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Type 2 diabetes mellitus (T2DM) is a complex and progressive chronic disease characterised by elevating hyperglycaemia and as-
sociated need to gradually intensify therapy in order to achieve and maintain glycaemic control. Treating hyperglycaemia with se-
quential therapy is proposed to allow holistic assessment of the efficacy and risk-to-benefit ratio of each added component. How-
ever, there is an array of evidence supporting the scientific rationale for using synergistic, earlier, modern drug combinations to
achieve glycaemic goals, delay the deterioration of glycaemic control, and, therefore, potentially preserve or slow down the declin-
ing B-cell function. Additionally, implementation of early combination(s) may lead to opportunities to combat clinical inertia and
other hurdles to optimised disease management outcomes. This review aims to discuss the latest empirical evidence for long-term
clinical benefits of this novel strategy of early combination in people with newly diagnosed T2DM versus the current widely-im-
plemented treatment paradigm, which focuses on control of hyperglycaemia using lifestyle interventions followed by sequentially
intensified (mostly metformin-based) monotherapy. The recent reported Vildagliptin Efficacy in combination with metfoRmin
For earlY treatment of T2DM (VERIFY) study results have provided significant new evidence confirming long-term glycaemic
durability and tolerability of a specific early combination in the management of newly diagnosed, treatment-naive patients world-
wide. These results have also contributed to changes in clinical treatment guidelines and standards of care while clinical imple-
mentation and individualised treatment decisions based on VERIFY results might face barriers beyond the existing scientific evi-
dence.

Keywords: Chronic disease; Diabetes mellitus, type 2; Drug combinations; Early combination strategy; Metformin; Standards of
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THE CLINICAL NEED FOR MORE
OPTIMISED STRATEGIES AND OUTCOMES

The high prevalence of type 2 diabetes mellitus (T2DM) is
global in nature and continues to increase dramatically, partic-
ularly in low- and middle-income countries [1]. Present esti-
mates indicate that approximately 463 million people world-
wide have diabetes and that number is expected to increase to a
staggering digit of 700 million by 2045 [1]. Prevalence, inci-
dence and heterogeneity of the disease itself among those diag-
nosed, and progression of the underlying complications vary
greatly by geographical location and ethnic groups due to dif-

ferences in genetic predisposition, cultural factors, socioeco-
nomic differences, and lifestyle factors such as dietary habits
and physical activity [2-5]. Most individuals with diabetes are
classified as having T2DM [1] but present with their own
unique combination of insulin resistance and impaired insulin
secretion, i.e., B-cell failure [6], while the relative contribution
of these two components varies greatly from patient to patient
and over time [5,6]. Additionally, the rate of disease progression
varies between individuals and cannot be predicted accurately
at the time of diagnosis. Even if multiple clinical, laboratory,
and genetic markers have been reported to be associated with
faster progression after diagnosis [7], it is not possible to ac-
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count for the effect of additional behavioural patterns affecting
compliance with, and thereby impact of the dietary and exer-
cise regimens; important predictors for disease progression [7].

The aim of this review is to discuss the advancement in the
recent scientific and clinical evidence regarding (1) the estab-
lished knowledge base regarding the unmet clinical needs and
the factors contributing to lack of optimised outcomes; (2) the
key learnings from the Vildagliptin Efficacy in combination
with metfoRmin For earlY treatment of T2DM (VERIFY)
study exploring the long-term benefits of a novel strategy of
early combination; and (3) yet to be explored future aspects of
more optimised clinical management of individuals newly di-
agnosed with T2DM (Fig. 1).

TARGETING TO HALT THE PROGRESSION
OF DISEASE

Pathogenesis of T2DM is complex, and stems from multiple
metabolic imbalances, abnormalities and defects affecting
multiple organ systems [8,9]. Therefore, addressing these driv-
ers of progressive disease by initiating pharmacological mono-
therapy, as is suggested by most treatment algorithms, may not
be sufficient. Therefore, early initiation of combination therapy

has been proposed by many as a more holistic approach to de-
lay the deterioration of glycaemic control with possible favour-
able effect on preservation of B-cell function early on in the
disease [10]. Traditionally, recommendations and treatment
guidelines have focused on achieving and maintaining glyco-
sylated hemoglobin (HbAlc) targets, while there has been a
growing interest in assessing other glycaemic parameters as in-
dicators of response, namely glycaemic fluctuation over
24 hours, including fasting and postprandial glucose values, as
well as time spent in extreme hypoglycaemia and hyperglycae-
mia [11]. In addition to the potential contribution of glycaemic
variability as a predictor of outcomes and progression of dia-
betic complications [12], minimising glucose variability
through appropriate selection of components of drug therapy
could lead to superior, individualised disease management,
and provide better quality of life for patients with diabetes
[11,13]. However, regardless of the parameters used to deter-
mine whether adequate glycaemic control is being achieved
and maintained, we should aim to introduce a favourable, dis-
ease-modifying effect and/or critically assess the ability of the
chosen regimen to halt the progression of the disease and/or
its underlying complications.

A) Unmet clinical needs
(established evidence)

* Type 2 diabetes is a progressive
disease, with multiple,
complex, pathophysiological
mechanisms driving its
complications

Early, tight glycaemic control
reduces the risk of
complications while most
therapies fail to adequately
control postprandial
hyperglycaemia

Most therapeutic regimens/
strategies fail to maintain
long-term glycaemic control,
i.e. achieve durability

Adherence and compliance
remain issues, partially due to
(in)tolerability

Clinical inertia, failure to timely
intensify therapy, is a
significant barrier to optimised
diabetes care

B) Key learnings from the
VERIFY study

* Superior and durable
glycaemic control can be
achieved with early
combination strategy over
sequential intensification of
monotherapy approach

Time to second failure analysis
confirmed that the initial
benefits of the early
combination therapy cannot be
achieved even with timely in-
tensification of the failing
monotherapy

Glycaemic durability was
achieved without tolerability is-
sues

All, diverse, patient
populations seemed to benefit
from the implementation of
the early combination

C) What remains to be
explored in the future

* Role of metformin as the
foundation of care, even in
combination with other drugs

Impact of early combination on
disease progression and B-cell
function over time?

Impact of early detection and
conceptual change in disease
management paradigm on
‘softer’ outcomes beyond
glycaemia

Generalisability of the VERIFY
results, i.e., which early
combinations to use and how;
the role of diagnostic baseline?

The cost-benefit analyses of
various early combinations vs.
benefits- would strategic use of
combination approach

result in cost savings and
reduction in complications over
time?

~

AN

Fig. 1. Displaying the factors contributing to our established knowledge base, the unmet clinical needs, how these were modified
by the key learnings from the Vildagliptin Efficacy in combination with metfoRmin For earlY treatment of T2DM (VERIFY)
study while highlighting the aspects of early diabetes care yet to be explored in the future.
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CAN WE RESCUE THE FAILING @-CELL?

Failure of the pancreatic 3-cell to compensate for the progres-
sively increasing insulin resistance has been recognized as the
hallmark of T2DM, and the rate of deterioration of glycaemic
control parallels that of declining B-cell function and/or mass
[14,15]. While prevention of T2DM seems mechanistically
feasible, albeit challenging [16,17], attempts to preserve the re-
maining 3-cell functionality are best undertaken as early along
the disease continuum as possible, even if there is limited evi-
dence for identification of the optimal strategy for 3-cell pres-
ervation. Some of the best evidence available relates to target-
ing normoglycemia early, by intensive insulin therapy at the
time of diagnosis (Fig. 2) [18]. A shorter time-interval between
diagnosis and intensive insulin therapy seem to predict a high-
er probability for achieving remission up to 2 years [19]. How-
ever, clinical implementation of such a regimen might be shad-
owed by the complexity of a multiple-injection regimen at dis-
ease onset, albeit for a short interval. The conceptual success
has only been shown in individuals with sustained hypergly-
caemia due to delayed diagnosis while dosing of low-dose bas-
al insulin in individuals with newly diagnosed diabetes and
low baseline, or pre-diabetes with complications, did not dem-
onstrate impact on B-cell functionality or disease progression
[20]. Additionally, there is no clinical guidance on the most
optimal second-line therapy for maintenance of achieved re-
mission after intensive insulin therapy.

Several orally administered drug classes have demonstrated
a possible effect on B-cell preservation. The benefits of thiazoli-
dinediones (TZD) were established when rosiglitazone dem-
onstrated glycaemic durability superior to metformin and gly-
buride [21] while improvement in -cell function was demon-
strated to be the predominant underlying pathophysiological
mechanism in inducing glycaemic remission from impaired
glucose tolerance (IGT) to normal glucose tolerance with pio-
glitazone, and thus potentially the entire class [22].

Incretin-based therapies have demonstrated the ability to
preserve B-cell function in animal models, although the clinical
implication of these preliminary data in human studies is still
not fully understood [23-25]. Long-term administration of glu-
cagon-like peptide-1 receptor agonists (GLP-1 RAs) compared
with insulin glargine or placebo after 4 weeks of intensive insu-
lin therapy resulted in improved or superior B-cell function;
this effect was either partially maintained [26,27], or lost after
cessation of the incretin therapy [28]. Among dipeptidyl pepti-

https://e-dmj.org  Diabetes Metab J 2020;44:785-801

dmj

dase-4 inhibitors (DPP-4i) a positive effect on B-cell function
has been shown in numerous clinical studies: treatment with
saxagliptin versus placebo resulted in halted reduction in ho-
meostasis model assessment of B-cell function (HOMA-B) in
patients with long-term diabetes and concomitant cardiovascu-
lar (CV) disease [29]. An effect that was most pronounced in
treatment-naive patients or those receiving metformin mono-
therapy. Similar results have been reported in an analysis of all
phase III studies of linagliptin on HOMA-( versus comparators
[30] and with vildagliptin versus placebo, even though this im-
proved effect on B-cell function was not sustained after a
4-week washout period [31]. A large meta-analysis of incretin-
based therapies on B-cell and insulin resistance confirmed that
these therapies not only demonstrate an increase in HOMA-(3
and fasting C-peptide levels, but also achieve a reduction in in-
sulin resistance (measured as HOMA-IR) and fasting plasma
glucose (FPG) in comparison with placebo [25].

Numerous studies have also shown that glucosuric agents
such as sodium-glucose cotransporter-2 inhibitors (SGLT-21i),
which exert their effect by inhibiting renal glucose reabsorp-
tion and producing glucosuria [32], improve insulin secretion
by ameliorating the glucotoxic effect of chronic, sustained hy-
perglycaemia in individuals with T2DM [33-35]. In patients
treated with dapagliflozin, insulin secretion significantly in-
creased in a euglycaemic insulin clamp during a standardised
oral glucose tolerance test, while there was no amelioration of
B-cell function among patients receiving placebo [36]. The ad-
ministration of empagliflozin was also shown to improve pan-
creatic B-cell function, as measured by the insulin secretion/
insulin resistance index during a hyperglycaemic clamp [33]
and the improvement in insulin secretion as induced by an-
other SGLT-2i, ipragliflozin, in Japanese patients was demon-
strated to have a more persistent effect even after the cessation
of drug administration [34]. In the absence of the SGLT-2 re-
ceptors on the islet cells, the exact mechanism beyond removal
of the glucotoxicity underlying this beneficial effect of SGLT-
2is on insulin secretion remains unknown.

All the evidence indicates that alleviation of sustained hy-
perglycaemia, regardless of the chosen approach, is the most
important contributor to B-cell preservation. Possibly, target-
ing normoglycaemia early at disease onset, or even at the pre-
diabetes stage, and maintaining normoglycaemia, safely, by
implementing a more aggressive, early therapeutic strategy
may change the natural history of disease [9]. The Restoring
Insulin Secretion (RISE) Adult Medication Study assessed the
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Current recommendations by
guidelines for initiation of

combination therapy at
diagnosis versus the
diagnostic HbA1c level:

Oral combination if diagnostic
HbAlc is 1.5% above the
individual target (i.e., below
6.0%—6.5%) for newly
diagnosed patients [42]

.

Update 2020: Early

combination based on VERIFY

studies [19] Initial
combination
9.0+ studies, dual
and triple

= Phung [89]

& et al. [87],

% Cai et al. %
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g analyses Realworld evidence [60,91,92]
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VERIFY study [77]

results can be beneficial in
some patients (ADA standards
of care)/discussions should be
initiated by the team
(EASD/ADA consensus

6.5

statement [38]).

Time from diagnosis and evaluation period/duration in years

Fig. 2. Theoretical presentation of the available key evidence along the axis of the extent of glycaemia at diagnosis contrasted
against the (known/assumed) duration of the disease at the time of confirmed diagnosis (with corresponding reference). HbAlc,
glycosylated hemoglobin; VERIFY, Vildagliptin Efficacy in combination with metfoRmin For earlY treatment of T2DM; ADA,
American Diabetes Association; EASD, European Association for the Study of Diabetes.

benefit of metformin, GLP-1 RAs, or insulin glargine on 3-cell
function in early diabetes. It included a cohort of 10 to 19-year-
old children and adolescents [35], and measured B-cell func-
tion in individuals with IGT or newly diagnosed T2DM.
Again, the results demonstrated that 3-cell function improved
through active treatment, but the favourable effect was lost af-
ter the treatment was stopped. The study results were also in-
dicative of an unmet need for alternative approaches in the
youth cohort due to a more aggressive form of the disease in
youth [37]. In summary, all of the studies to date have reported
on differences in outcomes based on specific individual used,
not the timing or combination of therapies.

IMPACT OF CURRENT SEQUENTIAL
MONOTHERAPY TREATMENT STRATEGY
ON THE EARLY COURSE OF THE DISEASE

In T2DM, the treatment goals are linked to prevention or delay
of chronic complications and maintenance of the patients’ qual-
ity of life [38]. Therefore, treating to target HbAlc levels is fun-
damental to achieving disease control, i.e., reducing time spent
in hyperglycaemia and preventing chronic, micro- and macro-
vascular complications and premature mortality [39-41]. Pre-
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viously, due to lack of sufficient evidence on the use of early
combination therapy, stepwise treatment intensification has
been the standard approach to achieve glycaemic control as
recommended by the American Diabetes Association (ADA)/
European Association for the Study of Diabetes (EASD) con-
sensus on treatment algorithm [42]. The standard of care for
first-line drug therapy has been metformin monotherapy with
lifestyle measures followed by step-wise treatment intensifica-
tion to achieve stringent HbAlc targets (mostly; HbAlc <7.0%).
However, the recent inclusion of CV status of the patient has
added new nuances to the recommendations. The European
Society of Cardiology (ESC) guideline developed in collabora-
tion with EASD suggested that instead of metformin, SGLT-24,
and GLP-1 RAs should be administered as first-line mono-
therapy in patients with atherosclerotic CV disease or with
high CV risk [43]. It is recommended that this monotherapy
approach, independent of choice of therapy, should be intensi-
fied with an additional drug if monotherapy does not achieve
or maintain the individualised HbA1c target after 3 months
[44]. The preferred third-line treatment approach includes in-
sulin initiation or a triple combination of oral blood glucose
lowering drugs [42,44].

Despite these updated recommendations, metformin is still
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the most common initial monotherapy and it will celebrate its
100th birthday in 2022 without a detailed mode of action ever
being described. It does, however, have many desirable phar-
macodynamic effects: it lowers both basal and postprandial
plasma glucose, suppresses excessive hepatic glucose produc-
tion through a reduction in gluconeogenesis increases glucose
uptake and insulin signalling, decreases fatty acid and triglyc-
eride synthesis and increases fatty acid B-oxidation [45-47]. It
may also increase glucose utilisation in peripheral tissues
[45,46], and reduce food intake and intestinal glucose absorp-
tion, and has been reported to increase the concentration of
both incretin hormones (enhance DPP-4 activity and intact
GLP-1 concentrations) and even stimulate GLP-1 synthesis or
inhibiting DPP-4 activity (through improved metabolic con-
trol) [48]. In other words, metformin, despite being a widely
used drug with an impressively complex, dose- and duration
dependent effect on glycaemia [49], it is still ‘only” a single
component and usually a starting point for a series of failing
therapy options. We should, instead, consider the favourable
effects of a strategic approach, as there are challenges with the
metformin, or indeed any, monotherapy approach: non-re-
sponse on an individual and population level [50], on top of
often delayed diagnosis [51].

Our understanding of the genetic basis of T2DM is expand-
ing with nearly 80 susceptibility loci identified, and attempts
have been made to correlate phenotype of glucose disposition
with particular genotypes [52,53]. Accordingly, the individual
response to medications differs from one patient to another.
Clinical variables such as disease duration, age, baseline
HbAlc, and body mass index have been found to predict clini-
cal responses to metformin, and sulfonylureas (SUs), basal in-
sulin, or incretin-based therapies, whereby the clinical re-
sponses to each medication was differently affected by these
variables [54-56]. In addition, the field of pharmacogenomics
in diabetes is expanding with identification of susceptibility
loci to individual drug classes [57]. This means that when most
patients present with an HbAlc value more than 1.5% to 2%
units of HbAlc above the diagnostic criteria and treatment
target level for newly diagnosed patients at diagnosis, the cur-
rent recommendations for monotherapy limit realistic oppor-
tunities to sufficiently lower glycaemia to achieve target levels
at onset of diagnosis [10,58]. Furthermore, once diagnosed,
many patients with T2DM will likely experience one treatment
failure after another, often due to delayed intervention. In a
substantial number of newly diagnosed patients, their treating
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physicians fail to intensify therapy within 6 or even 12 months
of failure of metformin monotherapy [59] and less than half of
the individuals with self-reported diabetes are likely to achieve
the goal of HbA1lc below 7.0% [60] while more than a third will
have an HbAlc value above 7.0% [61].

CLINICAL INERTIA AS A BARRIER TO
OPTIMAL DISEASE OUTCOMES

The inability to achieve target glycaemic control is multifacto-
rial and includes procrastination by the patient, physician and
society [62]. These factors include the difficulty for the person
living with diabetes to understand importance of glycaemic
control, leading to unrealistic expectations that the condition
will resolve spontaneously, rather than progressively worsen-
ing over decades [63,64]. The ‘wait and se€’ approach of the se-
quential treatment intensification also creates uncertainties for
the undecided physician. Clinical inertia—a failure to initiate
or intensify treatment in a timely manner, but also, failure to
establish appropriate targets and to escalate treatment to
achieve treatment goals [65]—is common and may expose pa-
tients to long-term elevation of glycaemia that can negatively
impact their prognosis [64]. In reality, median time to treat-
ment intensification, unfortunately, exceeds 12 months even
after persistent HbAlc above 7.0% for 6 months on metformin
monotherapy [66]. Insufficient adherence to “goal setting” and
lack of adequate patient-physician communication were pro-
posed to be contributors to clinical inertia according to results
of an online patient-physician survey [64]. Though physicians
well appreciated the risks associated with poor diabetes con-
trol, only 25% of people living with T2DM reported they were
worried about developing diabetes complications, whereas the
rest were unconcerned or believed the risk was remote [64].
Clinical inertia seems to accelerate rather than diminish [67,
68] despite the recent focus on it on guidelines [42].

Initiation of combination therapy, or earlier intensification
of the failing monotherapy might also be linked to an un-
founded fear of potentially increased risk of (potential syner-
gistic) adverse events of multiple regimens [69]. As a result,
patients may be exposed to prolonged, avoidable hyperglycae-
mia prior to treatment intensification, which can lead to in-
creased risk of microvascular and macrovascular complica-
tions [62,70]. With the onset of complications, therapy intensi-
fication can become complex with increased risk of adverse
drug reactions [71]. In these circumstances, providers should
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consider first whether aggressive treatment with the goal of at-
taining lower HbA 1c values is warranted. Nonetheless, the vast
majority of newly diagnosed patients with T2DM do not fall
into this category and will require, as well as better tolerate, a
more aggressive treatment approach. Individuals who are di-
agnosed with T2DM today might live longer with their disease
than they lived without it. Due to earlier disease onset, elevated
number of people with young onset diabetes, we have an in-
creasing number of people living with sub-optimally managed
T2DM for several decades [72].

COMBINATION THERAPY AT DISEASE
ONSET A NEW PARADIGM?

A proactive approach to treatment intensification was pro-
posed more than 10 years ago as an attempt to minimise time
spent in a constant state of hyperglycaemia [73]. During this
time, the ADA/EASD/American Association of Clinical Endo-
crinologists (AACE) treatment guidelines started to support
initiation of metformin therapy at diagnosis parallel to lifestyle
modification [74,75]. Initial combination therapy was to be
considered in individuals with an HbAlc above 7.5% [74] or
9.0% [75] and later the associations added a text indicating that
‘Initial combination therapy may be considered in patients pre-
senting with HbAc levels more than 17 mmol/mol (1.5%) above
their target’ [38]. It follows that an initial combination regimen
was already recommended for use in patients with diagnostic
HbA1c value above 7.5% (Fig. 2).

Thus, the debate started to centre on the need for combina-
tion therapy at higher initial levels of HbAlc, and whether at
least for those levels indicative of delayed diagnosis or more
aggressively progressing early disease, initiating combination
therapy based on pathophysiology is preferred over adding
stepwise therapy based on demanding glycaemic goals. How-
ever, it was less clear is whether initial combination therapy
would carry greater benefits than a sequential approach in
timely diagnosed, mostly asymptomatic individuals presenting
with HbA1c levels close to or at the diagnostic criteria (HbAlc
6.5%). Given this dilemma, a study was needed to verify if an
early combination strategy provided more favourable out-
comes and if the achieved effect on glycaemia could be more
durable versus the recommended sequential therapy [76]. A
theoretical presentation of the available evidence, with the di-
agnostic level of glycaemia contrasted against the known or as-
sumed duration of T2DM, both from double-blinded, ran-
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domised clinical studies but also, real-world evidence and con-
ceptual attempts to rejuvenate the 3-cell functionality in newly
diagnosed patients, is displayed in Fig. 2.

VERIFY’ING THE BENEFITS OF EARLY
COMBINATION THERAPY APPROACH

The multinational VERIFY study provides the most compel-
ling evidence regarding opportunities for treatment optimisa-
tion in early T2DM [77]. VERIFY enrolled patients who were
diagnosed with T2DM within 24 months; HbAlc levels be-
tween 6.5% and 7.5%; no prior diabetes treatment or maxi-
mum of 4 weeks of metformin. The study was reflective of the
increasingly heterogeneous worldwide T2DM population and
enrolled a cohort with ethnic, gender, regional, and socioeco-
nomic diversity—40% of the recruited patient population were
non-Caucasian and over half were female [78]. The choice of
exploring the early combination of a DPP-4i with metformin
was supported by the complementary mode of action of its two
components; glucose-dependent B-cell stimulation by vilda-
gliptin [79] and concomitant insulin sensitisation by metfor-
min [80]; as well as the established favourable safety profile of
both drugs [81]. Both components have also been reported to
reduce hepatic glucose production [10,80,82]; a key compo-
nent and driver of early, progressive T2DM.

In the VERIFY study, half of the individuals received the
early combination immediately after a short, individualised
metformin up-titration phase while those patients who initial-
ly received metformin monotherapy received the same combi-
nation therapy with metformin and vildagliptin following their
first treatment failure (HbAlc twice, consecutively, 13 weeks
apart above 7.0%). Apart from halving the risk of glycaemic
progression in 5 years following treatment initiation and delay-
ing the time to primary treatment failure with more than 2
years versus the sequential approach, early combination thera-
py also reduced the risk of time to secondary treatment failure
(when all patients were receiving the combination) by 26%
[77]. These results provide an additional, confirmatory piece of
evidence to the array of studies previously hinting that only the
early normalisation of glycaemia can help to attenuate diabetes
progression (Fig. 1) [83,84].

As the clinical response of one individual to a particular
medication can differ from the response of another individual,
one of the most frequently asked questions is whether all pa-
tients will benefit from the early combination strategy. The
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median time to initial treatment failure by strategy in the
VERIFY study demonstrated the overall lack of benefit with
initial metformin monotherapy, in all systematically studied
global populations and predefined sub-groups [85]. Addition-
ally, the time to second failure analysis confirmed that better
late than never does not apply in diabetes: later introduction of
the combination strategy did not provide long-term durability
after sequential introduction of a second-line agent. In this
way, the full efficacy of the added-on medication, vildagliptin,
did not fully materialise versus how efficaciously it induced a
rapid reduction in hyperglycaemia but also, provided a remis-
sion-like, long-term durability over 5 years when dosed as ear-
ly combination instead. It also seems impossible to predict on
the individual level who will respond to metformin monother-
apy; the HbAlc levels were significantly lower throughout 5
years in those receiving the combination strategy versus those
who could be considered as ‘metformin responders. Therefore
there were very few indicators of superior benefits with initial
monotherapy strategy in the VERIFY study. All the clinical
benefits, including the intriguing, statistically non-significant
trend for improved CV outcomes, were observed among those
with early combination despite some individuals having dem-
onstrated relatively good glycaemic control on initial metfor-
min monotherapy [77].

Two synergistic drugs dosed earlier is better [86] and pro-
vides a more pronounced and rapid decline in glycaemia than
one [77] but the clinically compelling outcomes of the VERIFY
study extend beyond the scientific findings. That is, that early
combination treatment in newly diagnosed patients with early-
stage T2DM provides increased glycaemic durability of target
HbA1lc levels. VERIFY also demonstrated that achieving these
targets required less frequent interventions, and thereby in-
vestment of clinical resources, for treatment intensification

over time.

SUPPORTING EVIDENCE FOR INITIAL
COMBINATION

Similar results to those of VERIFY have been observed in a
meta-analysis of 15 randomised clinical trials evaluating ini-
tial, metformin-based, dual combination therapies versus met-
formin monotherapy in treatment-naive patients with T2DM
(Fig. 2) [87]. Compared with metformin, the combination reg-
imens with TZDs, insulin secretagogues, DPP-4is or SGLT-2is
provided statistically significant, albeit absolutely modest re-
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ductions in HbAlc (-0.43%; 95% confidence interval [CI],
-0.56 to —0.30), increases in attainment of glycaemic goal,
HbA1lc below 7.0% (relative risk, 1.40; 95% CI, 1.33 to 1.48)
and reductions in FPG [87]. The population included had a
mean age range of 48.4 to 62.7 years; HbAlc between 7.2% to
9.9% and T2DM duration of 1.6 to 4.1 years, with median fol-
low-up of 6 months. Similarly, Cai et al. [88] demonstrated in a
meta-analysis of 36 studies with most widely used therapeutic
regimens, that compared with metformin monotherapy; initial
metformin-based combination therapies exhibited significant
reductions in HbA1lc (Fig. 2). In this analysis, most of the com-
bination therapies induced a similar risk of hypoglycaemia,
with the exception of combinations of SU/glinide and metfor-
min or combinations of TZD and metformin. Compared with
DPP-4i monotherapy, initial DPP-4i-based dual combination
therapies showed a significant decrease in HbAlc and a similar
risk of hypoglycaemia [88].

EVIDENCE SUPPORTING EARLY, TIMELY,
INTENSIFICATION

Addressing complex pathophysiological mechanisms may also
require acceleration from dual to triple combination: Abdul-
Ghani et al. [89] evaluated initial combination therapy with
metformin, TZD (pioglitazone) and a GLP-1 RA (exenatide)
compared with add-on therapy to metformin with an SU and
then insulin (Fig. 2). In this study, as opposed to the initial tri-
ple therapy, the conventional approach began with metformin
up-titration, followed by addition of the SU and ultimately, in-
sulin glargine. Interestingly, the time-related change in glycae-
mia was equally effectively managed with a rather aggressive
but efficaciously administered sequential therapy during the
first 6 months [89]. However, over time the HbAlc control
with the initial triple therapy was superior, due to the compo-
nents used and the complementary mechanisms of action
while the role of the timing of addition of the components was
unclear. In other words, this study demonstrated that appro-
priate, timely intensification of sequential titration of therapy
may also lead to achievement of glycaemic targets. Therefore,
starting with initial combination therapy may not necessarily
tully resolve the issue of clinical inertia still prevalent outside
clinical trials [90], but, rather, just postpone it to the next stage
of required treatment intensification.

Nevertheless, the benefits of early, timely, therapy intensifi-
cation are additionally supported by a number of real-world
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studies (Fig. 2). In patients newly diagnosed with T2DM, early
intensification of diabetes therapy (timely addition of anti-dia-
betes medicine, changes in metformin regimen, or nutrition-
ist/dietician referral) due to metformin failure resulted in a
more rapid attainment of HbAlc goals compared with late or
no treatment intensification [59]. Real-world observational
studies have shown the benefit of intensifying therapy with
basal insulin earlier in the treatment paradigm: in an analysis
of a US managed-care claims database, earlier insulin initiation
in T2DM patients on one or two oral anti-diabetic (OAD)
medications at baseline resulted in the greatest reductions in
HbAlc, compared with patients on three or more OADs [91]
In another retrospective database analysis, significantly more
patients on one OAD at baseline (early insulin initiation
group) achieved their glycaemic target, compared with pa-
tients receiving two, or three or more OADs before insulin ini-
tiation; in addition, decrease in HbA1c was significantly great-
er in patients on one OAD at baseline [92].

GENERALISABILITY TO, AND SAFETY OF,
ALL THE OTHER COMBINATIONS?

Mechanistically, the effects of agents other than vildagliptin in
combination with metformin, or other oral regimens, based on
rational consideration of mode of action will provide further
insight into pathophysiological processes in early T2DM. Nev-
ertheless, generalisability of the VERIFY results remains to be
demonstrated for all the other combinations because numer-
ous studies addressing the same scientific question have con-
tributed to pronounced differences observed in both the efhi-
cacy, and safety and tolerability profile of components within
the same drug class [93].

The particular drugs and combinations assessed need to be
studied comparatively evaluating their short-term effective-
ness in HbA1lc reduction as well as their long-term benefits on
B-cell function, durability, and reduction of diabetic complica-
tions [94]. Overall, the risk-to-benefit ratio of each drug must
be carefully weighed, because patients with newly diagnosed
diabetes make up a vulnerable population. Initial combination
therapy entails prescription of multiple drug classes with their
accordant known and unknown risks in previous exposed or
less studied populations. Prescribing incompatible medica-
tions may result in unduly exposing many individuals to harm,
as the long-term safety of anti-diabetes medications in newly-
diagnosed patients has yet to be determined for all (due to ex-
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tensive focus on CV outcomes trials and later stage patients,
mostly in the Western world).

Building on metformin

Initial or early combination regimens with metformin seem
like the most obvious option due to the established role of met-
formin. although it must be remembered that approximately
5% to 10% of individuals cannot tolerate metformin therapy
[95]. Therefore alternative combinations excluding metformin
should be explored as well, though their current use as first-
line therapy is very limited.

The pancreatic and overall safety of incretin-based therapies,
a commonly proposed second-line therapy, has increasingly
been established even before the reassuring VERIFY results
confirming lack of increased risk of pancreatitis in those with
newly diagnosed disease [77,96-100]. The combination of met-
formin and DPP-4i is widely used and is available as a combi-
nation pill, thus enhancing patient compliance [101-104].
However, real-world evidence has demonstrated that the pre-
scription of combination pills versus single components is not
driven by individual patient-related determinants; surprising-
ly, the glycaemic goals were equally often reached independent
of the formulation used [105]. A meta-analysis including five
studies comparing initial combination therapy versus metfor-
min monotherapy demonstrated superior HbAlc and better
FPG reductions but lower weight loss [106]. Even though these
studies were conducted in individuals with higher baseline
HbA1c levels, similar to the VERIFY results, the initial combi-
nation therapy with metformin and a DPP-4i did not induce
an increased risk of hypoglycaemia or other anticipated ad-
verse drug reactions such as those related to gastrointestinal
side effects [106]. The use of sub-maximal doses of anti-hyper-
glycaemic agents in combination has been shown to result in
similar or superior efficacy compared with monotherapy or
up-titration of a single drug, without significantly increasing
adverse events [102].

The use of TZDs has become restricted because of safety is-
sues [107] and the use of SUs had been declining in developed
areas due to elevated risk of hypoglycaemia and unresolved CV
safety issues [108] before the Cardiovascular Outcome Study
of Linagliptin vs Glimepiride in Type 2 Diabetes (CAROLINA)
study confused the scientific audience with rather neutral CV
outcomes, despite a higher rate of hypoglycaemia, in compari-
son to those receiving linagliptin in a vulnerable patient popu-
lation with long-term T2DM and chronic renal disease [109].
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Combination of metformin with TZDs has been studied in
multiple trials and increasingly again in real-world setting as
the class is generically available. Though the results of these tri-
als are positive, demonstrating better HbA1lc reduction with
the fixed-dose combinations [110,111], safety aspects [107]
surrounding the drug class have significantly restricted its use
despite interesting data regarding the effect of pioglitazone in
primary prevention of cerebrovascular disease in individuals
with insulin resistance [112]. The combination of pioglitazone
and DPP-4is has been studied as well [113,114]. Better HbAlc
reduction was perceived with the combination, yet weight gain
was greater with the combination versus pioglitazone alone in
some of the trials. The utility of this combination as first-line
therapy is limited and restricted to those who cannot tolerate
metformin or have a contraindication to its use.

SGLT-2is have exciting data especially in later populations
with concomitant CV disease [115], while reports of euglycae-
mic ketoacidosis and genitourinary tract infections warrant
careful patient selection and better delineation of the popula-
tions who may be at risk [116,117]. However, knowledge of the
reduced pathogenesis when combined with DPP-4is regarding
infections favours the use of these agents together [118], even
as initial combination albeit the evidence is yet to be generated.
The glucosuric effect of SGLT-2is is accompanied by an in-
creased rate of endogenous glucose production which offsets
the glucose-lowering effect of SGLT-2is by approximately 50%
[119]. Initial combination therapy of empagliflozin/linagliptin
has demonstrated superior HbA1c reduction versus linagliptin
alone, yet the efficacy of high dose empagliflozin was similar to
its combination with linagliptin [120]. Potentially the in-
creased glucosuria observed with high-dose SGLT-2is, in par-
ticular when prescribed to individuals with high baseline
HbAlc, may cause a reciprocal elevation in endogenous glu-
cose production which is beyond the capacity of DPP-4i to
overcome [120]. Contrary to the partially negative results of
the initial combination therapy, use of a combination of empa-
gliflozin and linagliptin as a second-line therapy, after metfor-
min, yielded positive results, demonstrating superiority of the
combination over empagliflozin alone [120]. The encouraging
CV data with dapagliflozin in Dapagliflozin Effect on Cardio-
vascular Events (DECLARE) study [121] contrasted with the
findings in the VERIFY study for vildagliptin could induce
projections of a promising therapeutic modality as an early
combination. However, it remains to be demonstrated to what
extent any of these pathophysiological mechanisms of recipro-
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cal effect on endogenous glucose production would affect the
long-term clinical glucose-lowering potency of this combina-
tion on lower glycaemic levels closer to normoglycaemia.

The SGLT-2is are available as single pill combination thera-
pies with metformin (and even as triple combinations), com-
peting with the metformin-DPP-4i combination pills as possi-
ble first-line initial combination therapy. When used as indi-
cated, both options have minimal drug-induced side effects,
beyond those of metformin alone, and most importantly, do
not cause hypoglycaemia [122]. Significant weight loss is ob-
served with the combination of SGLT-2is and metformin,
whereas weight neutrality or minimal weight gain is observed
with the combination of DPP-4i and metformin [106].

CHANGING GUIDELINES ALONE IS NOT
ENOUGH

One of the paradoxes of diabetes management is that early
drug treatment is assumed to be considerably less complex
than late intervention. Yet the foundation of care is set at the
time of diagnosis and more explicit clinical guidance is needed
when introducing a new treatment paradigm, a strategy. Using
two drugs with complementary mechanisms of action target-
ing different physiological abnormalities will be required in
most patients to achieve adequate glycaemic targets, prevent
f-cell failure and achieve durability versus what can be achieved
with the current standard-of-care.

Implementing the current, updated treatment recommenda-
tions in practice will require a change, from identification and
diagnosis to patient follow-up. Recommendations and tangible
protocols will need to facilitate early T2DM detection and di-
agnosis: one of the past and future challenges of successful rep-
lication of the VERIFY study results in practice will be related
to underdiagnosis and delayed diagnosis of T2DM worldwide
[1]. In VERIFY, only half of the screened individuals met the
glycaemic inclusion criteria reflective of optimal diagnostic
range and glycaemic levels for disease-modifying effect for
preservation of the (3-cells. The lowest individual HbAlc val-
ues at screening (after a locally confirmed diagnosis of T2DM)
were within the normoglycaemic range (<5.5%) while the
highest value was beyond the upper limit of the central labora-
tory (>18.5%) [123]. There were significant geographical vari-
ations, with the absolute screening failure rate indicating over
80% being outside the desired range [123]. This may be due to
regional differences in aptitude of healthcare systems to identi-
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ty patients early; less structured and limited access to public
healthcare infrastructure, socioeconomic inequality in combi-
nation with less accurate early identification and late or missed
diagnoses, confirm the existence of clinical diagnosis inertia
and the unmet need for early diagnosis and intervention to
curb the epidemic of diabetes. Despite the VERIFY results in-
dicating early benefits (and other evidence indicative of oppo-
site prospects for treatment success for those with delayed di-
agnosis), the guidelines will need to provide more explicit
guidance for early disease detection.

ADDITIONAL CONSIDERATIONS AND
UNANSWERED QUESTIONS

Under recent clinical guidance, and not least based on the results
from the VERIFY study, the role of metformin as the corner-
stone of early diabetes care requires careful reassessment, among
many new questions of importance (Fig. 1). The latest revisions
of the guidelines already indicated that eventually UKPDS is the
only study which has demonstrated signs of CV risk reduction
with metformin while all the other evidence indicates presence
of a summarised, neutral effect [124]. It is indeed prime time to
explore outcomes of other early combinations without the cur-
rent widely used component of metformin.

Nevertheless, even if outcomes have gained in importance,
one should not conceptually mix outcomes with the clinical
determinants of safety and their role in success of any chosen
regimen(s). The VERIFY results include an excellent tolerabili-
ty profile and lack of discontinuations due to adverse events,
despite achievement of low, pre-diabetic glycaemic levels [77].
We also learned that every agent added will not necessarily re-
sult in additional drug-induced adverse effects in all patients
even if there are historical data indicating that adverse drug re-
actions with older drugs were more prevalent with two-drug
combinations as opposed to monotherapy [125]. Conserva-
tively, sequential use and titration of therapy, if applicable, will
allow physicians to judge the adverse effect profile of each
agent and address it appropriately, whereas use of well-tolerat-
ed modern anti-diabetic agents should remove this clinical
challenge and, often unconscious fear without foundation. Use
of sequential therapy will add to the complexity of the regimen
and potentially negatively influence compliance without a fa-
vourable effect on safety and tolerability. No evidence exists
that would suggest that earlier combination of therapy as op-
posed to sequential titration would result in greater adherence
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or compliance of patients. The two different treatment arms in
the VERIFY study had similar adherence to the therapeutic
regimens in a double-blind setting, and randomised clinical
trials can seldom address adherence in an optimal way. Claims
of initial combination therapy masking an excellent response
to one element of the combination, or a poor response to an-
other, has been rejected as a hypothesis, at least in the VERIFY
study [77]. Additionally, there is no evidence to date that a
change of timing of the same agents as early combination as
opposed to sequential titration of therapy will have any favour-
able benefits on body weight. Adding an SU earlier in the
course may increase weight gain earlier, but if aggressive titra-
tion is achieved over a few months, the impact of weight gain
and its timing will be minimal. With use of SUs or e.g., insu-
lins, hypoglycaemia would be an issue regardless of timing. In-
stead, unselective use of early combination therapy may ignore
the heterogeneous presentation of the disease at onset and re-
sult in pathophysiologically incorrect treatment of individuals
from the start—identification of individual drivers of the dis-
ease and the best combination components will induce dura-
bility and be the first step towards precision medicine. It is
hardly justifiable to believe that newly diagnosed patients will
maintain adequate glycaemic control with monotherapy or
even just by lifestyle modification for a prolonged period of
time. One would be ignoring the progressive nature of the dis-
ease and the current evidence demonstrating durability for the
first time, with potential to reduce the clinical inertia associat-
ed with starting and optimising glycaemic control.

It could be argued that the narrow baseline glycaemia in the
VERIFY study was not reflective of clinical reality but in the
future, physicians may also face challenges in justifying contin-
ued treatment when impressive glycaemic control on or close
to normoglycaemic levels have been achieved and diabetes ‘re-
mission’ has been coined as a term. As T2DM is a progressive
disease with underlying mechanisms for complications and
early loss of B-cell function and insulin sensitivity, cessation of
successful treatment and ‘drug-holidays’ justified by financial
claims will jeopardise the unique response to early combina-
tion treatment. Therefore, we must shift from a concept of se-
quential treatment failures to new concepts of long-term dia-
betes remission, disease modifying effect and conversion of
glycaemia back to pre-diabetic levels.

There are several studies estimating the cost-effectiveness of
the new anti-diabetes agents, not strategic approaches, and it is
difficult to quantify the cost-effectiveness of softer outcomes
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such as fewer hypoglycaemic events or improved quality of life
[126]. Conceptually, initial combination therapy may induce
wider clinical use of newer and more costly anti-diabetes agents.
However, its cost-effectiveness must be individually assessed
against the known, currently progressive disease management
strategies, and generated costs, which are often covered out of
pocket by the individual instead of the society potentially reim-
bursing for the drug. The cost of these novel agents remains a
significant hurdle to their clinical use in many regions of the
world. The emerging evidence for long-term efficacy and safety
out of the VERIFY study now provides preliminary data on the
impact of excess time spent in avoidable hyperglycaemia using
validated pharmaco-economic models. Increasing awareness of
the benefits of sustained and continuous disease control is es-
sential to achieve alignment between physicians and policy
makers. The incoming Glycemia Reduction Approaches in Dia-
betes: a Comparative Effectiveness (GRADE) study will addi-
tionally respond to many of these questions [94].

CONCLUSIONS

The recently reported VERIFY study results have provided a
wealth of new evidence confirming long-term glycaemic dura-
bility and tolerability of the studied early combination in the
management of newly diagnosed, treatment-naive patients
worldwide. These results have also contributed to changes in
clinical treatment guidelines and standards of care. Clinical
implementation and individualised treatment decisions based
on VERIFY results might face barriers beyond the existing sci-
entific evidence. Appropriate, timely intensification of sequen-
tial titration of therapy may also lead to achievement of glycae-
mic targets while there is a wealth of data indicating this ap-
proach is challenging and less successful in clinical practise
due to extensive presence of clinical inertia. While there is no
single answer to the question if the early combination genuine-
ly and always is better, in all individuals, these unanswered
questions, as highlighted in the current diabetes guidelines,
should not become obstacles when changing the practice of
medicine, one patient at a time, when carefully considering
each individual case.
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