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Aims: To characterize the glycaemic efficacy and safety of initiation of the dipeptidyl peptidase-

4 inhibitor sitagliptin during metformin dose escalation in people with type 2 diabetes (T2D) not

at glycated haemoglobin (HbA1c) goal on a sub-maximal dose of metformin.

Materials and methods: Study participants with HbA1c ≥58 mmol/mol and ≤97 mmol/mol

(≥7.5% and ≤11.0%) while on 1000 mg/d metformin were randomized to sitagliptin 100 mg

once daily or placebo. All were to uptitrate metformin to 2000 mg/d. A longitudinal data analy-

sis model was used to test the primary hypothesis that sitagliptin is superior to placebo when

initiated during uptitration of metformin in reducing HbA1c at week 20. [ClinicalTrials.gov Iden-

tifier: NCT02791490, EudraCT: 2015-004224-59]

Results: A total of 458 participants (mean HbA1c 71.1 mmol/mol [8.7%], T2D duration 6.3 years)

were treated. After 20 weeks, the least squares (LS) mean changes from baseline in HbA1c

were −12.1 mmol/mol (−14.0, −10.1) (−1.10% [−1.28, −0.93]) and −7.6 mmol/mol (−9.6, −5.6)

(−0.69% [−0.88, −0.51]) with sitagliptin and placebo, respectively; the between-group differ-

ence in LS mean changes from baseline HbA1c was −4.5 mmol/mol (−6.5, −2.5) (−0.41%

[−0.59, −0.23]); P < 0.001. The likelihood of having HbA1c <53 mmol/mol (<7.0%) at week

20 was higher in the sitagliptin group than in the placebo group in the overall population (rela-

tive risk 1.7, P = 0.002) and in those with a baseline HbA1c ≥69 mmol/mol (≥8.5%) (relative risk

2.4, P = 0.026). There were no notable differences between groups with regard to adverse

events overall, hypoglycaemia events, changes in body weight or other safety variables.

Conclusion: In participants not at HbA1c goal on a sub-maximal dose of metformin, addition of

sitagliptin at the time of metformin dose uptitration improved glycaemic response and HbA1c

goal attainment, with similar safety and tolerability, compared to metformin uptitration alone.
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1 | INTRODUCTION

Clinical practice guidelines recommend that hyperglycaemia in

patients with type 2 diabetes (T2D) be controlled through a

comprehensive management strategy including lifestyle modification

and, as needed, pharmacotherapy.1,2 While glycaemic treatment tar-

gets are individualized based on patient-specific considerations, a gly-

cated haemoglobin (HbA1c) concentration of <53 mmol/mol (<7.0%)
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is considered a typical treatment target for most patients with T2D,

and anti-hyperglycaemic agents (AHAs) are usually initiated and inten-

sified in a stepped-care fashion, based on glycaemic response relative

to this goal. Because of its favourable efficacy, safety and cost, met-

formin is the first-line AHA for most patients with T2D. It is typically

initiated at 500-1000 mg/d, with dose escalations occurring as

required, based on HbA1c re-assessments, up to doses of 2000 to

2500 mg/d.2 If dose uptitration of metformin monotherapy does not

result in HbA1c goal attainment, one or more other AHAs are added.

This stepped-care approach can substantially delay HbA1c goal

attainment in patients who ultimately require two or more AHAs for

optimal glycaemic control. A recent analysis of observational data in

the United Kingdom indicated that only 25% of patients with T2D

with HbA1c ≥53 mmol/mol (≥7.0%) received treatment intensification

within 12 months.3 Further, the likelihood of attaining glycaemic con-

trol was significantly lower for patients with delayed intensification.

More aggressive approaches may therefore be considered in patients

who are well above their HbA1c goal. Clinical practice guidelines rec-

ommend that initial treatment with two AHAs be considered for

patients presenting with an HbA1c level well above target. For exam-

ple, HbA1c thresholds for initiation of dual therapy of 58 mmol/mol

(7.5%) and 75 mmol/mol (9.0%) have been recommended by the Ameri-

can Association of Clinical Endocrinologists and the American Diabetes

Association/European Association for the Study of Diabetes, respec-

tively.1,2 However, practice recommendations do not yet provide guid-

ance regarding an optimal approach to treatment intensification for

patients who are well above their HbA1c target on metformin mono-

therapy at a sub-maximal dose. For some such patients, it may be rea-

sonable to consider initiation of a second AHA in parallel with, instead

of following, metformin dose escalation.

Dipeptidyl peptidase-4 (DPP-4) inhibitors block DPP-4-mediated

degradation of the incretin hormones glucagon-like peptide-1 and

glucose-dependent insulinotropic peptide, thereby promoting

glucose-dependent insulin secretion and improved glucose control. Sita-

gliptin is among the DPP-4 inhibitors approved for the treatment of T2D

as monotherapy and in combination with other AHAs.4 When used in

combination with metformin, sitagliptin provides clinically meaningful

improvement in glycaemic control and is generally well tolerated, without

body weight gain or increased incidence of hypoglycaemia5–8; however,

these studies have evaluated sitagliptin as add-on therapy to patients on

stable doses of metformin, or as initial co-administration with metformin.

The present study, CompoSIT-M (Comparison of SITagliptin

vs. placebo during Metformin uptitration), was designed to characterize,

in participants with T2D who were not at HbA1c goal on a sub-maximal

dose of metformin, the glycaemic efficacy and safety of metformin dose

uptitration, with and without simultaneous initiation of sitagliptin.

2 | METHODS

2.1 | Study population

Eligible study participants were men and women, aged ≥18 years, with

T2D, with a body mass index of ≥18 kg/m2, and either not on any AHA

for ≥8 weeks (≥12 weeks if previously taking thiazolidinediones) with

HbA1c ≥69 mmol/mol and ≤108 mmol/mol (≥8.5% and ≤12.0%), or on

a stable (≥8 weeks) monotherapy regimen of immediate release (IR) or

extended release (XR) metformin at a dose of 1000 mg/d, a sulphony-

lurea, a glinide, or an α-glucosidase inhibitor, with an HbA1c ≥58 mmol/

mol and ≤97 mmol/mol (≥7.5% and ≤11.0%). After a 6- to 10-week

metformin IR stabilization period, all participants had an HbA1c ≥58

mmol/mol and ≤97 mmol/mol (≥7.5% and ≤11.0%) prior to the start of

a 2-week placebo run-in before randomization, and a fasting finger-stick

glucose level >6.7 mmol/L and <15.0 mmol/L at randomization.

Participants were excluded from the study if they had type 1 dia-

betes, a history of ketoacidosis, significant cardiovascular disease, a

history of malignancy, or use of any AHA other than as described

above. Participants were also excluded for any history of intolerance

or hypersensitivity to DPP-4 inhibitors or metformin, including indi-

viduals taking metformin 1000 mg/d but with evidence of intolerance

to that dose or prior intolerance to a higher dose. Laboratory exclu-

sion criteria included: estimated glomerular filtration rate <60

mL/min/1.73 m2 (calculated using the Modification of Diet in Renal

Disease formula9); serum alanine aminotransferase or aspartate ami-

notransferase levels >2 times the laboratory upper limit of normal;

haemoglobin <110 g/L (men) or <100 g/L (women); thyroid-

stimulating hormone level outside the central laboratory normal range;

and triglycerides >6.8 mmol/L.

Written informed consent was obtained from all study participants.

2.2 | Study design

The study was a multinational, double-blind, randomized, placebo-

controlled clinical trial, and included the following: a ≤2-week screen-

ing period; a period after completion of screening to allow glycaemic

stabilization on metformin IR 1000 mg/d (500 mg twice daily) which

was ≥10, ≥8 or ≥6 weeks for those on no AHA at screening, those

transitioning to metformin IR from a non-metformin AHA, and those

already taking 1000 mg/d metformin (IR or XR) at screening, respec-

tively; a 2-week single-blind placebo run-in period; a 20-week double-

blind treatment period; a post-treatment telephone call ~2 weeks

after the final dose of study medication (Figure 1).

After the placebo run-in period, participants were randomized cen-

trally, using an interactive voice response system, in a 1:1 ratio to sita-

gliptin or matching placebo. Randomization was stratified based on the

participants' use of AHAs at screening (not on AHA; on permissible

non-metformin AHA; on metformin IR or metformin XR 1000 mg/d).

All participants were to increase the dose of IR to 1500 mg/d (1000 mg

morning, 500 mg afternoon) on the day of randomization and to

2000 mg/d (1000 mg twice daily) on day 8. Any participant unable to

tolerate metformin IR 1000 mg twice daily by week 6 was to continue

on the highest dose of metformin IR they had tolerated for the remain-

der of the study. Clinic visits occurred at screening, prior to the metfor-

min IR stabilization period (8-12 weeks pre-randomization), prior to the

placebo run-in (2 weeks pre-randomization), randomization (week 0)

and weeks 6, 14 and 20 post-randomization. Telephone contacts

occurred 9 days after randomization to confirm appropriate uptitration

of metformin IR, and 14 days after the last dose of study medication.

During the 20-week double-blind study period, participants with

fasting plasma glucose (FPG) measurements consistently greater than
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specified thresholds (FPG >15 mmol/L after randomization and

through week 6; FPG >13.3 mmol/L after week 6) were to receive gly-

caemic rescue therapy while also continuing double-blind study medica-

tion. The specific rescue therapy was determined by the investigator but

could not include a DPP-4 inhibitor or an increase in the metformin dose.

The study (MK-0431-848; NCT02791490, EudraCT: 2015-

004224-59) was conducted in accordance with the principles of Good

Clinical Practice and approved by the appropriate institutional review

boards and regulatory agencies.

2.3 | Study evaluations

All objectives of this study were to compare the effects of metformin

uptitration plus the addition of sitagliptin to those of metformin upti-

tration alone after 20 weeks of treatment. The primary objectives

were to compare (a) the reduction from baseline in HbA1c and

(b) overall safety and tolerability. Secondary objectives were to com-

pare (a) the percentage of participants at the HbA1c goal of <53

mmol/mol (<7.0%), (b) the reduction from baseline in FPG, (c) the per-

centage of participants with baseline HbA1c ≥69 mmol/mol (≥8.5%)

at the HbA1c goal of <53 mmol/mol (<7.0%), and (d) the percentage

of participants who received glycaemic rescue therapy. Hypotheses

were that HbA1c reduction (primary), the proportion at HbA1c goal of

<53 mmol/mol (<7.0%) (secondary), and FPG reduction (secondary)

would be greater with uptitration of metformin plus the addition of

sitagliptin compared to uptitration of metformin alone.

2.4 | Efficacy assessments

Measurements of HbA1c and FPG were collected at the screen-

ing visit, prior to the placebo run-in, at baseline (pre-dose on the

day of randomization) and at 6, 14 and 20 weeks after

randomization.

2.5 | Safety assessments

Adverse events (AEs) were collected at all study visits and during

telephone contacts. Protocol-specified safety assessments included

physical examinations (week −2 and week 20), body weight (all

visits), heart rate and blood pressure measurements (screening and

all visits from week −2 to week 20), clinical chemistries (screening,

week −2, randomization and week 20) and serum lipids (randomiza-

tion and week 20). Routine haematology panel and urine dipstick

were performed at screening and a 12-lead ECG was performed at

week −2. Urine or serum pregnancy tests were performed for

women of child-bearing potential at screening and all study visits

between randomization and week 20. Documented symptomatic

hypoglycaemia was defined as symptoms consistent with hypogly-

caemia and a concurrent glucose measurement of ≤3.9 mmol/L. Se-

vere hypoglycaemia was defined as an episode of confirmed or

suspected hypoglycaemia which required the assistance of another

individual for recovery, regardless of whether such assistance was

obtained.

On Met-IR or -XR 
1000 mg/d w/HbA1c 
≥58 - ≤97 mmol/mol

(≥7.5 - ≤11.0%)

On one allowed AHA*
w/HbA1c 

≥58 - ≤97 mmol/mol
(≥7.5 - ≤11.0%)

Not on any AHA 
w/HbA1c 

≥69 - ≤108 mmol/mol
(≥8.5 - ≤12.0%)

Met-IR
1000 mg/d
≥6 weeks

Met-IR
1000 mg/d
≥8 weeks

R

Add
Single Blind

Placebo

Met-IR
1000 mg/d
≥10 weeks

Met-IR 1000 mg twice daily +
Sitagliptin 100 mg once daily (N=229)

Met-IR 1000 mg twice daily + 
Placebo once daily (N=229)

Follow-up

Post-

treatment

Period
Double-blind Treatment PeriodPlacebo

run-in

6-10 week

stabilizaton

Screening

(≤2 weeks)

Visit 2Visit 1
Screening

Visit 3
Week -2

Visit 4
Day 1

Randomization†

Visit 5
Week 6

Visit 6
Week 14

Visit 7
Week 20

14-Day
Post-treatment

Telephone
Contact

HbA1c ≥58 - ≤97 mmol/mol 
(≥7.5 - ≤11.0%);

FPG  ≤15.0 mmol/L

Met-IR
uptitration†Met-IR 500 mg twice daily

FIGURE 1 Study design. AHA, anti-hyperglycaemic agent; HbA1c, glycated haemoglobin; FPG, fasting plasma glucose; Met-IR, metformin

immediate release; Met-XR, metformin extended release. *Allowable AHAs at visit 1/screening: α-glucosidase inhibitors, glinides or
sulphonylureas. †Begin 1500 mg Met-IR at visit 4/randomization. Met-IR uptitration to 2000 mg/d at ~7 days post-randomization
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2.6 | Statistical analyses

The primary analysis population for all efficacy endpoints included all

randomized participants who received at least one dose of double-

blind study medication and had a baseline or post-baseline observa-

tion for the analysis endpoint. Safety analyses included all randomized

participants who received at least one dose of double-blind study

medication. Efficacy analyses excluded data collected after the initia-

tion of glycaemic rescue therapy or after sustained use (defined as >7,

not necessarily consecutive, days) of prohibited AHAs (any AHA other

than metformin and double-blind study medication). All safety ana-

lyses except hypoglycaemia included all data collected, including

events that occurred after rescue. For analyses of hypoglycaemia, data

collected after the initiation of glycaemic rescue therapy were

excluded. Safety analyses included data collected from initiation of

treatment up to the 2-week post-treatment follow-up period for AEs

and hypoglycaemia, and up to 5 days post-treatment for laboratory

endpoints and vital signs. Efficacy analyses included data collected up

to 5 days after the last dose of study medication.

For the analyses of change from baseline in HbA1c, a longitudinal

data analysis model10 was used, including terms for treatment (sita-

gliptin or placebo), AHA status at screening, time (categorical), and the

interactions of time by treatment and of time by AHA status at

screening, with a constraint that the true mean at baseline is common

to both treatment groups within each AHA status group at screening

(which is valid as a result of randomization). The same model was used

to analyse change from baseline FPG. For the analysis of percentages

of individuals at an HbA1c goal, participants were categorized as at

goal or not at goal based on observed data (if available); missing data

at week 20 were imputed using the longitudinal data analysis model

described above. All estimated relative risks, P values, and confidence

intervals (CIs; HbA1c goal only) and between-group differences in

proportion and CIs for efficacy endpoints and safety evaluations were

computed based on the Miettinen and Nurminen method.7

A sample size of 190 randomized participants per group (total

enrolment of 380 participants) was estimated to provide 93% power

to establish that uptitration of metformin plus the addition of sitaglip-

tin is superior to uptitration of metformin alone in lowering HbA1c at

α = 0.05 (two-sided), assuming an underlying treatment difference of

−4.4 mmol/mol (−0.4%). As a result of an unexpectedly large number

of participants screened at the end of the recruitment period, the

number of participants randomized was 458 (229 per group). Based

on a post hoc power calculation performed to provide information

regarding the impact of over-enrolment, power with the actual sample

size was 96%, given the same assumptions used for the original power

calculations (except for sample size).

The study-wise type I error rate was controlled at α = 0.05 (two-

sided) using an ordered testing procedure. First the change from base-

line in HbA1c was tested. If the success criterion for HbA1c was met,

the first secondary hypothesis for HbA1c goal of <53 mmol/mol

(<7.0%) at week 20 would be tested. If the success criterion for the

first secondary hypothesis was met, then the second secondary

hypothesis for FPG was tested. All three tests were conducted at

α = 0.05 (two-sided).

3 | RESULTS

3.1 | Patient disposition and characteristics

The study was conducted at 68 sites in eight countries (a list of inves-

tigators can be found in Table S1) and was initiated on 21 June 2016

and completed on 1 February 2018. A total of 1100 patients were

screened and 458 were randomized.

Baseline demographics and disease characteristics were generally

balanced between the treatment groups (Table 1). The mean age of

patients in the study was 55.5 years, 60.0% were female, mean body

mass index was 31.3 kg/m2, mean HbA1c was 71.1 mmol/mol (8.7%)

and mean duration of T2D was 6.3 years. At screening, 77.9% of par-

ticipants were taking metformin 1000 mg/d, 15.9% were on no AHA

and 6.1% were on a single non-metformin AHA.

Of the 229 participants uptitrating metformin plus sitagliptin (hence-

forth referred to as the sitagliptin group) and the 229 uptitrating metfor-

min alone (henceforth referred to as the placebo group), a total of

447 (97.6%) completed the study (226 [98.7%] in the sitagliptin group

and 221 [96.5%] in the placebo group); and 439 (95.9%) completed the

study on blinded study medication (223 [97.4%] in the sitagliptin group

and 216 [94.3%] in the placebo group). Reasons for discontinuation from

the study were similar in the two groups, with withdrawal by participant

choice being the most common (Figure S1). Reasons for withdrawal from

study medication were also similar between groups, but more varied

(Figure S1). Over 97% of all study participants increased their metformin

dose from 1000 mg/d (500 mg twice daily) at randomization to

2000 mg/d (1000 mg twice daily) by 15 days post-randomization as

required per protocol, and 94.1% (92.1% on sitagliptin and 96.1% on pla-

cebo) were taking 1000 mg twice daily metformin at study completion.

3.2 | Efficacy

After 20 weeks of treatment, the least squares (LS) mean change from

baseline in HbA1c was significantly greater with sitagliptin (−12.1

mmol/mol [95% CI −14.0, −10.1] [−1.10% {95% CI −1.28, −0.93}])

compared with placebo (−7.6 mmol/mol [95% CI −9.6, -5.6] [−0.69%

{95% CI −0.88, −0.51}]; Table 2 and Figure 2A); the between-group

difference was −4.5 mmol/mol (95% CI −6.5, −2.5) (−0.41% [95% CI

−0.59, −0.23]); P < 0.001. HbA1c decreased from baseline in both

groups by week 6, and the extent of HbA1c reduction was greater in

the sitagliptin than the placebo group at all post-randomization time

points (Figure 2A). As HbA1c was stable from weeks 14 to 20 in the

sitagliptin group, but continued to trend downward in the placebo

group, the between-group difference in HbA1c response diminished

somewhat between week 14 (−6.5 mmol/mol [95% CI −8.3, −4.7]

[−0.60% {95% CI −0.76, −0.43}]) and week 20. Between-treatment

differences in the HbA1c response in subgroups defined by baseline

HbA1c, age, gender and AHA status at screening were generally con-

sistent with those observed in the overall population (Figure S2).

The proportion of participants at HbA1c <53 mmol/mol (<7.0%)

after 20 weeks was greater with sitagliptin than with placebo in the

overall study population (28.8% vs. 16.6%; relative risk of 1.7 [95% CI

1.2, 2.5]; P = 0.002) as well as in the subgroup with baseline HbA1c

≥69 mmol/mol (≥8.5%) (15.6% vs. 5.7%; relative risk of 2.4 [95% CI
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1.1, 5.3]; P = 0.026 [Table 2 and Figure 2B]). There was also a greater

decrease in FPG after 20 weeks in the sitagliptin group, with a

between-group difference in change from baseline in FPG of

−0.7 mmol/L (95% CI −1.1, −0.3; P = 0.002 [Table 2 and Figure 2C]).

The proportion of participants receiving glycaemic rescue therapy dur-

ing the study was low in both treatment groups (Kaplan-Meier esti-

mate 1.4% [95% CI 0.4, 3.6] and 3.2% [95% CI 1.4, 6.2] in the

sitagliptin and placebo groups, respectively).

3.3 | Safety and tolerability

The incidences of AEs, including those assessed by the investigator as

being related to study medication, were similar in the two treatment

groups (Table 3). No deaths were reported during the study. The

incidence of serious AEs (SAEs) was low and similar in the two groups

and no drug-related SAEs were reported. The incidences of specific

AEs by system organ class for which ≥4 AEs were reported in at least

one treatment group were also generally similar in the two groups

(Table S2). The only specific AEs for which the 95% CI for the

between-group difference in incidence excluded zero were dyspepsia

and tonsillitis, which were both reported at higher incidences in the

placebo group. There were no notable changes from baseline or

between-group differences in blood pressure, heart rate, body weight,

routine chemistry or lipid analyses. The observed incidence of docu-

mented symptomatic hypoglycaemia events was low in both groups

and the 95% CI for the between-group difference in incidence

included zero (difference 1.7 [95% CI −0.8, 4.8]; Table 3). No severe

hypoglycaemia events were reported in the study.

4 | DISCUSSION

This study assessed glycaemic response over 20 weeks of treatment

in individuals with T2D not at glycaemic target (HbA1c <7.0%) on a

stable, sub-maximally efficacious dose of metformin (1000 mg/d),

who underwent metformin dose escalation with or without simulta-

neous initiation of sitagliptin (100 mg/d). The primary and secondary

efficacy hypotheses of glycaemic superiority of sitagliptin compared

with placebo in this treatment intensification scenario were met, with

no meaningful differences in the incidence of AEs or documented

symptomatic hypoglycaemia and without body weight gain. These

results are consistent with the extensive body of data demonstrating

that sitagliptin effectively and safely improves glycaemic control when

used in combination with metformin.5–8

From a patient management perspective, the observed response

to metformin dose escalation alone is notable. Although increasing

the dose of metformin from 1000 to 2000 mg/d resulted in a clinically

meaningful reduction from baseline HbA1c of 7.6 mmol/mol (0.69%),

glycaemic goal attainment was poor, with only approximately one in

six participants (16.6%) in the overall population, and one in 18 partici-

pants (5.7%) in the sub-population with baseline HbA1c ≥69 mmol/

mol (≥8.5%), achieving HbA1c <53 mmol/mol (<7.0%). Two previous

24-week studies assessed HbA1c responses to the same metformin

dose increase (from 1000 to 2000 mg/d) as that assessed in the pre-

sent study. Filozof et al.11 reported HbA1c reduction of 0.37% from a

baseline of 7.3%, with 43.5% of participants at HbA1c of <7.0%, and

Weissman et al. reported HbA1c reduction of 0.71% from a baseline

of 7.97%, with 48.4% of participants at HbA1c of <7.0%.12 The higher

percentage of participants at HbA1c goal reported in these studies

compared with the present study may be largely attributable to the

lower baseline HbA1c levels in the earlier studies (7.3% and 7.97%)

than in the present study (8.7%). However, the similar rate of HbA1c

goal attainment in these two prior studies is surprising given their sub-

stantial baseline HbA1c differences and may reflect differences in

what is often observed as a “trial effect”. Collectively, these two stud-

ies and the present study illustrate that the potential for metformin

dose uptitration to result in HbA1c goal attainment is substantially

determined by proximity to the HbA1c target at the time of dose upti-

tration. Future analyses of data from the present study may better

TABLE 1 Baseline demographic, anthropometric and disease

characteristics of study treatment groups based on all treated patients

Characteristic
Sitagliptin Placebo
N = 229 N = 229

Age, y 55.6 ± 10.5 55.3 ± 10.4

Female, n (%) 139 (60.7) 136 (59.4)

Race, n (%)

White 167 (72.9) 155 (67.7)

Multiple 31 (13.5) 39 (17.0)

American-Indian/Alaska
native

23 (10.0) 27 (11.8)

Black or African-American 8 (3.5) 7 (3.1)

Asian 0 (0.0) 1 (0.4)

Ethnicity, n (%)

Hispanic or Latino 147 (64.2) 151 (65.9)

Not Hispanic or Latino 78 (34.1) 70 (30.6)

Not reported/unknown 4 (1.7) 8 (3.5)

Geographic region, n (%)

Americas 181 (79.0) 186 (81.2)

Europe 48 (21.0) 43 (18.8)

Duration of T2D, y 6.4 ± 5.7 6.3 ± 6.2

Body weight, kg 83.7 ± 19.0 83.4 ± 22.8

BMI, kg/m2 31.3 ± 5.5 31.2 ± 7.0

HbA1c, mmol/mol 70.9 ± 10.1 71.4 ± 10.6

HbA1c, % 8.6 ± 0.9 8.7 ± 1.0

Baseline HbA1c ≥69 mmol/mol
(≥8.5%), n (%)

122 (53.3) 122 (53.3)

FPG, mmol/La 10.1 ± 2.3 10.2 ± 2.5

eGFR, mL/min/1.73 m2 116.1 ± 34.8 115.3 ± 34.9

AHA status at screeningb, n (%)

Not on an AHA 36 (15.7) 37 (16.2)

On non-metformin AHA 15 (6.6) 13 (5.7)

On metformin IR or
metformin XR 1000 mg/d

178 (77.7) 179 (78.2)

Abbreviations: AHA, anti-hyperglycaemic agent; BMI, body mass index;
FPG, fasting plasma glucose; eGFR, estimated glomerular filtration rate;
HbA1c, glycated haemoglobin; IR, immediate release; T2D, type 2 diabetes;
XR, extended release.
Values are mean ± SD, unless otherwise indicated.
a To convert to mg/dL multiply mmol/L value by 18.
b One participant, enrolled in error, was on both metformin and a sulpho-
nylurea at screening and is included in the “On metformin IR or metfor-
min XR 1000 mg/d” row.
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delineate the relationship between baseline HbA1c and the likelihood

of glycaemic goal attainment with metformin dose uptitration alone to

clarify the patient population most appropriate for initiation of a sec-

ond AHA prior to metformin dose uptitration.

In the context of the present study, an additional patient manage-

ment consideration is clinical or therapeutic inertia, i.e. the failure to

initiate or intensify therapy when indicated. This is a common, long-

recognized factor limiting HbA1c goal attainment in many patients

with T2D, attributed to multiple clinician-related factors including lack

of treatment target awareness and concerns regarding patient adher-

ence and potential for medication side effects.13–18 Multiple studies,

including those in patients on metformin monotherapy, have demon-

strated median delays in excess of 1 year to appropriate treatment

intensification for patients with T2D not at HbA1c goal.19 Given its

multifactorial nature, clinical inertia is a challenging issue to address;

however, safe, effective and convenient treatment-intensification

strategies should be enabling in this regard. Given the favourable effi-

cacy and safety results of the present study, sitagliptin addition at the

time of metformin dose uptitration may be an appropriate treatment-

intensification strategy for many patients. Approaches such as this for

initiating appropriately aggressive treatment strategies in a timely

fashion have the potential to address clinical inertia effectively and

accelerate HbA1c goal attainment. This is of particular importance in

the context of treatment with medications that require dose titration.

Reassessment of the likelihood of goal attainment in a dynamic man-

ner, during the dose escalation process, can reduce patients' overall

hyperglycaemic burden.

Strengths of the present study include the randomized, double-

blind design, the high completion rate and the high degree of adher-

ence to protocol-mandated metformin uptitration. Additionally, the

study used broad enrolment criteria, resulting in a study population

generally representative of the T2D population receiving metformin,

although there was minimal enrolment of black or Asian participants.

The study was limited by assessment focused only on early initiation

with sitagliptin at the time of metformin uptitration. Given the clinical

profile similarities across the DPP-4 inhibitor drug class, other mem-

bers of the same drug class may well have similar effects, and use of

other AHA classes may also be beneficial in this treatment paradigm.

Future studies on other AHAs would help to clarify optimal patient-

specific treatment-intensification options in this scenario.

In summary, sitagliptin was both efficacious and well tolerated

when initiated simultaneously with metformin dose escalation, com-

pared with the more conservative approach of metformin dose escala-

tion alone. These data indicate that early initiation of sitagliptin may

be a safe and effective treatment-intensification strategy for many

patients with T2D who are not at HbA1c goal on a sub-maximal dose

of metformin. Early initiation of sitagliptin may therefore effectively

TABLE 2 Efficacy endpoints at week 20

Parameter Sitagliptin Placebo

HbA1c N = 229 N = 229

Baseline, mmol/mol (%) 70.9 ± 10.1 (8.6 ± 0.9) 71.4 ± 10.6 (8.7 ± 1.0)

Week 20, mmol/mol (%) 59.6 ± 12.5 (7.6 ± 1.1) 63.2 ± 12.4 (7.9 ± 1.1)

Change from baselinea, mmol/mol (%) −12.1 (−14.0, −10.1) −7.6 (−9.6, −5.6)

(−1.10 [−1.28, −0.93]) (−0.69 [−0.88, −0.51])

Change vs. placebob, mmol/mol (%) −4.5* (−6.5, −2.5) —

(−0.41* [−0.59, −0.23]) —

HbA1c < 53 mmol/mol (<7.0%) at Week 20

Overall population N = 229 N = 229

% (n) 28.8 (66) 16.6 (38)

Difference vs. placebo 12.9 (4.9, 20.9) —

Relative risk (95% CI) 1.7** (1.2, 2.5) —

Baseline HbA1c ≥69 mmol/mol (≥8.5%) N = 122 N = 122

% (n) 15.6 (19) 5.7 (7)

Difference vs. placebo 9.5 (1.2, 18.1) —

Relative risk (95% CI) 2.4*** (1.1, 5.3) —

FPGc, mmol/L N = 229 N = 229

Baseline 10.1 ± 2.3 10.2 ± 2.5

Week 20 8.6 ± 2.4 9.1 ± 2.6

Change from baselinea −1.6 (−2.1, −1.2) −0.9 (−1.4, −0.5)

Change vs. placebob −0.7** (−1.1, −0.3) —

Abbreviation: FPG, fasting plasma glucose. Values are mean ± standard deviation unless otherwise noted.
a Least squares (LS) mean (95% CI).
b Difference in LS means (95% CI).
c To convert to mg/dL multiply mmol/L value by 18.
*P < 0.001.
**P = 0.002.
***P = 0.026.
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address clinical inertia and speed HbA1c goal attainment for many

patients who are unlikely to achieve target glycaemic control through

metformin dose uptitration alone.
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FIGURE 2 Glycaemic efficacy endpoints. Open circles = metformin

uptitration + placebo; filled circles = metformin uptitration +
sitagliptin. Data in all figures were calculated using the longitudinal
data analysis model as described in methods. A, Least squares
(LS) mean ± SE change from baseline glycated haemoglobin
(HbA1c); B, Percentage of participants at HbA1c <7.0% at week
20 and percentage of participants with baseline HbA1c ≥8.5% at
HbA1c <7.0% at week 20. C, LS mean ± SE change from baseline
fasting plasma glucose (FPG). RR, relative risk

TABLE 3 Adverse events and hypoglycaemia summary

Participants, n (%)
Sitagliptin Placebo

DifferenceaN = 229 N = 229

With one or more

AEs 101 (44.1) 105 (45.9) −1.7 (−10.8, 7.4)

Drug-relatedb AEs 3 (1.3) 1 (0.4) 0.9

Serious AEs 3 (1.3) 4 (1.7) −0.4 (−3.3, 2.2)

Serious drug-relatedb AEs 0 (0.0) 0 (0.0) 0

Who died 0 (0.0) 0 (0.0) 0

Who discontinued study
medication due to

An AE 2 (0.9) 0 (0.0) 0.9

A drug-relatedb AE 0 (0.0) 0 (0.0) 0

A serious AE 2 (0.9) 0 (0.0) 0.9

A serious drug-relatedb

AE
0 (0.0) 0 (0.0) 0

With one or more episodes
of documented
symptomatic
hypoglycaemiac

6 (2.6) 2 (0.9) 1.7 (−0.8, 4.8)

Severed 0 (0.0) 0 (0.0) 0

Abbreviations: AE, adverse event; CI, confidence interval.
a Difference in % vs placebo; estimate (95% CI) was computed only for AE
summary and hypoglycaemia endpoints with at least four participants
having events in one or more treatment groups.

b Assessed by the investigator as related to study drug.
c Documented symptomatic: episode with clinical symptoms attributed to
hypoglycaemia with a documented plasma glucose concentration of
≤3.9 mmol/L.

d Severe hypoglycaemia: episode that required assistance, either medical
or non-medical. Episodes with a markedly depressed level of conscious-
ness, a loss of consciousness, or seizure were classified as having
required medical assistance, whether or not medical assistance was
obtained.
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