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Summary
Aims: TECOS was a randomized, double-blind, placebo-controlled trial assessing the
impact of sitagliptin vs. placebo on cardiovascular outcomes when added to usual
care in patients with type 2 diabetes. We report the use of concomitant diabetes
medications and the risk for progression to insulin during follow-up.

Materials and Methods: TECOS enrolled 14 671 participants with HbAlc 6.5%-8.0%
on monotherapy with metformin, pioglitazone, sulfonylurea (SU), or dual therapy
with two oral agents or insulin with or without metformin. Subsequent diabetes man-
agement was by the participant’s usual care physician. Time to initiation of insulin and
risk of hypoglycaemia were estimated using Cox proportional hazards models.
Results: The most common glucose-lowering regimens at baseline were metformin
monotherapy (30.2%), SU monotherapy (8.5%), metformin/SU therapy (35.1%), and
insulin with or without metformin (13.9% and 8.6%, respectively). Over a median
3.0 years’ follow-up, diabetes therapy was intensified in 25.2% of participants (sitag-
liptin 22.0%, placebo 28.3%). Medications most commonly added were SU (8.3%) or
insulin (8.8%). Insulin initiation in the usual care setting occurred at mean (standard
deviation) HbA, _ of 8.5 (1.5)%. Sitagliptin did not impact rates of severe hypoglycae-
mia, but delayed progression to insulin when added to metformin or metformin/SU
regimens.

Conclusion: Consistent with the trial’s pragmatic design, TECOS participants under-
went typical progression of diabetes medications. Sitagliptin was associated with
lower HbA, ,

with delayed progression to insulin when added to metformin with or without SU.

without increased risk for severe hypoglycaemia and was associated
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Type 2 diabetes mellitus (T2DM) is a progressive disease usually
requiring the addition of multiple antihyperglycaemic agents to
achieve and maintain adequate glycaemic control over time. The
typical pattern of diabetes treatment begins with lifestyle adjust-
ment and monotherapy with metformin, progresses to dual therapy
with oral agents and/or injectable treatments, and most patients
with T2DM will eventually require therapy with insulin. In the
United Kingdom Prospective Diabetes Study, 53% of newly diag-
nosed T2DM patients treated with sulfonylurea (SU) monotherapy
required the addition of insulin over 6 years, albeit at a time when
availability of non-insulin treatments was limited.* Similarly, among
368 382 patients with T2DM registered in the Swedish National
Diabetes Registry in 2017, 57 805 patients (15.7%) used insulin in
combination with other glucose-lowering drugs, and 32 342 patients
(8.8%) used insulin alone.? A US-based cross-sectional, age-adjusted
assessment from the Centers for Disease Control and Prevention re-
ports that 18% of American adults with diabetes use insulin alone
and another 13% use insulin in combination with oral agents.®

Although an effective and safe treatment at any stage of diabe-
tes, transition to insulin for many patients is considered a marker
of “end-stage disease” or of a failure of diabetes care. Barriers to
insulin use include patients’ fear of injections or side effects of insu-
lin (most commonly hypoglycaemia) or of stigma and discrimination.
Clinicians’ lack of time, knowledge or experience in providing appro-
priate patient education and training in insulin use poses additional
obstacles.*?

The Trial Evaluating Cardiovascular Outcomes with Sitagliptin
(TECQOS), arandomized, placebo-controlled cardiovascular outcomes
trial comparing sitagliptin with placebo when added to usual care,
provides an opportunity to examine international patterns of phar-
macological diabetes treatment, thresholds for the addition of insulin
and the degree to which sitagliptin therapy, compared with placebo,
delays the onset of insulin use in a large, international cohort.

2 | RESEARCH DESIGN AND METHODS

2.1 | Study design and participants

The design, protocol and primary results of TECOS (NCT00790205)
have been published previously.” The study was designed and run
independently by the Duke Clinical Research Institute (DCRI) and
the University of Oxford Diabetes Trials Unit (DTU) in an academic
collaboration with the sponsor, Merck Sharp & Dohme (Kenilworth,
NJ, USA). The protocol was approved by the ethics committees as-
sociated with all participating trial sites, and all participants provided
written informed consent for trial participation.

Briefly, 14 671 participants from 38 countries were enrolled
between December 2008 and July 2012. Eligible participants
were 250 years old (with no upper age limit) with T2DM, athero-
sclerotic cardiovascular disease, and HbAlc values of 6.5%-8.0%
(48-64 mmol/mol) on stable dose mono- or dual-combination

therapy with metformin, pioglitazone, or SU, or insulin with or with-
out metformin. Study patients were randomized in a double-blind
fashion to the addition of sitagliptin or placebo to usual care at doses
appropriate for their estimated glomerular filtration rate (eGFR).
Patients with an eGFR <30 mL/min per 1.73 m? were not eligible.
During follow-up, treatment for T2DM and its comorbidities was
provided by usual care providers based on local guidelines, with an
intent to achieve comparable glycaemic control in the two treatment
groups. The addition of any antihyperglycaemic agent was permitted
with the exception of glucagon-like peptide-1 (GLP-1) receptor ago-
nists or open-label dipeptidyl peptidase-4 (DPP-4) inhibitors. Use of
rosiglitazone was discouraged. Data regarding use of concomitant
medications by drug class, occurrence of severe hypoglycaemia (hy-
poglycaemia requiring the assistance of another individual), serious
adverse events (SAEs) and adverse events (AEs) resulting in study
drug discontinuation were recorded at all visits. Drug classes for glu-
cose-lowering medications were as follows: metformin, SU, thiazo-
lidinedione, insulin (included short- and long-acting preparations),
pramlintide, non-SU secretagogues, alpha-glucosidase inhibitors,

GLP-1 receptor agonists and open-label DPP-4 inhibitors.

2.2 | Statistical analysis

The intention-to-treat population was used for all analyses. Baseline
characteristics are summarized using mean (standard deviation) or
median (25th, 75th percentile) for continuous variables, and num-
ber (percentage) for categorical variables. Outcomes include change
in HbAlc, proportion experiencing a severe hypoglycaemic event,
proportion with a severe or treatment-emergent AE and time to the
addition of insulin (for those not using insulin at baseline).

Medication initiation dates were used where available (primarily
for insulin), but if missing, study visit dates approximated medication
initiation. Comparisons between randomized treatment allocation
with regard to the initiation of a new glucose-lowering medication
were tested using Cox proportional hazards regression models, strat-
ified by region, with reporting of hazard ratios (HRs), 95% confidence
intervals (Cls) and P-values. The mean HbA1c value at the time of
insulin initiation was calculated for those patients with at least one
HbA1c measurement within the preceding 6 months. HbA1c values
during follow-up were compared for treatment groups using re-
peated-measures analysis of variance models that adjusted for time,
region and baseline HbAlc. Cox proportional hazards regression
models used to test for possible associations between randomized
treatment allocation and severe hypoglycaemic events included ran-
domized treatment, baseline medication group and treatment-by-
medication group interactions. The proportional hazards assumption
in the Cox regression was checked, but violations occurred only after
3 years of follow-up, at a time when 92% of hypoglycaemia events
and 88% of insulin initiation events had already occurred.

AEs collected within TECOS included those that met SAE report-
ing criteria, and those that resulted in cessation of study medication;
however, study end-points and expected diabetes complications (as
listed on the TECOS clinical event list”) were not included in the AE
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analyses. Other non-serious AEs were not collected. AEs were anal-
ysed in the all-patients-as-treated population, comprising all random-
ized patients who received at least one dose of study medication.
AEs were analysed as binary variables. Counts and proportions of
patients with events were reported, along with Miettinen-Nurminen
95% Cls for the risk difference between sitagliptin and placebo.

3 | RESULTS

Baseline characteristics by treatment group have been published,®
with characteristics by medication class shown in Table 1. The most
common glucose-lowering regimens were metformin monotherapy
(30.2%, N = 4435), SU monotherapy (8.5%, N = 1246), metformin/
SU therapy (35.1%, 5152) and insulin (including short- and long-act-
ing preparations) with or without metformin (13.9% [N = 2032], 8.6%
[N = 1255], respectively). A more detailed breakdown of baseline
medication use is provided in Table S1. Further results listed here
are only for those medication classes used at baseline in >5% of the
population, which included metformin, SU, metformin/SU combina-
tion, insulin and insulin/metformin combination.

Metformin and SU monotherapy users had shorter median (IQR)
duration of diabetes (6 [3, 10] and 8 [5, 13] years, respectively), users
of metformin/SU combination therapy had an intermediate median
diabetes duration (11 [6, 16] years), while insulin (17 [11, 24]) and in-
sulin/metformin (16 [11, 22]) users had the longest duration (Table 1
and Figure 1). Asian participants were numerically less likely to be
using insulin. Renal function parameters were consistent with clini-
cal guidelines for medication use (highest eGFR for metformin, lower
in insulin and SU users) as were proportions of patients with heart
failure (lowest in metformin-containing regimens).

Calculated over the duration of follow-up, estimated overall mean
HbA1c (95% ClI) was 0.28% (-0.30 to —0.26) lower in the sitagliptin
group compared with the placebo group and was similarly reduced in
all groups by baseline diabetes medication class (Table S2). Diabetes
medications were added during follow-up in 25.2% of participants,
but in fewer participants in the sitagliptin group (22.0%, N = 1215)
compared with the placebo group (28.3%, 2080) (Figure 2). The most
commonly added medications were SU (8.3%, N = 1215) and insulin
(8.8%, N = 1286). Figure 2 also shows the addition of concomitant
diabetes medication according to baseline medication use. Patients
receiving baseline metformin monotherapy were most likely to add
SU (21%), whereas those receiving baseline SU monotherapy were
most likely to receive metformin (32%). Those receiving metformin/
SU combination therapy were most likely to have insulin added to
their regimen (17%), although alpha-glucosidase inhibitors (6%), thi-
azolidinediones (4%) or open-label DPP-4 inhibitors (3%) were also
used.

In those patients not using insulin at baseline, insulin was initi-
ated in 4.7% of metformin monotherapy users over a median fol-
low-up of 3.0 years, 11.0% of SU monotherapy users over a median
follow-up of 3.1years and 17.2% of metformin/SU combination
therapy users over a median 3.2 years’ follow-up. Overall, the mean
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(SD) HbA1c value at the time of insulin initiation was 8.5% (1.5%)
and was lower for those on metformin monotherapy (8.3% [1.6%])
or SU monotherapy (8.4% [1.4%]), but higher for those receiving dual
oral agent treatment (8.6% [1.5%)]). The likelihood that insulin would
be added was significantly lower with sitagliptin overall (HR 0.70;
95% Cl 0.63-0.79; P < 0.001), in patients using metformin alone (HR
0.67; 95% Cl 0.51-0.89; P = 0.005) or using metformin/SU combi-
nation therapy (HR 0.64; 95% Cl 0.56-0.73; P < 0.0001) at baseline,
but when added in those using SU alone at baseline, sitagliptin had
no significant impact on the time to insulin use (HR 0.96; 95% Cl
0.68-1.34; P = 0.80) (Figure 3).

Event rates for incident severe hypoglycaemia were lowest
in patients using metformin monotherapy at baseline, somewhat
higher in those using SU or metformin/SU combination therapy and
highest in those using insulin alone or in combination (Table 2). The
likelihood of severe hypoglycaemia was not significantly different
for sitagliptin compared with placebo, either overall or according to
baseline glucose-lowering medication use. Similar patterns were ob-
served when baseline non-insulin users were censored after the ini-
tiation of SU or insulin (data not shown). There were no differences
between treatment groups in the frequency of AEs or SAEs (Table

S3) according to baseline medication use.

4 | CONCLUSIONS

The TECOS study was conducted in conjunction with usual com-
munity-based diabetes care according to local treatment guidelines.
Our analysis shows that TECOS participants, a cohort with reason-
ably well-controlled diabetes at baseline, broadly followed expected
patterns of diabetes medication use. The majority of patients were
using one or two oral agents at baseline, and the choice of base-
line medication paralleled median diabetes duration, ranging from
the shortest duration in metformin monotherapy users (6 years)
to the longest (17 years) in those receiving insulin monotherapy.
Intensification of therapy also showed progression from mono- to
dual-oral agent therapy and then to insulin alone or in combination.
Severe hypoglycaemia was more common in patients using regimens
containing SU or insulin, but rates were not impacted by randomiza-
tion to sitagliptin or placebo.

This paper examines the real-world progression of glucose-low-

)" “as deemed necessary

ering diabetes therapy (per the trial protocol
by the usual care physician ... to achieve an appropriate, individu-
alized glycaemic goal in line with national guidelines,” rather than
protocol-imposed targets. TECOS provides a structured opportunity
to make these observations globally on the treatment standards in
effect at the time the trial was conducted. Insulin was added in 8.8%
of TECOS participants during a median 3.0 years of follow-up, with
the median HbA1c of 8.5% at the time of initiation higher than the
6.5%-7% target suggested in contemporaneous international guide-
lines.>*® These findings echo those from other cohorts demonstrat-
ing delayed insulin initiation with respect to glycaemic control. The
Insulin Titration—Gaining an Understanding of the Burden of Type
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® Oral monotherapy ® Multiple oral medications M Insulin

Percentage of patients per type of therapy

FIGURE 1 Composition of diabetes
medication regimen by duration of
diabetes. Insulin indicates both short- and
long-acting preparations used alone or in
combination with other agents
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FIGURE 2 Concomitant diabetes medication added during follow-up by randomized treatment group (A) overall and (B-D) according to
baseline diabetes medication use. The addition of any antihyperglycaemic agent was permitted by the TECOS protocol, with the exception
of GLP-1 receptor agonists or open-label DPP-4 inhibitors. Use of rosiglitazone was discouraged. Hazard ratios, confidence intervals and
P-values are from Cox proportional hazards regression models for the association between randomized treatment and time to addition of
the given medication, stratified by region. AGI, alpha-glucosidase inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like
peptide-1 receptor agonist; NSS, non-sulfonylurea secretagogue; SU, sulfonylurea; TZD, thiazolidinedione



BETHEL e7 AL. Endocrinology, Diabetes 7 0f9
i —WILEY
& Metabolism
(A) Overall (B) Metformin monotherapy
30 30
Q 25 Placebo Hazard ratio (95% Cl): L 25 Placebo Hazard ratio (95% Cl):
< — Sitagliptin 0.70(0.63, 0.79) g — Sitagliptin 0.67 (0.51, 0.89)
£ 20 P<0.001 £ 20 P=0.005
? 2
E 15 E 15
S) 5]
c
g 10 S 10
kel he]
2 s 2 s /
01, . . . . 01
0 12 24 36 48 0 12 24 36 48
Months Months
No. at risk No. at risk
Placebo 5655 5083 4588 2483 994 Placebo 2269 2113 1988 1047 418
Sitagliptin 5608 5155 4750 2622 1044  Sitagliptin 2166 2036 1911 1017 419
(C) SU monotherapy (D) Metformin and SU combination therapy
30 30
< 25 Placebo ; o . S 25 Placebo Hazard ratio (95% Cl):
H d ratio (95% Cl): S
< — Sitagliptin %ngr; ((rfég,(1 34) ) s —— Sitagliptin 0.64 (0.56, 0.73)
£ 20 P=0.80 £ 20 F<0.0001
3 o}
2 z
:E 15 = 15
5] 5]
S 10 S 10
s g
2 5 2 5
0+ . . . . 01 . . . .
0 12 24 36 48 0 12 24 36 48
Months Months
No. at risk No. at risk
Placebo 603 537 474 254 108 Placebo 2561 2236 1945 1063 419
Sitagliptin 643 577 517 295 106 Sitagliptin 2591 2345 2141 1190 467
FIGURE 3 |Initiation of chronic insulin therapy by randomized treatment group (A) overall and (B-D) according to baseline diabetes
medication use
TABLE 2 Incident severe hypoglycaemic events according to baseline therapy
Sitagliptin Placebo
Events per Events per
Events/total (%) 100 pt-y Events/total (%) 100 pt-y HR (95% CI) P-value
Overall 160/7332(2.2) 0.78 143/7339 (1.9) 0.70 1.12(0.89, 1.40) .
Baseline insulin
No 99/5608 (1.8) 0.60 75/5655 (1.3) 0.45 1.32(0.98,1.78) 0.092
Yes 61/1724 (3.5) 1.47 68/1684 (4.0) 1.70 0.89(0.63, 1.26)
Baseline diabetes medication
Metformin only 19/2166 (0.9) 0.30 18/2269 (0.8) 0.27 1.09 (0.57, 2.08) 0.61
Sulfonylurea only 9/643 (1.4) 0.49 7/603 (1.2) 0.41 1.25(0.47, 3.36)
Metformin + sulfony- 66/2591 (2.5) 0.86 47/2561 (1.8) 0.63 1.38(0.95, 2.01)
lurea
Insulin only 27/657 (4.1) 1.79 25/598 (4.2) 1.82 1.03(0.60, 1.77)
Insulin + metformin 32/1008 (3.2) 1.31 38/1024 (3.7) 1.55 0.85(0.53, 1.36)

HR (95% Cl) is for comparison of sitagliptin to placebo for the time to first severe hypoglycaemic event overall and by baseline medication class used.

2 Diabetes in Europe (INSTIGATE) study showed a mean HbA1c of
9.15% at the time of insulin initiation in a Spanish cohort, 38% of
whom were treated with dual oral agent therapy.'' A multinational
observational study including 17,374 participants documented pre-

insulin HbA1c values of 8.9 + 1.6%.12 The reasons for delayed insulin

initiation are multifactorial, including patient-centred and physician-
related factors.?®* Although TECOS participants appear to have
fared slightly better, with lower HbA1c values at insulin initiation,
this may reflect the selection of better controlled patients for the

trial, more attentive care for trial participants than is seen in general
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practice, or contemporaneous guidelines recommending less strin-
gent HbA1lc targets for patients with diabetes and established
cardiovascular complications.16 Delays in treatment intensification
have been called a “dysglycaemic legacy,” associated with increased
development of cardiovascular and renal complications.’” Of note,
the rate of insulin initiation was higher in PROspective pioglitAzone
Clinical Trial In macroVascular Events (PROactive), but this is not
surprising, given that insulin was really the only additional glucose-
lowering agent available at that time. The impact of other agents on
insulin initiation rates would be of interest, but the TECOS protocol
did not permit the use of GLP-1 receptor agonists, the use of thiazo-
lidinediones was strictly limited, and the infrequent use of SGLT-2
inhibitors in the 2008-14 TECOS time period meant there were too
few participants to make comparisons between these groups for
time to insulin initiation.

Within TECOS, treatment with sitagliptin was associated with
improved glycaemic control and a delayed use of insulin in patients
receiving metformin monotherapy or combination therapy with
metformin and SU. The finding that sitagliptin had no impact on time
to insulin when added to SU monotherapy may be related to patient
selection for SU therapy, resulting in a cohort with minimal capac-
ity for additional beta-cell stimulation by a DPP-4 inhibitor. It is also
possible that a delay does exist, supported by the apparent sepa-
ration of the time to insulin curves at 2 years, but that the sample
size in this subgroup was too small to detect a difference between
treatment groups statistically. More rapid progression to insulin in
patients using SU was also shown in ADOPT (A Diabetes Outcome
Progression Trial)*® and may be an intrinsic property of SU therapy
due to chronic insulin stimulation.??

In clinical practice, intensification of diabetes regimens may con-
fer increased risk of hypoglycaemia. In TECOS, patients randomized
to sitagliptin achieved lower HbA1c values throughout follow-up
without experiencing an increased risk for severe hypoglycaemia.
The same was true regardless of baseline therapy, although it should
be noted that the TECOS protocol encouraged down-titration of
concomitant medications if severe hypoglycaemia developed, rather
than study drug discontinuation. This is in contrast to earlier studies
suggesting that rates of hypoglycaemia were higher when sitagliptin
was added to medications with intrinsic increased risk for hypogly-
caemia (eg, SU or insulin), but not when added to medications with-
out significant increased hypoglycaemia risk (eg, metformin).2%21

Interpretation of these findings is limited by several features of
TECOS. Medications available for intensification were limited both
by the protocol, which prohibited use of both GLP-1 receptor ag-
onists and open-label DPP-4 inhibitors, and by temporal factors.
The trial ran between December 2008 and March 2015, predat-
ing common clinical use of SGLT-2 inhibitors. The trial entry crite-
ria resulted in enrolment of patients with relatively well-controlled
diabetes (HbA1c 6.5%-8.0%), which may not be typical of patients
generally considered for intensification of their diabetes treatments.
Furthermore, although TECOS enrolled a secondary cardiovascular
prevention population, baseline cardiovascular risk factors were rel-

atively well controlled, which again may not be typical of the general

T2DM population in many areas. Finally, our observations are limited
by the median 3.1-year follow-up time for the study. This analysis
provides insights into the natural history of diabetes progression
for those with later stage, well-controlled disease. Even over a rela-
tively short 3-year follow-up, one-quarter of participants had their
diabetes regimen intensified. TECOS participants underwent a pat-
tern of diabetes medication intensification consistent with guide-
lines relevant during the period of the trial, given the restrictions
on medication choices imposed by the study protocol. Progression
to insulin was late according to the level of glucose control, again
consistent with similar cohorts, but use of sitagliptin did delay insulin
progression in most combination therapy regimens, and combination
therapies with insulin did not increase the risk of severe hypoglycae-
mia. These data underscore the importance of clinical vigilance in
diabetes care since progression of the disease continues even in the
absence of substantial perturbations of glycaemic control. Future
work to understand the predictors of progression in those with ad-
vanced, well-controlled diabetes could inform personalized diabetes

management efforts.
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