily)

versus metformin (titrated to 2,000mg daily) in drug-naïve patients, both

agents produced rapid, sustained reductions in HbA1c from a baseline of

8.7% of -1.0 and -1.4%, respectively; however, statistical non-inferiority

of vildagliptin was not established.83 These results were sustained in an

extension study at 104 weeks, suggesting durability of response for both

agents.84 Of note, metformin resulted in weight loss compared with

vildagliptin, but was associated with significantly worse gastrointestinal

tolerability (45.6 versus 25.0%; p<0.001). The incidence of hypoglycemia

was similarly low in both groups (<1%).

Another study compared monotherapy with vildagliptin versus

gliclazide in treatment-naïve patients over two years.85 Although the

mean reduction in HbA1c from baseline to week 104 was similar, at 

-0.5% in the group receiving vildagliptin and -0.6% with gliclazide

monotherapy, vildagliptin did not meet the criteria for non-inferiority as

the upper limit of the associated 95% CI for the between-group

difference in mean change HbA1c of -0.13% (-0.06 to 0.33%) was just

above the cut-off of 0.3%.

Add-on Dual Combination Therapy
When added to ongoing metformin therapy in patients with inadequate

glycemic control, vildagliptin was well tolerated and produced

clinically meaningful reductions in HbA1c in studies of up to one

year.86–88 In a 24-week study, patients with a baseline HbA1c of 8.4%

were treated with vildagliptin 50mg daily, 100mg daily, or placebo and

continued a stable metformin dose regimen. Placebo-adjusted mean
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change from baseline to end-point was -0.7 and -1.1% in patients

receiving 50 and 100mg, respectively, suggesting a dose–response

effect.87 Improvements were also seen in fasting and post-prandial

glucose levels. Gastrointestinal adverse events were significantly less

frequent among patients who received vildagliptin 50mg daily in

combination with metformin than in those receiving metformin and

placebo,87 again suggesting that the addition of a DPP-4 inhibitor may

improve the tolerability of metformin. 

Vildagliptin was non-inferior to pioglitazone as add-on therapy to stable-

dose metformin over 24 weeks, with comparable HbA1c reductions

maintained in both groups during a 28-week extension period.89,90

Hypoglycemia occurred rarely in both groups; however, pioglitazone

caused significant weight gain from a baseline of 2.4kg compared with

vildagliptin. Vildagliptin demonstrated comparable glycemic efficacy to

glimepiride when added to ongoing metformin and displayed favorable

tolerability with reduced bodyweight relative to glimepiride and a 10-fold

lower incidence of hypoglycemia at 52 weeks.91 Vildagliptin (50 or 100mg

daily) was also well tolerated and improved glycemic control compared

with placebo in patients failing monotherapy with a sulfonylurea92 or

thiazolidinedione93 in studies of 24 weeks duration. 

Add-on Therapy to Insulin
Vildagliptin was studied in 296 patients with type 2 diabetes

inadequately controlled on insulin monotherapy.94 The mean diabetes

duration on entry was 14.7 years, duration of insulin use six years, and

mean insulin dose 82 units per day, indicating advanced disease. The

adjusted mean change in HbA1c from a baseline average of 8.4% to 24

weeks was -0.5 and -0.2% in patients receiving vildagliptin and placebo,

respectively. Although somewhat modest, the between-treatment

difference was significant. Hypoglycemic events were less common and

less severe among patients receiving vildagliptin compared with

placebo, which is in contrast to the previously mentioned study of

sitagliptin added on to insulin, likely because this study design allowed

adjustments of insulin dose. 

Initial Combination Therapy
The efficacy and safety of initial combination therapy with vildagliptin/

metformin (Eucreas) was studied in treatment-naïve patients with type

2 diabetes.95 Patients were randomized equally to receive vildagliptin

plus high-dose metformin combination therapy (50mg + 1,000mg

twice daily), vildagliptin plus low-dose metformin (50mg + 500mg twice

daily), vildagliptin monotherapy (50mg twice daily), or high-dose

metformin monotherapy (1,000mg twice daily). Mean change in HbA1c

from baseline was greater with combination therapy than with either

agent as monotherapy. Rates of hypoglycemia were low with all

treatment strategies. However, vildagliptin plus low-dose metformin

combination therapy resulted in better gastrointestinal tolerability

than metformin monotherapy. First-line treatment with combination

vildagliptin and pioglitazone also provided better glycemic control

than either component monotherapy and was well tolerated with low

risk of hypoglycemia.96

Safety
In a large pooled safety analysis, a slightly higher risk of mild 

liver enzyme elevation (aspartate aminotransferase [AST]/alanine

sminotransferase [ALT] >3 x upper limit of normal [ULN]) was observed

with vildagliptin relative to comparators, although this did not translate

into an increased risk for hepatic adverse events.97 Nonetheless,

assessment of hepatic function is recommended prior to initiation of

therapy and monitoring should continue while on treatment, consistent

with the product label. Use of vildagliptin is not recommended in

patients with moderate to severe renal impairment, including patients

on hemodialysis, due to lack of clinical experience.

Vildagliptin 50mg once or twice daily was not associated with an

increased risk of pancreatitis-related adverse experiences relative to

comparators.98 Another analysis showed no increased risk of infections

and infestations with vildagliptin.99

The cardiovascular safety of vildagliptin was assessed in a meta-analysis

of 20 phase III double-blind clinical trials including 6,978 patients treated

with vildalgiptin compared with 4,773 patients in placebo or active-

controlled treatment groups. Vildagliptin was not associated with an

increased risk for adjudicated cardiovascular and cerebrovascular

events: odds ratio 0.89 (95% CI 0.75–1.05) and 1.05 (95% CI 0.97–1.15) for

vildagliptin 50mg once daily and 50mg twice daily, respectively.100

Comparison of Agents
Although several studies are under way, at present little evidence

exists from direct head-to-head studies to distinguish among the 

DPP-4 inhibitors or compare these agents with GLP-1 analogs with

respect to efficacy or safety. One study compared the effectiveness of

vildagliptin (50mg twice daily) and sitagliptin (100mg once daily) in just

63 patients using metformin and/or other hypoglycemic agents and/or

insulin over six months.101 Baseline HbA1c was 8.0% for sitagliptin and

7.9% for vildagliptin with reduction to 7.4 and 7.0%, respectively

(p=0.28). Patients treated with vildagliptin presented with a higher

post-prandial glucose; however, no differences were observed on

comparison of the two drugs. 

Conclusions
The development of novel incretin-based therapies has expanded our

armamentarium of agents for the management of type 2 diabetes. 

DPP-4 inhibitors possess a mechanism of action complementary to

currently existing therapies and have demonstrated efficacy across a

broad range of treatment contexts. They effectively lower HbA1c when

used as monotherapy or in combination with other antihyperglycemic

medications. Even in patients already on insulin, with more advanced

disease, and the presence of significant beta-cell failure, DPP-4 inhibitors

continue to lower glucose, likely due in part to beneficial effects on the

pancreatic alpha cell and suppression of glucagon production. 

Although head-to-head studies comparing existing DPP-4 inhibitors

are lacking, they do not appear to differ significantly with respect to

glycemic efficacy. Compound-related differences may ultimately

differentiate between agents in this class. 

Established benefits of DPP-4 inhibitors include their neutral effect on

weight profile and a glucose-dependent mechanism of action, which

minimizes the risk of hypoglycemia. DPP-4 inhibitors are also convenient

to take due to their oral route of administration independent of meal
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consumption. These favorable characteristics may help clinicians and

patients overcome clinical inertia, thereby facilitating therapy

intensification and achievement of recommended glycemic targets.

Another encouraging feature is their potential disease-modifying effects,

including preservation of pancreatic beta-cell mass and enhancement of

beta-cell function. 

Overall, these medications appear safe and well tolerated. However, the

durability of their effects and the long-term safety profile of these agents

remain to be established. In addition, data are as yet lacking for

important patient-centered outcomes such as diabetes complications,

cost of therapy, and health-related quality of life, although long-term

outcome studies are being initiated.102 Further studies and clinical

experience will help to clarify the precise role that DPP-4 inhibitors will

play in the management of type 2 diabetes. n
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