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Glycaemic durability of an early combination therapy with 
vildagliptin and metformin versus sequential metformin 
monotherapy in newly diagnosed type 2 diabetes (VERIFY): 
a 5-year, multicentre, randomised, double-blind trial
David R Matthews, Päivi M Paldánius, Pieter Proot, YannTong Chiang, Michael Stumvoll, Stefano Del Prato, for the VERIFY study group

Summary
Background Early treatment intensification leading to sustained good glycaemic control is essential to delay diabetic 
complications. Although initial combination therapy has been suggested to offer more opportunities than a traditional 
stepwise approach, its validity remains to be determined.

Methods Vildagliptin Efficacy in combination with metfoRmIn For earlY treatment of type 2 diabetes (VERIFY) was a 
randomised, double-blind, parallel-group study of newly diagnosed patients with type 2 diabetes conducted in 
254 centres across 34 countries. The study consisted of a 2-week screening visit, a 3-week metformin-alone run-in 
period, and a 5-year treatment period, which was further split into study periods 1, 2, and 3. Patients aged 18–70 years 
were included if they had type 2 diabetes diagnosed within 2 years prior to enrolment, and centrally confirmed 
glycated haemoglobin A1c (HbA1c) of 48–58 mmol/mol (6·5–7·5%) and a body-mass index of 22–40 kg/m². Patients 
were randomly assigned in a 1:1 ratio either to the early combination treatment group or to the initial metformin 
monotherapy group, with the help of an interactive response technology system and simple randomisation without 
stratification. Patients, investigators, clinical staff performing the assessments, and data analysts were masked to 
treatment allocation. In study period 1, patients received either the early combination treatment with metformin 
(stable daily dose of 1000 mg, 1500 mg, or 2000 mg) and vildagliptin 50 mg twice daily, or standard-of-care initial 
metformin monotherapy (stable daily dose of 1000 mg, 1500 mg, or 2000 mg) and placebo twice daily. If the initial 
treatment did not maintain HbA1c below 53 mmol/mol (7·0%), confirmed at two consecutive scheduled visits which 
were 13 weeks apart, patients in the metformin monotherapy group received vildagliptin 50 mg twice daily in place of 
the placebo and entered study period 2, during which all patients received the combination therapy. The primary 
efficacy endpoint was the time from randomisation to initial treatment failure, defined as HbA1c measurement of at 
least 53 mmol/mol (7·0%) at two consecutive scheduled visits, 13 weeks apart from randomisation through period 1. 
The full analysis set included patients who received at least one randomised study medication and had at least one 
post-randomisation efficacy parameter assessed. The safety analysis set included all patients who received at least one 
dose of randomised study medication. This study is registered with ClinicalTrials.gov, NCT01528254.

Findings Trial enrolment began on March 30, 2012, and was completed on April 10, 2014. Of the 4524 participants 
screened, 2001 eligible participants were randomly assigned to either the early combination treatment group (n=998) 
or the initial metformin monotherapy group (n=1003). A total of 1598 (79·9%) patients completed the 5-year study: 
811 (81·3%) in the early combination therapy group and 787 (78·5%) in the monotherapy group. The incidence of 
initial treatment failure during period 1 was 429 (43·6%) patients in the combination treatment group and 614 (62·1%) 
patients in the monotherapy group. The median observed time to treatment failure in the monotherapy group was 
36·1 (IQR 15·3–not reached [NR]) months, while the median time to treatment failure time for those receiving early 
combination therapy could only be estimated to be beyond the study duration at 61·9 (29·9–NR) months. A significant 
reduction in the relative risk for time to initial treatment failure was observed in the early combination treatment 
group compared with the monotherapy group over the 5-year study duration (hazard ratio 0·51 [95% CI 0·45–0·58]; 
p<0·0001). Both treatment approaches were safe and well tolerated, with no unexpected or new safety findings, and 
no deaths related to study treatment.

Interpretation Early intervention with a combination therapy of vildagliptin plus metformin provides greater and 
durable long-term benefits compared with the current standard-of-care initial metformin monotherapy for patients 
with newly diagnosed type 2 diabetes. 
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Introduction
Guidelines for the management of hyperglycaemia in 
type 2 diabetes recommend metformin as first-line 
pharmacological therapy,1,2 with sequential intensification 
and second-line therapy only when glycaemic control 
(glycated haemoglobin A1c [HbA1c] ≤53 mmol/mol or 
≤7·0%) is not achieved. However, with clinical inertia, 
treatment intensification is often delayed, resulting in 
loss of glycaemic control3 and exposure to avoidable 
hyperglycaemia. The UK Prospective Diabetes Study4 
established that early treatment to lower glycaemia 
using metformin was associated with reduction in 
myocardial infarction, diabetes-related deaths, and all-
cause mortality, and a legacy of continued benefit after 
10 years. Recent studies5 have highlighted the import
ance of achieving early glycaemic control within the first 
12 months of diagnosis, as this improves long-term 
glycaemic durability and reduces the risk of associated 
complications.

One potential strategy to improve the achievement 
and maintenance of glycaemic control is to introduce 
combination therapy with two or more agents as early as 
possible. The rationale for this approach is based on 
the multiple pathophysiologic mechanisms underlying 
chronic hyperglycaemia,6 and the complementary mech
anisms of action of available glucose-lowering agents.7,8 
In a recent meta-analysis of 15 randomised clinical trials 
evaluating initial combination therapy with metformin 
versus metformin monotherapy in patients with untreated 

type 2 diabetes, Phung and colleagues9 reported that 
combination therapy with metformin significantly 
reduced HbA1c, increased attainment of HbA1c below 
53 mmol/mol (7·0%), and reduced fasting plasma 
glucose compared with metformin alone.

Despite these encouraging results, the most recent 
American Diabetes Association and European Associ
ation for the Study of Diabetes consensus statement1 
for the treatment of hyperglycaemia in type 2 diabetes 
noted that although there is some support for early 
combination therapy because of the greater initial 
reduction of HbA1c compared with metformin alone, 
evidence for the superiority of the strategy of early 
combination therapy over later combination therapy for 
maintaining glycaemic control is scarce.

The Vildagliptin Efficacy in combination with 
metfoRmIn For earlY treatment of type 2 diabetes 
(VERIFY) study was therefore designed as a 5-year 
efficacy and safety study, comparing an early combina
tion therapy of metformin plus dipeptidyl peptidase-4 
inhibitor vildagliptin with standard-of-care metformin 
monotherapy, defined as a traditional stepwise approach 
with metformin as initial therapy and vildagliptin added 
at the time of metformin failure. The choice of exploring 
the combination of a dipeptidyl peptidase-4 inhibitor with 
metformin is supported by glucose-dependent β-cell 
stimulation by vildagliptin7 and concomitant insulin 
sensitisation by metformin,10 as well as the established 
favourable safety profile of both drugs.7,11

Research in context

Evidence before this study
Previous studies have established that use of early 
glucose-lowering treatments with metformin for the 
management of type 2 diabetes is associated with a reduction in 
morbidity and mortality, and a legacy of continued benefit after 
10 years. Recent short-term studies on metformin combinations 
with different anti-hyperglycaemic medications have suggested 
improvements in glycaemic outcomes but also highlighted the 
importance of achieving early glycaemic control within the first 
12 months of diagnosis. An array of evidence confirms the 
progressive nature of early type 2 diabetes but also a clinical 
reality of inertia in therapy intensification, and thus a 
combination therapy approach with two classes of synergistic 
drugs early in the disease continuum is intuitively assumed to be 
more beneficial than later intensification of therapy. However, 
long-term glycaemic durability and clinical benefits beyond 
glycaemia of early combination strategies have not been 
investigated yet, and so cannot be recommended yet.

Added value of this study
Early intervention with a combination therapy of vildagliptin 
plus metformin provides greater and durable long-term benefits 
compared with the current standard-of-care initial metformin 
monotherapy for patients with newly diagnosed type 2 

diabetes. The study was designed to reflect the real-world 
clinical practice of managing treatment-naive patients with an 
initial standard-of-care monotherapy, and intensifying to late 
combination when initial treatment fails. The early combination 
strategy greatly and consistently reduced the relative risk of 
time to initial treatment failure, but also the relative risk of time 
to second treatment failure when all patients were already 
receiving the combination therapy. Additionally, a higher 
proportion of patients in the early combination treatment 
group maintained glycated haemoglobin A1c and other lower 
glycaemic cut-off values for the entire study duration. Both 
treatment approaches were equally well tolerated.

Implications of all the available evidence
VERIFY is the first study to show the long-term benefits and 
glycaemic durability of an early combination treatment strategy 
with metformin and vildagliptin compared with the current 
standard-of-care, late combination strategy in patients with 
newly diagnosed type 2 diabetes. The results reflect an enhanced 
understanding of the pathophysiological mechanisms 
underlying the progressive nature of newly diagnosed 
type 2 diabetes, and the expanded therapeutic armamentarium 
and strategy in optimisation of early diabetes management.
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Methods
Study design and participants
The VERIFY study design has been previously reported.12 
Briefly, VERIFY was a randomised, double-blind, parallel-
group study of newly diagnosed patients with type 2 
diabetes conducted in 254 centres across 34 countries. The 
study consisted of a 2-week screening visit, a 3-week 
metformin-alone run-in period, and a 5-year treatment 
period, which was further split into study periods 1, 2, 
and 3. During the 5-year treatment period, treatment was 
initially intensified when loss of glycaemia occurred and 
thereafter when clinically indicated, at the discretion of 
study investigators (figure 1).

The study protocol was approved by the local ethics 
committees of all study sites and all patients provided 
written informed consent for participation in the trial. 
The study was designed and carried out in accordance 
with International Conference on Harmonisation 
Tripartite Guidelines for Good Clinical Practice13 and 
according to the ethical principles of the Declaration of 
Helsinki, and was overseen by an independent data 
monitoring committee.

The trial enrolled individuals aged 18–70 years with 
type 2 diabetes, diagnosed within 2 years as per local 
diagnostic criteria, with centrally confirmed HbA1c of 
48–58 mmol/mol (6·5–7·5%) and body-mass index (BMI) 
of 22–40 kg/m². Only patients who received appropriate 
lifestyle modification advice before enrolment, including 
diet counselling and exercise training, were included in 
the study. Individuals were excluded if they were receiving 
glucose-lowering treatment (except metformin ≤2000 mg 
daily within 1 month prior to the first screening visit) 
within 3 months prior to screening, or for more than 
3 consecutive months or a combined total of more than 
3 months in the past 2 years. Individuals were also 
excluded if they were using any weight-loss medications 
within 3 months prior to screening, had chronic liver 
disease or ongoing congestive heart failure (New York 

Heart Association Functional Classification III−IV), or 
were pregnant or nursing.

Randomisation and masking
Patients were randomly assigned in a 1:1 ratio either to 
the early combination treatment group or to the initial 
metformin monotherapy group, with the help of an inter
active response technology system (Cenduit Interactive 
Response Technology, version 1.48.1; Durham, NC, USA) 
and simple randomisation without stratification. Patients, 
investigators, clinical staff performing the assessments, 
and data analysts were masked to treatment allocation. 
For the study period 1, patients in the monotherapy group 
received a placebo in addition to the existing stable dose of 
metformin. Patients in study periods 2 and 3 were masked 
for the use of combination therapy. The use of insulin in 
study period 3 was open label (figure 1).

Procedures
After the 2-week screening visit, all eligible participants 
entered a run-in period of metformin up-titration 
(targeting 1500 mg per day or maximum tolerated dose). 
At the end of the run-in period, participants who were 
able to tolerate at least 1000 mg per day of metformin 
entered study period 1 and were randomly assigned to 
receive either the early combination treatment with 
metformin (stable daily dose of 1000 mg, 1500 mg, or 
2000 mg) and vildagliptin 50 mg twice daily, or standard-
of-care initial metformin monotherapy (stable daily dose 
of 1000 mg, 1500 mg, or 2000 mg) and placebo twice 
daily (figure 1). All doses of metformin (500 mg tablet 
form) and vildagliptin (50 mg tablet form) were 
administered orally twice daily, as single pills. Dose 
adjustment of metformin in both treatment groups was 
permitted during the first 4 weeks in the trial, to allow 
adjustment to a dose of 2000 mg per day or the maximum 
tolerable dose of at least 1000 mg per day post 
randomisation. No adjustment was allowed afterwards. 

Figure 1: Study design
Adapted from Del Prato and colleagues.12 The duration of period 1 can differ between the two treatments. HbA1c=glycated haemoglobin A1c.
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HbA1c was measured every 3 months. If the initial 
treatment did not maintain HbA1c below 53 mmol/mol 
(7·0%), confirmed at two consecutive scheduled visits 
which were 13 weeks apart, patients in the metformin 
monotherapy group received vildagliptin 50 mg twice 
daily in place of the placebo and entered study period 2, 
during which all patients received the combination 
therapy. Patients in both groups received vildagliptin in 
a medication pack designed differently from the 
vildagliptin or placebo packs used in period 1. At study 
period 3, rescue therapy with insulin was added to the 
metformin and vildagliptin combination therapy, to 
maintain glycaemic control in patients as per local 
diabetes treatment guidelines and as per investigator 
discretion. Patients discontinued study treatment if an 
alternative glucose-lowering medication was considered 
by the treating physician. Study procedures were 
completed every 13 weeks when participants visited the 
study site.12 Safety assessments were completed at every 
study visit and included collection of all adverse events 

and serious adverse events. A cardiovascular adjudication 
committee was established to adjudicate the incidence 
of macrovascular events.

Outcomes
The primary efficacy endpoint was the time from 
randomisation to initial treatment failure, defined as 
HbA1c measurement of at least 53 mmol/mol (7·0%) at 
two consecutive scheduled visits, 13 weeks apart from 
randomisation through period 1 (the earliest possible 
failure time is 6 months).14 The four secondary endpoints 
were: progression of HbA1c after the start of period 2 to 
the end of period 2 assessed by rate of loss in glycaemic 
control over time, both by threshold (second treatment 
failure) and slope of glycaemia; progression of fasting 
plasma glucose over time assessed by estimated 
annualised slope; change in HbA1c based on baseline 
characteristics; and safety and tolerability. Exploratory 
endpoints included analysis of cardiovascular outcomes 
as assessed by time to first adjudicated macrovascular 
event, including cardiovascular death, non-fatal myo
cardial infarction or stroke, or hospital admission for 
heart failure. The findings from period 1 and period 2 of 
the study are presented here. Findings from period 3 
(figure 1) are part of the secondary analysis, which will be 
presented elsewhere.

Statistical analysis
The statistical analysis plan with one primary efficacy 
endpoint was finalised and published prior to unlocking 
treatment codes for analysis.14 A specific order of analysis 
was redefined for the analysis approach in the updated 
statistical analysis plan in order to avoid methodological 
duplication and potential dilution of alpha spending. 
The planned sample size of 1000 patients per treat
ment approach was expected to provide an approximate 
75% power to detect a risk reduction of 25% in time to 
initial treatment failure with the combination treatment 
approach, compared with monotherapy. The full analysis 
set included patients who received at least one random
ised study medication and had at least one post-
randomisation efficacy parameter assessed. The safety 
analysis set included all patients who received at least 
one dose of randomised study medication.

Comparability of the two treatment approaches was 
assessed by demographic and baseline characteristics. 
The primary efficacy endpoint of time to initial treatment 
failure was measured in the full analysis set with a Cox 
proportional hazards regression model that included 
treatment approach and geographical region as factors 
and baseline HbA1c as a covariate. The time to second 
treatment failure during period 2 was measured in the 
full analysis set using the same Cox regression model. 
Kaplan-Meier estimates for cumulative probability of 
initial and second treatment failure over time were 
assessed. In simple terms, for each treatment strategy, 
the first treatment failure is defined as two consecutive 

Figure 2: Trial profile
HbA1c=glycated haemoglobin A1c. 
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values of HbA1c of at least 53 mmol/mol (7·0%) and the 
second treatment failure as two further consecutive 
values of HbA1c of at least 53 mmol/mol (7·0%). All 
patients contributed to the Kaplan-Meier comparator in 
each group. The monotherapy comparator group 
comprised patients with one treatment failure (in 
period 1) who were receiving the vildagliptin combination 
in period 2, as well as those on metformin monotherapy 
without treatment failure in period 1. Subgroup analyses 
for time to initial treatment failure were done using 
similar Cox regression analyses and treatment-by-
subgroup interaction was assessed.

Mean HbA1c values and change from baseline by 
treatment approach and visit were evaluated. The 
proportion of patients with HbA1c below 53 mmol/mol 
(7·0%), 48 mmol/mol (6·5%), and 42 mmol/mol (6·0%) 
were assessed over time during the study. Loss of 
glycaemic control, assessed by the annualised slope of 
HbA1c over time from week 26 to the end of period 1, was 
measured with a linear mixed effect model that included 
treatment approach and region as factors, baseline HbA1c 

and time of HbA1c measurement (in years) as covariates, 
and interaction of treatment approach by time. An 
unstructured covariance method was used. CIs and 
p values for secondary endpoints and subgroup effects 
have not been adjusted for multiplicity. Handling of 
missing data has been previously described in detail.14 
Briefly, for the primary efficacy variable, patients who 
prematurely discontinued during period 1 were included 
as no event at the time of discontinuation (ie, censored 
for time values at the time of discontinuation). Equally, 
patients remaining under glycaemic threshold or with no 
confirmed value above it at the next scheduled visit were 
included as no event and only censored for time during 
the last study visit. When assessing the primary endpoint, 
available HbA1c values were used without imputation for 
missing values. For the analysis of second treatment 
failure, patients remaining in period 1 contributed to the 
percentage of patients without treatment failure, and for 
those with treatment failure in period 1 but not in 
period 2, time from randomisation to the end of 
period 2 was calculated as no event (censored for time).

Significance in the analyses was established on the 
basis of a two-sided 0·05 significance level (equivalent to 
a one-sided 0·025 significance level). Analysis details of 
demographic and background data as well as safety data 

Combination 
therapy group 
(n=998)

Monotherapy group 
(n=1003)

Sex

Female 545 (54·6%) 515 (51·3%)

Male 453 (45·4%) 488 (48·7%)

Age (years)

Mean 54·1 (9·5) 54·6 (9·2)

Median 55 (48–62) 56 (49–62)

<51 372 (37·3%) 335 (33·4%)

51–59 297 (29·8%) 330 (32·9%)

>59 329 (33·0%) 338 (33·7%)

Race

Caucasian 605 (60·6%) 612 (61·0%)

Black 26 (2·6%) 23 (2·3%)

Asian 186 (18·6%) 187 (18·6%)

Native American 103 (10·3%) 107 (10·7%)

Other 78 (7·8%) 74 (7·4%)

Ethnicity

Hispanic or Latino 268 (26·9%) 277 (27·6%)

Chinese 28 (2·8%) 25 (2·5%)

Indian (subcontinent) 94 (9·4%) 91 (9·1%)

Mixed ethnicity 0 2 (0·2%)

Other 608 (60·9%) 608 (60·6%)

Median duration of 
type 2 diabetes (months)

3·3 (1·0–9·8) 3·4 (0·9–10·4)

HbA1c (mmol/L; %)*

N 996 1003

Mean 50·0 (4·4); 6·7 (0·4) 50·0 (5·5); 6·7 (0·5)

Median 50·0 (46·0–53·0); 
6·7 (6·4–7·0)

50·0 (46·0–53·0); 
6·7 (6·4–7·0)

<53 mmol/mol (7·0%) 772 (72·3%) 705 (70·3%)

≥53 mmol/mol (7·0%) 274 (27·5%) 298 (29·7%)

(Table 1 continues in next column)

Combination 
therapy group 
(n=998)

Monotherapy group 
(n=1003)

(Continued from previous column)

Fasting plasma glucose (mmol/L)*

N 996 1003

Median 6·9 (6·1–7·8) 6·9 (6·2–7·9)

BMI (kg/m²)

Mean 31·2 (4·8) 31·0 (4·7)

Median 30·9 (27·5–34·8) 30·6 (27·4–34·5)

<30 428 (42·9%) 447 (44·6%)

≥30 570 (57·1%) 556 (55·4%)

Baseline eGFR (mL/min per 1·73 m²)†

Normal (≥90) 432 (43·3%) 444 (44·3%)

Mild (60–<90) 529 (53·0%) 521 (51·9%)

Moderate (30–<60) 35 (3·5%) 37 (3·7%)

Severe (<30) 0 1 (0·1%)

Median weight (kg) 85·0 (72·8–97·3) 84·0 (72·0–97·0)

Current smoker

Yes 154 (15·4%) 136 (13·6%)

No 844 (84·6%) 867 (86·4%)

Data are n (%), mean (SD), or median (IQR). Baseline refers to randomisation visit.  
HbA1c=glycated haemoglobin A1c. BMI=body-mass index. eGFR=estimated 
glomerular filtration rate. *Baseline values were obtained on screening (day 1) or at 
a later visit (scheduled or unscheduled) if the day 1 measurements were missing. 
Two patients in the combination therapy group did not have baseline HbA1c and 
fasting plasma glucose measurements on or prior to randomisation. †Baseline eGFR 
was calculated using the Modification of Diet in Renal Disease Study equation. 
Serum creatinine and bodyweight measurements were obtained on day 1 or at a 
later visit (scheduled or unscheduled) if the day 1 measurements were missing.

Table 1: Baseline characteristics of the study population
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were summarised and provided in the appendix (pp 30–32). 
Adverse events were summarised as number and 
percentage of patients having any adverse event by 
treatment group and in each primary system organ class. 
Hypoglycaemic events, microvascular and macrovascular 
complications were assessed separately. Time to first 
adjudicated macrovascular events was assessed using the 
Cox regression model and all suspected macrovascular 
events were subject to adjudication. The incidence of 
neoplasms was compared using the χ² test. The statistics 
program used for analyses was SAS (versions 9.2 
and 9.4; Cary, NC, USA). This study is registered with 
ClinicalTrials.gov, NCT01528254.

Role of the funding source
Novartis funded the study, which was led by an 
international steering committee who designed the study 

in collaboration with the sponsor. The sponsor was 
responsible for the trial monitoring, data collection, 
reporting, and analysis plan defined in the protocol and 
refined in the prespecified statistical analysis plan.14  
Scientists employed by the funder were on the steering 
committee and contributed to trial design, trial imple
mentation, and data interpretation. All authors and 
the sponsor jointly made the decision to submit for 
publication. The corresponding author had full access to 
all the data in the study and had final responsibility 
for the integrity of the data and the decision to submit 
for publication.

Results
Trial enrolment began on March 30, 2012, and was 
completed on April 10, 2014. The last trial visit was 
on April, 2019. Of the 4524 participants screened, 
2001 eligible participants15 were randomly assigned to 
either the early combination treatment group (n=998) or 
the initial metformin monotherapy group (n=1003; 
figure 2). The most common reasons for study exclusion 
were HbA1c outside the protocol-defined range and 
metformin intolerance prior to up-titration. A total of 
1598 (79·9%) patients completed the 5-year study: 
811 (81·3%) in the early combination therapy group and 
787 (78·5%) in the monotherapy group (figure 2). The 
median follow-up time was 59·8 months (IQR 59·4–60·0] 
for patients in the early combination treatment group 
and 59·8 months (IQR 59·3–60·0) for patients in the 
monotherapy group. 17 patients in the combination 
treatment group and 24 in the monotherapy groups were 
lost to follow-up.

Baseline demographic and clinical characteristics were 
similar between treatment groups. Mean age of the 
patients at randomisation was 54·1 (SD 9·5) years in 
the combination treatment group and 54·6 (9·2) years 
in the monotherapy group, and mean BMI was 
31·2 (SD 4·8) kg/m² in the combination treatment group 
and 31·0 (4·7) kg/m² in the monotherapy group. Mean 
HbA1c at randomisation was 50·0 (SD 4·4) mmol/mol in 
the combination treatment group and 50·0 (5·5) 
mmol/mol in the monotherapy group (table 1). 
937 (93·9%) of 998 patients in the combination treat
ment group and 937 (93·4%) of 1003 patients in the 
monotherapy  group had concomitant medications 
equally administered during the study for management 
of prevalent concomitant conditions. A similar proportion 
of patients in both treatment groups (405 [40·6%] in the 
combination treatment group and 412 [41·1%] in the 
monotherapy group) received metformin less than 
4 weeks prior to study entry (appendix p 33). A few female 
patients (one in the combination treatment group and 
three in the monotherapy group) received short-term 
insulin because of gestational diabetes prior to having 
been diagnosed with type 2 diabetes.

The incidence of initial treatment failure during 
period 1 was 429 (43·6%) patients in the combination 

Figure 3: Time to treatment failure
(A) Cumulative probability of initial treatment failure. (B) Cumulative probability of second treatment failure. HRs 
are based on Cox regression analysis. HR=hazard ratio.
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treatment group and 614 (62·1%) patients in the 
monotherapy group. The median observed time to 
treatment failure in the monotherapy group was 
36·1 (IQR 15·3–not reached [NR]) months, while the 
median time to treatment failure time for those receiving 
early combination therapy could only be estimated to be 
beyond the study duration at 61·9 (29·9–NR) months. 
A significant reduction in the relative risk (RR) for time to 
initial treatment failure was observed in the early 
combination treatment group compared with the 
monotherapy group over the 5-year study duration 
(hazard ratio [HR] 0·51 [95% CI 0·45–0·58]; p<0·0001; 

figure 3A). The RR for time to second treatment failure 
during period 2 was also significantly reduced in the 
combination treatment group compared with mono
therapy group (HR [95% CI]: 0·74 [0·63, 0·86], p<0·0001) 
(figure 3B). There was also a consistently lower HbA1c 
observed over time with the combination treatment group 
compared with the monotherapy group throughout 
the study duration, with a greater proportion of patients 
in the early combination treatment group with HbA1c 
below 53 mmol/mol (7·0%), 48 mmol/mol (6·5%), and 
42 mmol/mol (6·0%; appendix p 39). Subgroup analyses 
for time to initial treatment failure revealed a consistently 

Figure 4: Subgroup analysis of time to initial treatment failure
Hazard ratios and the associated CIs and p values were obtained from a Cox proportional hazards model containing terms for treatment approach, geographical 
region, and baseline HbA1c. Significance was established on the basis of a two-sided 0·05 significance level. The treatment-by-subgroup interaction p values are 
provided for tests of homogeneity of between-group differences among subgroups, with no adjustment for multiple testing. The p value for treatment comparison 
in the overall population is also provided. HbA1c=glycated haemoglobin A1c. BMI=body-mass index. eGFR=estimated glomerular filtration rate.
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significant benefit of early combination treatment over 
monotherapy for the primary outcome (figure 4). This 
benefit was shown for predefined subgroups of HbA1c, 
BMI, age, gender, smoking status, race, geographical 
regions, and estimated glomerular filtration rate (eGFR) 
categories, with no evidence of heterogeneity.

Glycaemic control also deteriorated more rapidly in 
the monotherapy group than in the early combination 
treatment group. The difference in adjusted mean rate 
of change in HbA1c per year (coefficient of failure) was 
−0·02 (SD 0·01; 95% CI −0·05 to 0·00; two-sided 
p=0·085) at the end of period 1. Over the 5-year study, 
mild reduction in bodyweight from baseline was reported 
in patients treated with early combination therapy as well 
as metformin monotherapy (appendix p 40).

The trial was not powered to assess differences in 
cardiovascular outcomes, but all potential cardiovascular 
events were subject to adjudication. Over the 5-year 
study duration, a numerical reduction in the risk of 
time to first adjudicated macrovascular event was 
seen with the early combination treatment approach 
compared with initial monotherapy (HR 0·71 [95% CI 
0·42–1·19]; two-sided p=0·19; appendix p 41). 
Adjudicated first macrovascular events occurred in 
24 (2·4%) patients in the combination treatment group 
and in 33 (3·3%) patients in the monotherapy group. 
The absolute cumulative number of recurrent events by 

treatment approach was low (30 in the combination 
treatment group vs 44 in the monotherapy group).

The overall safety and tolerability profile was similar 
between treatment approaches, with no unexpected 
safety findings reported. The incidence of adverse events 
and serious adverse events, excluding the cardiovascular 
events described above but including those considered to 
be related to the study drug, were similar between the 
treatment groups (833 [83·5%] had adverse events 
and 166 [16·6%] had serious adverse events in the 
combination treatment group, 833 [83·2%] had adverse 
events and 183 [18·3%] had serious adverse events in the 
monotherapy group; appendix pp 35–38). The incidence 
of hypoglycaemic events was low, all of them were 
grade 1 and similar between groups (13 [1·3%] in the 
combination treatment group, nine [0·9%] in the 
monotherapy group). The incidence of events related to 
pancreatitis (four [0·4%] in the combination treatment 
group, three [0·3%] in the monotherapy group) and 
pancreatic carcinoma (three [0·3%] in the combination 
treatment group, two [0·2%] in the monotherapy group) 
was also low in both groups. The incidence of neoplasms 
was low and not significantly different between treatment 
groups (62 [6·2%] in the combination treatment group vs 
54 [5·4%] in the monotherapy group; p=0·43; table 2). No 
bullous pemphigoids were reported. Elevated liver 
function tests were also rare and balanced between 
groups. Overall, the 4% annualised rate of discontinuation 
was low compared with the anticipated rate of 11%, and 
similar between the groups (4·1% in the combination 
treatment group, 5·3% in the monotherapy group). 
22 deaths were reported during this study (13 in the 
combination treatment group, nine in the monotherapy 
group), none of which were considered related to the 
study drugs (figure 2).

Discussion
The VERIFY study has shown that early combination 
treatment with metformin and vildagliptin improves 
glycaemic durability in patients with type 2 diabetes 
compared with standard-of-care initial metformin 
monotherapy followed by sequential combination with 
vildagliptin. Early combination treatment significantly 
reduced the probability of initial treatment failure, the 
time to second treatment failure, and the time to treatment 
failure compared with monotherapy throughout the 
5-year study duration. Secondary glycaemic parameters 
(loss of glycaemic control) support the durability of the 
combination approach. The longer time to second treat
ment failure in the combination treatment group showed 
that our observations were not simply the result of 
comparing a therapy of two drugs with a therapy of one, 
since all patients entering period 2 received the combi
nation therapy. Finally, the early combination treatment 
was safe and well tolerated.

VERIFY is the first study to examine long-term clinical 
benefits of an early combination treatment strategy 

Combination therapy 
group (n=998)

Monotherapy 
group (n=1001)

Arthralgia 100 (10·0%%) 94 (9·4%)

Hypoglycaemic events 13 (1·3%) 9 (0·9%)

Benign, malignant, and 
unspecified neoplasms 
(including cysts and polyps)

62 (6·2%) 54 (5·4%)

Pancreatic cancer 3 (0·3%) 2 (0·2%)*

Prostate cancer 6 (0·6%) 0

Breast cancer 3 (0·3%) 1 (0·1%)

Ovarian cyst 1 (0·1%) 4 (0·4%)

Pancreatitis and other related events

Pancreatic cyst 0 2 (0·2%)

Pancreatic disorder 2 (0·2%) 0

Pancreatic mass 1 (0·1%) 0

Pancreatic pseudocyst 1 (0·1%) 0

Pancreatic steatosis 2 (0·2%) 2 (0·2%)

Pancreatitis 2 (0·2%) 0

Acute pancreatitis 1 (0·1%) 2 (0·2%)

Chronic pancreatitis 1 (0·1%) 1 (0·1%)

Pancreatic infection 0 1 (0·1%)

Pancreatic enzymes 
increased

0 1 (0·1%)

Urinary tract infection 73 (7·3%) 71 (7·1%)

Data are n (%). Patients with multiple adverse events under one treatment approach 
were counted only once in the adverse event category for that treatment approach. 
*Fatal outcome for both events.

Table 2: Adverse events in the study population
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and provides a step forward with respect to previous 
approaches. What was considered as intensive therapy in 
the  UK Prospective Diabetes Study4 is the comparator 
treatment strategy in VERIFY,12 reflecting enhanced 
understanding of the pathophysiological mechanisms 
underlying the progressive nature of type 2 diabetes and 
the expanded therapeutic armamentarium.

The issue of two drugs versus one for glycaemic control 
requires careful consideration. It is expected that failure 
onto further therapy would occur more frequently with 
a monotherapy strategy, so this trial was established 
to assess further measures of failure. This has been 
achieved with the analysis of the second treatment 
failure, essentially the point of equipoise between the 
strategy of metformin monotherapy with vildagliptin 
added as necessary, versus an initial combination therapy 
strategy. In the monotherapy group some patients did 
not receive the rescue onto combination therapy since 
their glycaemia did not deteriorate, so they contributed 
to the percentage of non-failures, and thus introduced 
no bias. A secondary endpoint was the slope of HbA1c 
deterioration from week 26, which showed a lower slope 
of deterioration for those receiving the combination 
therapy. The clinical efficacy of vildagliptin alone and in 
combination with metformin is well established from 
shorter-term studies;11,16–20 these findings are supported by 
the significantly increased glycaemic durability seen 
with combination treatment in VERIFY, an effect that 
was maintained throughout its preplanned 5-year 
duration. This could be attributed to the complementary 
mechanism of action of metformin and the dipeptidyl 
peptidase-4 inhibitor vildagliptin, in newly diagnosed 
patients with relatively preserved β-cell function. The 
glycaemic durability observed in patients receiving the 
early combination treatment could be the result of both 
concomitant insulin sensitisation by metformin10 and 
glucose-mediated modulation of insulin and glucagon 
secretion by vildagliptin.7,8

Obviously, early treatment initiation with a synergistic 
combination of vildagliptin and metformin is one of the 
many possible treatment combinations. Results from the 
ongoing GRADE study comparing the durability of 
different agents in combination with metformin will add 
evidence to the proposed early combination treatment 
strategy, although the population has a longer duration of 
diabetes and higher baseline HbA1c.21

A potential favourable effect of early combination 
treatment was supported by the meta-analysis of Phung 
and colleagues.9 Our results confirm the clinical benefits 
of the policy of early combination approach in patients 
with newly diagnosed type 2 diabetes, indicating that 
with careful selection of glucose-lowering agents, 
glycaemic control can be achieved with no added 
hypoglycaemia risk and no effect on bodyweight. Of 
note, the slight decrease in bodyweight was apparent in 
both groups of the study over the 5-year follow-up. 
Similarly, no increased risk of hypoglycaemia was 

observed despite persistent good glycaemic control with 
the combination treatment, as expected with the specific 
mechanisms of action of metformin and vildagliptin.11,16 
The early combination treatment was well tolerated, with 
no signal for adverse events of special interest, in line 
with previous evidence from vildagliptin studies.22,23 As 
part of safety surveillance, cardiovascular events were 
monitored and adjudicated. Although the VERIFY study 
was not designed or powered to assess the effect of 
combined treatment on cardiovascular outcomes, an 
imbalance favouring the early combination treatment 
was nevertheless observed. Such an observation, obtained 
in a low-risk population, is at odds with the neutral 
cardiovascular effect reported in cardiovascular outcomes 
trials of patients with long-standing type 2 diabetes and 
much greater cardiovascular risk. Our observation of 
cardiovascular outcomes must be interpreted with cau
tion, particularly in the context of the current debate 
regarding the ultimate goals of diabetes management 
beyond glycaemia24,25 with cardiovascular benefits re
ported with modern glucose-lowering therapies.26,27 Only 
careful patient follow-up and adequately powered, 
specific cardiovascular follow-up studies will be able to 
prospectively assess cardiovascular events in an early 
primary prevention population with newly diagnosed 
type 2 diabetes and low HbA1c. The reasons for a potential 
early cardiovascular benefit beyond glycaemia also 
remain to be determined. Recent meta-analysis and 
claims database studies28–30 have suggested that early use 
and synergistic effects of dipeptidyl peptidase-4 inhibitors 
in combination with metformin could have a potential 

moderating effect on cardiovascular outcomes.
The findings of VERIFY support and emphasise the 

importance of achieving and maintaining early glycaemic 
control. In the UK Prospective Diabetes Studies,4,31 early 
treatment intensification was associated with a legacy 
effect, whereby the reduction in vascular complications 
in the intensive group was maintained or strengthened 
over 10 years after study completion. In the Diabetes and 
Aging epidemiology study,5 HbA1c of at least 6·5% for the 
first year following diagnosis was associated with worse 
outcomes (increasing microvascular events and mortality 
risk) over the subsequent 10 years of follow-up. However, 
durable HbA1c values below 6·5% are unlikely to be 
achieved with monotherapy alone. Real-world evidence 
has shown how delayed treatment intensification after 
monotherapy failure results in increasing time spent 
with avoidable hyperglycaemia, raising a crucial barrier 
to optimised care.3 The durable effect we observed with 
an early combination strategy therefore provides initial 
support for such an approach as an effective way to 
combat clinical inertia.

The strengths of this study include the diverse, 
geographically distributed and multiethnic population 
(with a low HbA1c cutoff) and long-term duration.15 
The adherence rates were high, with no major safety 
issues reported. Glycaemic durability observed in this 
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heterogeneous study population ensures applicability of 
clinical benefits to almost the entire population with 
newly diagnosed type 2 diabetes. Potential limitations 
include the HbA1c cutoff selected for study entry and the 
assessment of only one treatment combination.

In conclusion, the strategy of an early combination 
treatment approach with vildagliptin plus metformin in 
patients with newly diagnosed type 2 diabetes significantly 
and consistently improves long-term glycaemic durability 
compared with metformin monotherapy. Our results 
indicate that long-term clinical benefits can be achieved 
more frequently and without tolerability issues with early 
combination treatment compared with standard-of-care 
metformin monotherapy.
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