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SUMMARY

After metformin failure in treatment for diabetes type 2, there is no trivial option for adjuvant medication. The last two oral class
medications, gliflozins and gliptins, have different mechanisms of action but have never been compared in long run studies. The aim
of the present meta-analysis is to assess the overall long-term efficacy of these drugs after metformin failure. A systematic review
and meta-analysis were performed, including all trials with a duration of over 2 years, comparing gliflozins or gliptins after metformin
failure in type 2 diabetes. Data Sources: Pubmed (Medline), Embase, Lilacs, and the Cochrane Library from inception through July 2016
without language restrictions. The longest study period found in the literature was 4 years. We selected 1 article on empagliflozin, 1
on dapagliflozin, and 1 on saxagliptin with missing data. After one year of treatment, over 50% of the patients presented HbATc > 7%.
Efficacy rate after 4 years of empagliflozin (23%) was better than dapagliflozin (5%) and saxagliptin (7%); however, it presented statis-
tically non-significant values for HbATc (7.4 and 7.3% between gliflozins), and missing data for saxaglifozin. Nonetheless, empagliflozin
performed better than glimepiride in the 4-year period (standardized mean difference SMD 0.4, confidence interval Cl 95% 0.23 to
0.56). The failure of the secondary treatment using gliflozins occurs in less than one year of treatment (less than 50% of the patients
presenting HbATc > 7 %). Empagliflozin offered better glycemic control compared to sulfonylureas but was similar to dapagliflozin.
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INTRODUCTION

Type 2 diabetes mellitus (T2D) accounts for more
than 90% of cases of diabetes. It is a typical progressive
disease characterized by the gradual deterioration of
pancreatic f3-cell function and basal insulin resistance’.
Although metformin is the primary drug of choice, it
fails within nearly 2 years? The choice of the second
drug after metformin failure considers several fac-
tors, such as weight gain, risk of hypoglycemia, side

effects, and cost; however, none of the consensuses
considers the time of failure of the drug in the thera-
peutic choice34.

More recently, two new classes of glucose-lowering
agents were put into the market. Gliptins (dipeptidyl
peptidase-4 inhibitors) increase the incretin effect in
vitro, prolonging the action of native GLP-I°. Drugs
from this class have similar efficacy in reducing HbAlc
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levels, presenting satisfactory levels of safety and tol-
erance®. The newest class, gliflozins (sodium-glucose
co-transporter-2 inhibitors), act by increasing urinary
glucose excretion regardless of insulin secretion’.
Their main advantages are weight loss and low risk
of hypoglycemia®.

Gliptins and gliflozins have been investigated after
metformin failure in several randomized controlled tri-
als (RCTs) and short-term meta-analysis. Their efficacy
and safety were evaluated in systematic reviews and
meta-analyses within a period of less than 2 years®'"°.
However, there are neither direct long-term compar-
isons between the two classes nor a meta-analysis to
address their efficacy.

Network meta-analysis (NMA) compare the effec-
tiveness of interventions indirectly, in the absence of
head-to-head studies™. In addition, NMA has been
acknowledged as a key health care decision-making
tool that is increasingly recognized, given the possi-
bility of classifying treatments according to efficacy
and safety™.

The primary objective of this study is to estimate
the efficacy of gliflozins versus gliptins after met-
formin failure. A long-term perspective (more than
2 years’ follow-up) was selected to reflect diabetes
management better.

METHODS
Data Sources and Searches

A systematic literature review was conducted to
identify RCTs involving gliptins and gliflozins in T2D
inadequately controlled using metformin monother-
apy. Details of the search strategies are in Appendix S1.
This study was conducted according to the methods
and recommendations from the Cochrane handbook™.

Searches were conducted in July 2017 in electronic
databases (EMBASE, MEDLINE via Pubmed, LILACS,
and the Cochrane Central Register of Controlled Tri-
als); 2016 conference proceedings [European Asso-
ciation of the Study of Diabetes (EASD), American
Diabetes Association (ADA), American College of Car-
diology (ACC)]; and clinical trial registry [clinicaltrials.
gov]. An updated review of electronic databases was
performed in March 2018. Language was not an exclu-
sion criterion. The selection of the studies considering
inclusion criteria and data extraction were performed
by two independent reviewers, to reduce bias. The
meta-analysis protocol was published on Prospero
database CRD42015026155.

Study Selection

Initially, eligible studies were RCTs of 52 weeks’
duration, conducted among adults with T2D inade-
quately controlled on metformin monotherapy. Stud-
ies shorter than 52 weeks were excluded, as the initial
effect of treatment may not be maintained in the lon-
ger-term. To have meaningful results, we aimed to
compare studies presenting the longest periods pos-
sible found in the literature. Placebo- and active-con-
trolled RCTs comparing two or more drug classes of
interest were included. When the study used several
doses of the drug in a fixed manner, the usual dose
of clinical use was included in the analysis. The treat-
ment efficacy (percentage of patients with HbAlc <
7%), HbAlc levels, weight variation, and frequency of
hypoglycemia were analyzed.

Data Extraction and Quality Assessment

After the identification of eligible studies, the
authors independently extracted data, using stan-
dardized predefined forms. For continuous variables
(HbA1c and weight variation), we extracted outcome
data such as the number of participants, mean differ-
ence, and standard error (or standard deviation). For
dichotomous outcomes (frequency of patients with
hypoglycemia and treatment efficacy), the total num-
ber of participants and events that were randomized
and received treatment. Whenever studies reported
different data for follow-up duration as an outcome,
the longest one available was used. In cases where the
independent reviewers disagreed on the eligibility of
an article or data extraction, a consensus was reached
by arbitration. The quality of the study was assessed
using the Cochrane risk of bias tool®.

Data Synthesis and Analysis

We assumed a network meta-analysis within
a Bayesian approach®, using R programming. We
planned to measure heterogeneity and sensitivity
analysis. Results were reported with 95% confidence
intervals (CIs); we considered p values <0.05 as sta-
tistically significant.

We used the results of the systematic review to
create a network of evidence of the longest effect avail-
able (4 years of treatment). As a meta comparator, the
sulfonylureas were chosen.

For HbAlc, we evaluated the therapeutic efficacy in
years 1, 2, 3, and 4 (percentage of patients with HbA1c
< 7%) estimating a normal distribution in the absence
of the data, performing a Q? test. When data was not
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available, we used Digitizelt’, a digitalization software,
to capture the missing information.

A Summary of findings table was adapted to a net-
work meta-analyses™.

Outcomes

From HbA1lc and weight, variations from the base-
line values were analyzed. Therapeutic efficacy was
evaluated according to the percentage of patients pre-
senting HbAlc < 7%.

The proportion of subjects with at least one episode
of hypoglycemia (regardless of the definition) was ana-
lyzed on an odds ratio scale.

RESULTS

From 2.496 identified records, we excluded non-hu-
man, less than 1 year duration RCTs and observational
studies, leaving 164 reports for full-text assessment.
After further selection (Figure 1), 3 unique RCTs ful-
filled the inclusion criteria (Table 1) for the systematic

review and had 4 years of duration. We selected 1
article on empagliflozin®™, 1 on dapagliflozi', and 1 on
saxagliptin” with missing data. The risk of bias table
is available in Appendix S2.

Studies mentioned diet and activity recommen-
dations but did not specify any guidance on how to
execute them.

The definition of metformin failure (i.e. HbA1c
inclusion criteria in the individual RCTs) varied across
the included trials 6.5-10%. In the study on dapagli-
flozin (DAPA), there was a progressive titration of the
doses of dapagliflozin and glipizide up to 10 and 20 mg,
respectively. In the study on empagliflozin (EMPA),
there was a progressive titration of glimepiride up to
4 mg and a fixed dose of empagliflozin 25 mg. In the
study on saxagliptin (SAXA), we chose an arm with 5
mg and the placebo.

Mean baseline HbAlc ranged from 7,6 to 8,1%.
The mean change from baseline HbA1c observed in
the individual trial arms ranged from -0.9 to -0.2%,
(adjusted mean change) presented in Table 2.

FIGURE 1. THE PRISMA FLOW DIAGRAM FOR IDENTIFICATION AND SELECTION OF PRIMARY STUDIES INCLUDED

IN THE SYSTEMATIC REVIEW AND META ANALYSIS.
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TABLE 1. BASELINE CHARACTERISTICS OF THE SELECTED STUDIES

Study

Participants and baseline characteristics

Intervention / outcome

Del Prato et al., 2015

Multicenter study (n =77)

ClinicalTrials Registry: NCTO0660907
Design: 2 arms, double-blind, randomized,
dapagliflozin 2.5-10 mg, comparator glipizide
5-20 mg

Duration: 2 years with extension of 2 years

N: 814

Participants: patients with T2M on metformin
pre-randomization (> 1500 mg/d) or associated
to another suspended medication and titration
of metformin

Age (years): dapagliflozin + met 58 + 9; lipizide +
met 59 £ 10

Basal HbAlc (%): dapagliflozin + met 7.6 + 0.9;
glipizide + met 7.7 + 0.9

Basal weight (Kg): No data available

Intervention: dapagliflozin 2.5-10 mg
Comparator: glipizide 5-20 mg

Primary outcome: mean change in HbATc
at 52 weeks

Secondary outcomes: weight change at 52
weeks, proportion of patients with at least
1 episode of hypoglycemia, patients with
weight reduction greater than 5%

Salsali et al, 2016

Multicenter study (n =182)

ClinicalTrials Registry: NCT01167881
Design: 2 arms, double-blind, randomized,
empagliflozin 25mg, comparator glimepiride
1-4 mg

Duration: 2 years with extension of 2 years

N: 1549

Participants: patients with T2M on metformin (>
1500 mg/d).

Age (years): empagliflozin + met 56.2 + 10;
glimepiride + meth 55.7 £ 10

Basal HbATc (%): empagliflozin+ met 7.9 + 0.8;
glimepiride + met 7.9 + 0.9

Basal weight (Kg): empagliflozin + met 82.5 £ 19;
glimepiride + met 83 £ 19

Intervention: empagliflozin 25 mg
Comparator: glimepiride 1-4 mg

Primary outcome: mean change in HbATc
at 104 weeks

Secondary outcomes: weight change at
104 weeks, variation of systolic and diastol-
ic blood pressure at 104 weeks

Rosenstock et al., 2013

Multicenter study (n =154)

ClinicalTrials Registry: NCT00121667
Design: 4 arms, double-blind, randomized,
saxagliptin 2.5, 5, and 10 mg, placebo as a
comparator. Rescue drug pioglitazone 15-45
mg. Only included the 5 mg dose in the
analysis.

Duration: 4 years

N: 743

Participants: patients with T2M on metformin (>
1500 mg/d).

Age (years): saxagliptin + met 54.7 £ 9; Placebo +
met 54.8 £10

Basal HbATc (%): saxagliptin + met 81+ 0.7,
Placebo + met 81+ 0.1

Basal weight (Kg): No data available

Intervention: saxagliptin 5 mg
Comparator: placebo

Primary outcome: mean change in HbAlc
at 25 weeks

Secondary outcomes: fasting blood glu-
cose variation at 24 weeks, percentage of
patients reaching HbATc <7% at 24 weeks

Met: metformin. Data presented in mean and standard deviation

TABLE 2. SUMMARY OF FINDINGS

What is the best therapeutic option after primary failure with metformin in the long term?

Patients: T2D with primary metformin failure
Interventions: dapagliflozin and empagliflozin

Comparator: Sulfonylureas (glipizide and glimepiride)

Outcomes Standardized mean difference (MD) or odds ratio (OR) and confidence interval.
Dapagliflozin Empagliflozin Sulfonylureas
HbATc (%) MD 0,2 -0,21 MD 04 -0,91 -0,41
(-0,2- 0,5) (-0,0-0,4) (0,2- 0,6) (-1,0- -0,8) (-0,6--0,2)
HbATc <7% in 4 years | 5% 23% 5% (2 studies)
SO OO very low SO OO very low
confidence in estimate due to relative confidence in estimate due to relative
risk risk
Based in 801 patients (1 study) Based in 1.541 patients (1 study)
Weight variation MD 11 -3,61 MD 2,63 =411 0,81
(Kilos) (0,8-13) (-4,3-3,0) (2,4-2,8) (-41--3,9) (-2,3--13)
SO OO very low SDOO low
confidence in estimate due to relative confidence in estimate due to relative
risk risk
Based in 801 patients (1 study) Based in 801 patients (1 study)
Hypoglycemia RC 0,05 30 fewer per 100 RC 0,08 33 fewer per 100 36 per 100
(Frequency of pa- (0,03- 0,09) (28 fewer to 33 (0,05- 0,13) (31 fewer to 34 fewer)
tients) fewer)
S S SO moderate @@ @O moderate

bias

confidence in estimate due to risk of

confidence in estimate due to risk of bias

Based in 801 patients (1 study)

Based in 801 patients (1 study)

1. Compared with the baseline value
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Efficacy rate (HbAlc < 7%) in 1 year of treatment
was 35 and 43%, for dapagliflozin and empagliflozin,
respectively. In 4 years of treatment, empagliflozin
(23%) was statistically significantly better than dapagli-
flozin (5%) and saxagliptin (7%), data presented in
Appendix S3.

Only the EMPA study presented results for base-
line weight. Weight variation was negative for glifloz-
ins and positive for sulfonylureas (Table 2).

For the meta-analysis, only the DAPA and EMPA
studies had a meta comparator (sulfonylurea) and
were eligible. In the arms comparison of the DAPA
study (dapagliflozin versus glipizide), the HbAlc vari-
ation did not present statistical significance at the
end of the study. In the EMPA study (empagliflozin
versus glimepiride), there was a significant reduction
in the HbA1c (SMD: 0.40, CI 95% 0.23 to 0.56). In the
meta-comparison between dapagliflozin and empagli-
flozin, there was no statistical significance, presented
in Figure 2.

Comparing bodyweight variation, in the DAPA
study, the weight variation was statistically signifi-
cant, favoring dapagliflozin (SMD: 1.07, CI 95% 0.83 to
1,32). In the EMPA study, the analysis also showed sta-
tistical significance favoring empagliflozin (SMD: 2.63,
CI 95% 2.4 to 2.85). In the meta-comparison between
dapagliflozin and empagliflozin, there was statistical
significance favoring empagliflozin (SMD: 1.56, CI 95%
1.22 t01.88), presented in Figure 2.

The frequency of patients with hypoglycemia was
significantly higher in the sulfonylureas arms in DAPA
study (OR:0.05, CI 95% 0.03 to 0.09) and in the EMPA
study (OR: 0.08, CI 95% 0.05 to 0.13). In the meta-com-
parison between dapagliflozin and empagliflozin, there
was no statistical significance (Figure 2).

Due to the low availability of studies, it was not
possible to measure heterogeneity and run a sensi-
tivity analysis.

DISCUSSION

The medical literature lacks RCTs to evaluate the
efficacy of gliflozins and gliptins for T2D after mono-
therapy failure using metformin in the long-term. This
has been the first review to address this question.

The efficacy of dapagliflozin and empagliflozin
were less than 50% in one year, suggesting that gly-
cemic control becomes insufficient within the first
years of the study for most of the patients. Results
recently published from the Canvas Trial Program,
designed to evaluate cardiovascular outcomes, com-
pared canagliflozin and placebo associated to basal
therapy (metformin > 77% of the patients) and showed
they were unable to sustain glycemic control for more
than 6 years, evidencing a progressive deterioration
over time™. Abdul-Ghani et al.™, in 2015, suggest a
three-medicament treatment in patients with diabetes
recently diagnosed was more efficient to reduce HbAlc

FIGURE 2. A: COMPARISON OF HBA1C (%) VARIATION FROM BASELINE. B: COMPARISON OF WEIGHT VARIATION
(KG) FROM BASELINE. C: COMPARISON OF THE FREQUENCY OF PATIENTS WITH HYPOGLYCEMIA. SD= STANDARD
DEVIATION, MD: STANDARDIZED MEAN DIFFERENCE, OR: ODDS RATIO, Cl95%L = LOWER LIMIT 95% CONFIDENCE
INTERVAL, CI95%U = UPPER LIMIT 95% CONFIDENCE INTERVAL.
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and presented less hypoglycemia when compared
to the progressive adoption of a three-medicament
treatment along two years. It is possible that the time
wasted up to the moment of failure in the primary
treatment can be related to a significant loss of  cell
functionality in the selected studies of this analysis,
similar to the one found in the literature. The consen-
sus provided by the American Diabetes Association
and American Association of Clinical Endocrinology
ought to consider the time of failure of the drugs, aside
from weight, cost, side effect, and drug efficacy when
recommending a second drug therapy.

In the selected studies, dapagliflozin and empagli-
flozin were compared to sulfonylureas (glipizide and
glimepiride respectively) titration, allowing it to be
up to half of the maximum dose. Medical literature
shows scarce comparisons between sulfonylureas®.
In the DAPA study, only 63% of the patients in the glip-
izide arm received the maximum titration dose of 20
mg'e. There are no 4-year data referring to the mean
dose of glimepiride in the EMPA study; however, in
the 2-year publication, only 40% of the patients in the
glimepiride group used the allowed maximum dose in
the 4mg?. In a study comparing canagliflozin versus
glimepiride after the failure of metformin as primary
treatment, which was not included in this review, for
it lasts 2 years, the titration of glimepiride was done
up to the maximum recommended dose of 8 mg/d*.
Although some publications in the medical literature
point that the efficacy between half a dose and the
full dose of sulfonylureas would have similar effects?.
We can conclude that one cannot characterize thera-
peutic equivalence or superiority of gliflozins in the
selected studies in patients who did not reach the rec-
ommended half dose of the sulfonylureas. Addition-
ally, hypoglycemia could have been a limiting factor
in the titration of the sulfonylureas.

The meta-comparison of HbAlc between both gli-
flozins showed no significant difference. To interpret
this result, it is important to consider that the criteria
for rescue and titration from each study were differ-
ent. This analysis presents a low level of quality of
evidence due to severe inconsistency (heterogeneity
which could not be calculated) and severe inaccuracy
(only 2 studies).

Both gliflozins demonstrated weight loss when
compared to sulfonylureas, and in the meta-compar-
ison, empagliflozin performed better than dapagli-
flozin. The variation of weight loss was maintained
for 4 years for gliflozins compared to sulfonylureas

(Appendix S4). Those data must be analyzed consid-
ering potential confounders, such as the progressive
titration of dapagliflozin, the employed methodol-
ogy for incomplete data in each study (LOCF versus
MMRM), and the fact that in the DAPA study the
results of weight variation included patients after the
therapeutic rescue.

Hypoglycemia is a main concern in diabetes treat-
ment, especially in patients using sulfonylureas. In
this review, we demonstrated a low frequency of
patients with hypoglycemia under the class of glifloz-
ins in a 4-year period (dapagliflozin 5% and empagli-
flozin 3%) compared to sulfonylureas (glipizide 52%
and glimepiride 28%). This result must be evaluated
since each study has had its own objective and sub-
jective criteria of hypoglycemia.

Other factors not evaluated in this systematic
review that can impact the clinical use of gliflozins
and gliptins are the adverse effects and cardiovascu-
lar safety. The medical literature has been showing
a higher risk of urinary infection? and a beneficial

cardiovascular profile of gliflozins™?%.

LIMITATIONS

A critical assumption underlying NMA is related
to exchangeability, i.e., that trials selected are sulffi-
ciently similar in design, outcomes, and population.
Potential limitations of this NMA network were the
number of studies, the study designs, and losses
during the follow-up. Other crucial factors to be con-
sidered are incomplete data of the outcomes (espe-
cially missing data of LOCF vs. MMRM strategies),
selective narratives, and performance (sub dose of
sulfonylureas as a comparator).

CONCLUSION

More long-term studies are required to evaluate
the efficacy of gliptins and gliflozins after the thera-
peutic failure of metformin monotherapy in patients
with T2D.

The efficacy of the treatment, defined by the per-
centage of patients with HbAlc <7%, is low in the first
years of treatment with gliflozins. In 4 years of treat-
ment, the efficacy profile of empagliflozin (23%) per-
formed better than saxagliptin (7%) and dapagliflozin
(5%); however, with average values of HbA1c that were
statistically non-significant.

The variation of weight loss was maintained in 4
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years for gliflozins compared to sulfonylureas, being
more favorable to empagliflozin.

The frequency of patients with hypoglycemia
was significantly better for gliflozins compared to
sulfonylureas. There was no difference in the class
of gliflozins.

The results of this systematic review and
meta-analysis suggest careful analysis for general-
izations to other populations. Further studies are
required to evaluate the efficacy of glycemic control,
weight variation, and frequency of hypoglycemia in
the long-term after the introduction of gliflozins and

gliptins after the primary failure of metformin in
patients with T2D.
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Apés a falha da metformina no tratamento do diabetes tipo 2, ndo existe uma opgdo trivial para a medicacdo adicional. Os dois dltimos
medicamentos de classe oral, gliflozinas e gliptinas, tém mecanismos de agdo diferentes, mas nunca foram comparados em estudos
de longo prazo. O objetivo da presente meta-andlise é a avaliagdo da eficdcia global em longo prazo desses medicamentos apds a
falha da metformina. Uma revisdo sistemdtica e meta-andlise foram realizadas, incluindo todos os ensaios com uma duragdo de mais
de dois anos, comparando gliflozinas ou gliptinas apés a insuficiéncia de metformina no diabetes tipo 2. Fontes de dados: PubMed
(Medline), Embase, Lilacs e a Biblioteca Cochrane desde o inicio até julho de 2016, sem restricées de idioma. O periodo mais longo de
estudo encontrado na literatura foi de quatro anos. Foi selecionado um artigo sobre empagliflozina, um artigo sobre dapagliflozina e
um artigo sobre saxagliptina com dados faltantes. Apés um ano de tratamento, mais de 50% dos pacientes apresentavam HbATc >7%.
A taxa de eficdcia em quatro anos de empagliflozina (23%) foi melhor que dapagliflozina (5%) e saxagliptina (7%), porém com valores
estatisticamente ndo significativos para HbATc (7,4% e 7,3% entre gliflozinas) e dados ausentes para a saxaglifozina. No entanto, a
empagliflozina teve um desempenho melhor do que a glimepirida no periodo de quatro anos (diferenca média padronizada SMD 0/4,
intervalo de confianga IC 95% 0,23 a 0,56). A falha do tratamento secunddrio com gliflozinas ocorre em menos de um ano de trata-
mento (menos de 50% dos pacientes com HbATc >7%). A empagliflozina ofereceu melhor controle glicémico em comparagdo com as

sulfonilureias, mas semelhante & dapagliflozina.

PALAVRAS-CHAVE: Diabetes mellitus tipo 2. Metformina. Inibidores da dipeptidil peptidase V.
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