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BACKGROUND THEMIS (The Effect of Ticagrelor on Health Outcomes in Diabetes Mellitus Patients Intervention Study)

(n ¼ 19,220) and its pre-specified THEMIS-PCI (The Effect of Ticagrelor on Health Outcomes in Diabetes Mellitus Patients

Intervention Study-Percutaneous Coronary Intervention) (n ¼ 11,154) subanalysis showed, in individuals with type 2

diabetes mellitus (median duration 10.0 years; HbA1c 7.1%) and stable coronary artery disease without prior myocardial

infarction (MI) or stroke, that ticagrelor plus aspirin (compared with placebo plus aspirin) produced a favorable net

clinical benefit (composite of all-cause mortality, MI, stroke, fatal bleeding, and intracranial bleeding) if the patients had

a previous percutaneous coronary intervention.

OBJECTIVES In these post hoc analyses, the authors examined whether the primary efficacy outcome (cardiovascular

death, MI, stroke: 3-point major adverse cardiovascular events [MACE]), primary safety outcome (Thrombolysis In

Myocardial Infarction–defined major bleeding) and net clinical benefit varied with diabetes-related factors.

METHODS Outcomes were analyzed across baseline diabetes duration, HbA1c, and antihyperglycemic medications.

RESULTS In THEMIS, the incidence of 3-point MACE increased with diabetes duration (6.7% for#5 years, 11.1% for >20

years) and HbA1c (6.4% for #6.0%, 11.8% for >10.0%). The relative benefits of ticagrelor plus aspirin on 3-point MACE

reduction (hazard ratio [HR]: 0.90; p ¼ 0.04) were generally consistent across subgroups. Major bleeding event rate

(overall: 1.6%) did not vary by diabetes duration or HbA1c and was increased similarly by ticagrelor across all subgroups

(HR: 2.32; p < 0.001). These findings were mirrored in THEMIS-PCI. The efficacy and safety of ticagrelor plus aspirin did

not differ by baseline antihyperglycemic therapy. In THEMIS-PCI, but not THEMIS, ticagrelor generally produced

favorable net clinical benefit across diabetes duration, HbA1c, and antihyperglycemic medications.

CONCLUSION Ticagrelor plus aspirin yielded generally consistent and favorable net clinical benefit across the diabetes-

related factors in THEMIS-PCI but not in the overall THEMIS population. (J Am Coll Cardiol 2021;77:2366–77) © 2021 The

Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ABB R E V I A T I O N S

AND ACRONYMS

DAPT = dual antiplatelet

therapy

DPP-4 = dipeptidyl peptidase 4

GLP-1 = glucagon-like peptide 1

HbA1c = glycated hemoglobin

MACE = major adverse

cardiovascular events

MI = myocardial infarction

PCI = percutaneous coronary

intervention

SGLT2 = sodium-glucose

cotransporter-2
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I ndividuals with both type 2 diabetes mellitus
and coronary artery disease are at high risk for
cardiovascular events (1–5). Among those with

acute coronary syndrome (6) or a history of myocar-
dial infarction (MI) (7), the addition of the reversible
P2Y12 receptor antagonist ticagrelor to background
aspirin therapy can offer enhanced protection against
cardiovascular events in patients both with and
without diabetes. Before the reporting of THEMIS
(The Effect of Ticagrelor on Health Outcomes in Dia-
betes Mellitus Patients Intervention Study) (8), it
was unknown if expanding antiplatelet therapy
beyond aspirin would yield additional benefits in in-
dividuals who have type 2 diabetes mellitus and
SEE PAGE 2378
THEMIS = The Effect of

Ticagrelor on Health Outcomes

in Diabetes Mellitus Patients

Intervention Study

THEMIS-PCI = THEMIS-

Percutaneous Coronary

Intervention

TIMI = Thrombolysis In

rdial Infarction
coronary artery disease but without a prior cardiovas-
cular event. In brief, THEMIS (n ¼ 19,220) and the
pre-specified THEMIS-PCI (Effect of Ticagrelor on
Health Outcomes in Diabetes Mellitus Patients Inter-
vention Study-Percutaneous Coronary Intervention)
(n ¼ 11,154) subgroup analysis (9) suggested that
dual antiplatelet therapy (DAPT) with ticagrelor and
low-dose aspirin may specifically benefit individuals
with type 2 diabetes mellitus and stable atheroscle-
rosis but without a history of MI or stroke and who
had previously undergone a PCI. The U.S. Food and
Drug Administration has since, based on THEMIS,
additionally approved ticagrelor to reduce the risk
of a first MI or stroke in patients with coronary artery
disease who are at high risk for such events regardless
of whether they have diabetes or not (10), and Health
Canada, based on THEMIS-PCI, has expanded
approval of ticagrelor more specifically in patients
with coronary artery disease, type 2 diabetes, and a
history of PCI (11).
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The ADVANCE (Action in Diabetes and
Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation)
investigators showed that duration of dia-
betes could influence cardiovascular re-
sponses to antihyperglycemic agents
(12,13). More recently, an analysis from the
DECLARE-TIMI 58 (Dapagliflozin Effect on
Cardiovascular Events—Thrombolysis In
Myocardial Infarction 58) study (14)
demonstrated that in a contemporaneous
type 2 diabetes mellitus population with
well controlled risk factors, diabetes dura-
tion was again associated with increasing
risk of atherosclerotic cardiovascular dis-
ease. Of note, meta-analyses of major trials
investigating the potential benefit of
glucose control on cardiovascular outcomes
have revealed that although intensive
glucose control had no overall benefit on
major cardiovascular events, there was a
modest reduction in MI (15,16). These col-

lective findings led us to consider if diabetes dura-
tion and baseline HbA1c levels may have, in some
way, driven the outcomes observed with the tica-
grelor plus aspirin strategy adopted in THEMIS and
its THEMIS-PCI subpopulation. Furthermore, the
robust clinical trial evidence demonstrating that
sodium-glucose cotransporter 2 (SGLT2) inhibitors
and many glucagon-like peptide 1 (GLP-1) receptor
agonists can offer clinically significant cardiovascu-
lar benefits (17–19) also led us to investigate
whether any of the currently available pharmaco-
therapies for type 2 diabetes mellitus could have
influenced the clinical outcomes evoked by the
combination of ticagrelor and aspirin.
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METHODS

The design, baseline characteristics, and main
results of THEMIS and THEMIS-PCI have been re-
ported (8,9,20). Briefly, enrollment for the phase 3b,
double-blinded, placebo-controlled THEMIS trial took
place at 1,315 sites in 42 countries from February 10,
2014, to May 24, 2016 (8). All of the trial centers ob-
tained ethical approval according to local regulations.
A total of 19,220 individuals (31.4% women) with
angiographically proven coronary artery disease and
type 2 diabetes mellitus (median duration at trial
entry: 10.0 years: median baseline HbA1c: 7.1%
[54 mmol/mol]), but no history of MI or stroke, were
randomized 1:1 to either ticagrelor or placebo in
addition to low-dose aspirin (75 to 150 mg) and other
evidence-based therapies for a median follow-up of
39.9 months (8). At study initiation, participants
allocated to the ticagrelor arm took 90 mg ticagrelor
twice daily (orally). Approximately a year later,
because the combination of 60 mg ticagrelor twice
daily with low-dose aspirin was demonstrated in
another trial of participants with stable atheroscle-
rosis to have a better tolerability and similar efficacy
profile than that of 90 mg ticagrelor twice daily plus
low-dose aspirin (7), the ticagrelor study dose was
amended to 60 mg twice daily for all participants.

The primary efficacy outcome was the time to first
occurrence of a 3-point major adverse cardiovascular
events (MACE) composite of cardiovascular death,
MI, or stroke. The primary safety outcome was major
bleeding per the TIMI definition. Net clinical benefit
was a pre-specified exploratory endpoint consisting
of irreversible harm events and was evaluated as time
to first event of the composite of all-cause mortality,
MI, stroke, fatal bleeding, or intracranial bleeding
(8,20).

STATISTICAL ANALYSES. In these nonpre-specified
and post hoc analyses, the THEMIS population and
THEMIS-PCI subpopulation were examined according
to the following baseline characteristics: duration of
diabetes, HbA1c level and use of metformin, sulfo-
nylurea, and insulin or any of the newer anti-
hyperglycemic classes, namely, dipeptidyl peptidase-
4 (DPP-4) inhibitors, SGLT2 inhibitors, and GLP-1 re-
ceptor agonists.

The efficacy analyses were conducted according to
the intention-to-treat principle: All participants who
underwent randomization were included; all events
that occurred before or at the primary analysis
censoring date (October 29, 2018) were entered into
the analyses. The safety analyses were performed in
the safety analysis population, which included all
participants who had been randomized and who had
taken at least 1 dose of the assigned study drug; all
events that occurred between randomization and
through 7 days after the last dose was administered
were included in the analyses. Participants random-
ized at sites closed by the sponsor before unblinding
were excluded from all efficacy and safety analyses
(20).

For time-to-event analyses, Cox proportional haz-
ards models were used, with the treatment group as
the explanatory variable and the Efron method for
ties; confidence intervals (CIs) and p values were
calculated with the use of Wald statistics. Given that
the CIs for net clinical benefit were not adjusted for
multiple comparisons, the inferences drawn from
these intervals may not be reproducible. Follow-up
data for participants without events were censored
either on the censoring date for the primary analysis
or on the date of the last clinical assessment, which-
ever came first. The results of Kaplan-Meier analyses
are presented at 36 months. The p values for inter-
action between treatment groups and subgroups were
calculated from the Cox proportional hazards model
with treatment group, subgroup, and interaction term
as explanatory variables. All analyses were conducted
with SAS software version 9.4 (SAS Institute, Cary,
North Carolina).

ROLE OF THE FUNDER. THEMIS (NCT01991795) was
designed and governed by an academic Executive
Committee that included nonvoting members who
represented the sponsor, AstraZeneca. AstraZeneca
funded the trial and was involved in the data
collection and analysis. The data presented
herein were independently analyzed by the Baim
Clinical Research Institute, an academic
research organization.

RESULTS

As previously reported, the baseline characteristics
of the participants in the ticagrelor plus aspirin and
placebo plus aspirin arms of the full THEMIS cohort
and THEMIS-PCI subcohort were balanced (8,9). The
baseline characteristics of the full THEMIS popula-
tion stratified by duration of diabetes and baseline
HbA1c are summarized in Supplemental Tables 1 and
2. In contrast, there were clinically significant dif-
ferences between those who had undergone a PCI
procedure before study entry and those who had
not (9).

The primary efficacy outcome (3-point MACE) was
recorded for 8.1% of the overall THEMIS cohort and
7.3% of the THEMIS-PCI subcohort. In THEMIS, the
event rates of the 3-point MACE were generally higher

https://clinicaltrials.gov/ct2/show/NCT01991795
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TABLE 1 Primary Efficacy Outcome in the Overall THEMIS Cohort By Baseline Diabetes-Related Factors and Selected Baseline Antihyperglycemic Therapy

Ticagrelor Placebo

Hazard Ratio
(95% CI) p Value pinteraction

Risk Difference
% (95% CI) p ValueN

Patients With
Events N

Patients With
Events pinteraction

Overall 9,619 736 (7.7) 9,601 818 (8.5) 0.90 (0.81–0.99) 0.0378 �0.9 (�1.6 to �0.1) 0.0281

Duration of type 2 diabetes
mellitus at baseline, yrs

0.8255 0.8169

#5 2,462 157 (6.4) 2,426 169 (7.0) 0.91 (0.74–1.14) 0.4189 �0.6 (�2.0 to 0.8) 0.4225

>5 to 10 2,353 146 (6.2) 2,461 182 (7.4) 0.84 (0.68–1.05) 0.1208 �1.2 (�2.6 to 0.2) 0.1091

>10 to 15 1,944 170 (8.7) 1,949 173 (8.9) 0.99 (0.80–1.23) 0.9477 �0.1 (�1.9 to 1.6) 0.9100

>15 to 20 1,293 100 (7.7) 1,250 116 (9.3) 0.84 (0.64–1.10) 0.2067 �1.5 (�3.7 to 0.6) 0.1765

>20 1,561 163 (10.4) 1,511 177 (11.7) 0.88 (0.71–1.09) 0.2371 �1.3 (�3.5 to 0.9) 0.2746

Baseline HbA1c, % 0.1567 0.1542

#6 1,263 86 (6.8) 1,285 76 (5.9) 1.16 (0.85–1.57) 0.3549 0.9 (�1.0 to 2.8) 0.3724

>6 to 7 3,301 209 (6.3) 3,259 241 (7.4) 0.86 (0.71–1.04) 0.1119 �1.1 (�2.3 to 0.2) 0.0967

>7 to 8 2,334 184 (7.9) 2,449 215 (8.8) 0.90 (0.74–1.10) 0.3177 �0.9 (�2.5 to 0.7) 0.2722

>8 to 9 1,227 108 (8.8) 1,163 122 (10.5) 0.84 (0.65–1.09) 0.1891 �1.7 (�4.1 to 0.7) 0.1658

>9 to 10 633 51 (8.1) 615 75 (12.2) 0.64 (0.45–0.92) 0.0144 �4.1 (�7.5 to �0.8) 0.0185

>10 625 77 (12.3) 596 67 (11.2) 1.10 (0.79–1.52) 0.5748 1.1 (�2.5 to 4.7) 0.5948

Use of key antihyperglycemic
agents

Metformin 0.0695 0.0854

Yes 7,304 494 (6.8) 7,310 583 (8.0) 0.85 (0.75–0.95) 0.0065 �1.2 (�2.1 to �0.4) 0.0053

No 2,315 242 (10.5) 2,291 235 (10.3) 1.03 (0.86–1.24) 0.7194 0.2 (�1.6 to 2.0) 0.8467

Sulfonylurea 0.2290 0.2499

Yes 3,350 267 (8.0) 3,416 281 (8.2) 0.98 (0.83–1.16) 0.7943 �0.3 (�1.6 to 1.0) 0.7215

No 6,269 469 (7.5) 6,185 537 (8.7) 0.86 (0.76–0.97) 0.0174 �1.2 (�2.2 to �0.2) 0.0149

Dipeptidyl peptidase
4 inhibitor

0.6870 0.6646

Yes 1,819 124 (6.8) 1,795 130 (7.2) 0.94 (0.74–1.20) 0.6327 �0.4 (�2.1 to 1.2) 0.6489

No 7,800 612 (7.8) 7,806 688 (8.8) 0.89 (0.80–0.99) 0.0399 �1.0 (�1.8 to �0.1) 0.0298

Sodium-glucose
cotransporter 2 inhibitor

0.7795 0.8611

Yes 189 9 (4.8) 174 10 (5.7) 0.78 (0.31–1.92) 0.5821 �1.0 (�5.6 to 3.6) 0.8144

No 9,430 727 (7.7) 9,427 808 (8.6) 0.90 (0.82–1.00) 0.0435 �0.9 (�1.6 to �0.1) 0.0310

Glucagon-like peptide 1
receptor agonist

0.9090 0.8206

Yes 203 15 (7.4) 210 16 (7.6) 0.92 (0.46–1.87) 0.8256 �0.2 (�5.3 to 4.9) 1.0000

No 9,416 721 (7.7) 9,391 802 (8.5) 0.90 (0.81–0.99) 0.0383 �0.9 (�1.7 to �0.1) 0.0265

Insulin 0.4562 0.4573

Yes 2,798 286 (10.2) 2,710 323 (11.9) 0.85 (0.73–1.00) 0.0515 �1.7 (�3.4 to �0.0) 0.0480

No 6,821 450 (6.6) 6,891 495 (7.2) 0.92 (0.81–1.05) 0.2145 �0.6 (�1.4 to, 0.3) 0.1776

Values are n or n (%), unless otherwise indicated.
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with increasing duration of diabetes (6.7% for #5
years and 11.1% for >20 years; p ¼ 0.0001) and base-
line HbA1c levels (6.4% for #6.0% [42 mmol/mol] and
11.8% for >10.0% [86 mmol/mol]; p ¼ 0.0001). Similar
observations were observed for THEMIS-PCI. The
relative benefits of DAPT with ticagrelor plus low-
dose aspirin on 3-point MACE in THEMIS (HR: 0.90;
95% CI: 0.81 to 0.99; p ¼ 0.04) and THEMIS-PCI (HR:
0.85; 95% CI: 0.74 to 0.97; p ¼ 0.013) did not differ
across the duration of diabetes and HbA1c subgroups
examined (Table 1 and Supplemental Table 3,
respectively).
The primary safety outcome (TIMI-defined major
bleeding) occurred in 1.6% of the overall THEMIS
population (HR: 2.32; 95% CI: 1.82 to 2.94; for tica-
grelor vs. placebo; p < 0.001) (Supplemental Figure 1)
and 2.0% of the THEMIS-PCI subcohort (HR: 2.03;
95% CI: 1.48 to 2.76; for ticagrelor vs. placebo;
p < 0.0001). Although the frequencies of major
bleeding did not vary by diabetes duration or
baseline HbA1c levels, they were consistently higher
with ticagrelor plus aspirin across all the strata of
diabetes duration and HbA1c evaluated (Table 2,
Supplemental Table 4).

https://doi.org/10.1016/j.jacc.2021.03.298
https://doi.org/10.1016/j.jacc.2021.03.298
https://doi.org/10.1016/j.jacc.2021.03.298


TABLE 2 Primary Safety Outcome in the Overall THEMIS Cohort By Baseline Diabetes-Related Factors and Selected Baseline

Antihyperglycemic Therapy

Ticagrelor Placebo

Hazard Ratio
(95% CI) p Value pinteractionN

Patients With
Events N

Patients With
Events

Overall 9,562 206 (2.2) 9,531 100 (1.0) 2.32 (1.82–2.94) <0.001

Duration of type 2 diabetes
mellitus at baseline, yrs

0.8275

#5 2,445 47 (1.9) 2,406 25 (1.0) 2.04 (1.26–3.32) 0.0039

>5 to 10 2,343 49 (2.1) 2,444 21 (0.9) 2.75 (1.65–4.59) 0.0001

>10 to 15 1,931 43 (2.2) 1,933 18 (0.9) 2.72 (1.57–4.72) 0.0004

>15 to 20 1,287 32 (2.5) 1,244 19 (1.5) 1.88 (1.07–3.32) 0.0291

>20 1,550 35 (2.3) 1,501 16 (1.1) 2.39 (1.32–4.32) 0.0039

Baseline HbA1c, % 0.2227

#6 1,260 27 (2.1) 1,281 12 (0.9) 2.55 (1.29–5.04) 0.0069

>6 to 7 3,276 81 (2.5) 3,237 36 (1.1) 2.56 (1.73–3.78) <0.0001

>7 to 8 2,324 41 (1.8) 2,437 23 (0.9) 2.13 (1.28–3.55) 0.0037

>8 to 9 1,221 25 (2.0) 1,152 17 (1.5) 1.56 (0.84–2.89) 0.1561

>9 to 10 629 20 (3.2) 613 3 (0.5) 6.91 (2.05–23.26) 0.0018

>10 624 8 (1.3) 593 7 (1.2) 1.15 (0.42–3.16) 0.7920

Metformin use at baseline 0.6126

Yes 7,258 156 (2.1) 7,257 73 (1.0) 2.40 (1.82–3.17) <0.0001

No 2,304 50 (2.2) 2,274 27 (1.2) 2.08 (1.30–3.33) 0.0021

Sulfonylurea use at baseline 0.4937

Yes 3,333 81 (2.4) 3,394 36 (1.1) 2.59 (1.75–3.83) <0.0001

No 6,229 125 (2.0) 6,137 64 (1.0) 2.17 (1.60–2.93) <0.0001

Dipeptidyl peptidase 4 inhibitor
use at baseline

0.6293

Yes 1,811 46 (2.5) 1,784 20 (1.1) 2.61 (1.55–4.42) 0.0003

No 7,751 160 (2.1) 7,747 80 (1.0) 2.24 (1.72–2.93) <0.0001

Sodium-glucose cotransporter
2 inhibitor use at baseline

0.8877

Yes 189 4 (2.1) 172 2 (1.2) 2.08 (0.38–11.36) 0.3985

No 9,373 202 (2.2) 9,359 98 (1.0) 2.32 (1.82–2.95) <0.0001

Glucagon-like peptide 1
receptor agonist use at baseline

0.2811

Yes 202 6 (3.0) 209 1 (0.5) 7.25 (0.87–60.23) 0.0667

No 9,360 200 (2.1) 9,322 99 (1.1) 2.27 (1.78–2.89) <0.0001

Insulin use at baseline 0.5452

Yes 2,779 56 (2.0) 2,685 23 (0.9) 2.65 (1.63–4.31) <0.0001

No 6,783 150 (2.2) 6,846 77 (1.1) 2.22 (1.69–2.92) <0.0001

Values are n or n (%), unless otherwise indicated.
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Regardless of study drug assignment in THEMIS,
insulin-using participants were at a relatively higher
risk for 3-point MACE (HR: 1.65; 95% CI: 1.49 to 1.83;
p < 0.0001) but had similar bleeding risks as those
who were not on insulin (HR: 0.92; 95% CI: 0.71 to
1.19; p ¼ 0.52) (Tables 1 and 2). In contrast, there was
no difference in risk for 3-point MACE (HR: 1.00;
95% CI: 0.91 to 1.11; p ¼ 0.93) or TIMI major bleeding
(HR: 1.12; 95% CI: 0.89 to 1.41; p ¼ 0.34) between
those who were treated with a sulfonylurea and those
who were not. There also did not appear to be any
clinically relevant differences in risk for 3-point
MACE or bleeding risk when the participants were
classified in a similar fashion according to whether
they were treated or not treated with metformin, a
DPP-4 inhibitor, SGLT2 inhibitor, or GLP-1 receptor
agonist. We found similar results to those described
above when the THEMIS-PCI subpopulation was
stratified according to baseline antihyperglycemic
regimens.

Using the irreversible harm pre-specified defini-
tion of net clinical benefit (composite of all-cause
mortality, MI, stroke, fatal bleeding, or intracranial
bleeding in the intention-to-treat population), net
clinical benefit with ticagrelor add-on in the
THEMIS cohort and THEMIS-PCI subcohort was
similar across diabetes duration and HbA1c (Tables 3
and 4). Notably, ticagrelor was generally associated



TABLE 3 Net Clinical Benefit in the THEMIS Cohort By Baseline Diabetes-Related Factors and Selected Baseline Antihyperglycemic Therapy

Ticagrelor Placebo

Hazard Ratio
(95% CI) p Value pinteraction

Risk Difference
% (95% CI) p Value pinteractionN

Patients With
Events N

Patients With
Events

Overall 9,619 968 (10.1) 9,601 1,039 (10.8) 0.93 (0.86–1.02) 0.1249 �0.8 (�1.6 to –0.1) 0.0894

Duration of type 2 diabetes
mellitus at baseline, yrs

0.5082 0.5109

#5 2,462 198 (8.0) 2,426 213 (8.8) 0.92 (0.75–1.11) 0.3746 -0.7 (�2.3 to 0.8) 0.3541

>5 to 10 2,353 187 (7.9) 2,461 234 (9.5) 0.84 (0.69–1.02) 0.0738 �1.6 (�3.2 to 0.0) 0.0590

>10 to 15 1,944 222 (11.4) 1,949 211 (10.8) 1.07 (0.88–1.29) 0.5109 0.6 (�1.4 to 2.6) 0.5751

>15 to 20 1,293 147 (11.4) 1,250 152 (12.2) 0.95 (0.76–1.19) 0.6684 �0.8 (�3.3 to 1.7) 0.5388

>20 1,561 214 (13.7) 1,511 228 (15.1) 0.90 (0.75–1.08) 0.2596 �1.4 (�3.9 to 1.1) 0.2807

Baseline HbA1c, % 0.3597 0.3572

#6 1,263 117 (9.3) 1,285 107 (8.3) 1.12 (0.86–1.45) 0.4038 0.9 (�1.3 to 3.1) 0.4416

>6 to 7 3,301 273 (8.3) 3,259 306 (9.4) 0.89 (0.75–1.05) 0.1533 �1.1 (�2.5 to 0.3) 0.1171

>7 to 8 2,334 249 (10.7) 2,449 276 (11.3) 0.96 (0.81–1.13) 0.6077 -0.6 (�2.4 to 1.2) 0.5173

>8 to 9 1,227 142 (11.6) 1,163 145 (12.5) 0.93 (0.74–1.17) 0.5446 �0.9 (�3.5 to 1.7) 0.5292

>9 to 10 633 73 (11.5) 615 96 (15.6) 0.72 (0.53–0.97) 0.0333 �4.1 (�7.9 to �0.3) 0.0386

>10 625 88 (14.1) 596 82 (13.8) 1.02 (0.76–1.38) 0.8733 0.3 (�3.6 to 4.2) 0.9341

Metformin use at baseline 0.0688 0.0843

Yes 7,304 664 (9.1) 7,310 750 (10.3) 0.89 (0.80–0.98) 0.0234 �1.2 (�2.1 to �0.2) 0.0174

No 2,315 304 (13.1 2,291 289 (12.6) 1.06 (0.90–1.24) 0.4878 0.5 (�1.4 to 2.5) 0.6285

Sulfonylurea use at baseline 0.1735 0.1871

Yes 3,350 353 (10.5) 3,416 359 (10.5) 1.01 (0.88–1.17) 0.8516 0.0 (�1.4 to 1.5) 1.0000

No 6,269 615 (9.8) 6,185 680 (11.0) 0.89 (0.80–1.00) 0.0417 �1.2 (�2.3 to �0.1) 0.0321

Dipeptidyl peptidase 4 inhibitor
use at baseline

0.8726 0.8426

Yes 1,819 166 (9.1) 1,795 173 (9.6) 0.95 (0.77–1.17) 0.6226 �0.5 (�2.4 to 1.4) 0.6080

No 7,800 802 (10.3) 7,806 866 (11.1) 0.93 (0.85–1.02) 0.1448 �0.8 (�1.8 to 0.2) 0.1027

Sodium-glucose cotransporter 2
inhibitor use at baseline

0.9862

Yes 189 11 (5.8) 174 11 (6.3) 0.83 (0.36–1.92) 0.6642 �0.5 (�5.4 to 4.4) 1.0000

No 9,430 957 (10.1) 9,427 1,028 (10.9) 0.94 (0.86–1.02) 0.1363 �0.8 (�1.6 to 0.1) 0.0921

Glucagon-like peptide 1 receptor
agonist use at baseline

0.8186 0.9218

Yes 203 21 (10.3) 210 24 (11.4) 0.85 (0.47–1.53) 0.5964 �1.1 (�7.1 to 4.9) 0.7542

No 9,416 947 (10.1 9,391 1,015 (10.8) 0.94 (0.86–1.02) 0.1379 �0.8 (�1.6 to 0.1) 0.0949

Insulin use at baseline 0.5819 0.5878

Yes 2,798 366 (13.1) 2,710 393 (14.5) 0.90 (0.78–1.04) 0.1492 �1.4 (�3.2 to 0.4) 0.1275

No 6,821 602 (8.8) 6,891 646 (9.4) 0.95 (0.85–1.06) 0.3380 �0.5 (�1.5 to 0.4) 0.2720

Values are n or n (%), unless otherwise indicated. Net clinical benefit was pre-specified as irreversible harms and evaluated as time to first event of the composite of all-cause mortality, myocardial infarction,
stroke, fatal bleeding, or intracranial bleeding in the intention-to-treat population.
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with greater net clinical benefit across the
diabetes duration and HbA1c spectra in the
THEMIS-PCI subcohort but not in the overall THE-
MIS cohort.

DISCUSSION

The present analyses from the THEMIS cohort (8,20)
revealed that although diabetes duration and HbA1c

levels correlated positively with the incidence of
MACE (Central Illustration), they did not influence
major bleeding event rates. The favorable impact of
ticagrelor plus aspirin had on MACE was consistent
across the duration and HbA1c subgroups examined
albeit with an increase in major bleeding events and
baseline antihyperglycemic therapy had no influence
on the efficacy and safety of ticagrelor. Importantly,
in the THEMIS-PCI but not the overall THEMIS pop-
ulation, the combination of ticagrelor plus aspirin
resulted in generally consistent and favorable net
clinical benefit across the various diabetes-related
factors examined.

Current clinical guidelines consistently recom-
mend aspirin as a secondary prevention strategy for
cardiovascular events in type 2 diabetes mellitus
(21–24). Contrary to the assumption that DAPT would
provide protection beyond that offered by aspirin,
results from DAPT studies with type 2 diabetes



TABLE 4 Net Clinical Benefit in the THEMIS-PCI Cohort By Baseline Diabetes-Related Factors and Selected Baseline Antihyperglycemic Therapy

Ticagrelor Placebo

Hazard Ratio
(95% CI) p Value pinteraction

Risk Difference
% (95% CI) p Value pinteractionN

Patients With
Events N

Patients With
Events

Overall 5,588 519 (9.3) 5,596 617 (11.0) 0.85 (0.75–0.95) 0.0052 0.012 �1.7 (�2.8 to �0.6) 0.003

Duration of type 2 diabetes
mellitus at baseline, yrs

0.3450 0.3192

#5 1,374 107 (7.8) 1,392 125 (9.0) 0.86 (0.67–1.12) 0.2581 �1.2 (�3.3 to 0.9) 0.2727

>5 to 10 1,383 101 (7.3) 1,446 152 (10.5) 0.70 (0.54–0.89) 0.0047 �3.2 (�5.3 to �1.1) 0.0030

>10 to 15 1,157 125 (10.8) 1,139 122 (10.7) 1.02 (0.79–1.30) 0.9035 0.1 (�2.4 to 2.6) 0.9464

>15 to 20 760 77 (10.1) 722 86 (11.9) 0.86 (0.63–1.17) 0.3371 �1.8 (�5.0 to 1.4) 0.2813

>20 881 109 (12.4) 894 132 (14.8) 082 (0.64–1.06) 0.1275 �2.4 (�5.6 to 0.8) 0.1461

Baseline HbA1c, % 0.3467 0.3262

#6 702 62 (8.8) 744 72 (9.7) 0.90 (0.64–1.26) 0.5387 �0.8 (�3.8 to 2.1) 0.5876

>6 to 7 1,940 132 (6.8) 1,929 184 (9.5) 0.71 (0.57–0.89) 0.0031 �2.7 (�4.5 to �1.0) 0.0022

>7 to 8 1,380 149 (10.8) 1,419 166 (11.7) 0.94 (0.76–1.18) 0.5989 �0.9 (�3.2 to 1.4) 0.4731

>8 to 9 687 75 (10.9) 675 80 (11.9) 0.91 (0.67–1.25) 0.5758 �0.9 (�4.3 to 2.4) 0.6093

>9 to 10 363 41 (11.3) 360 55 (15.3) 0.72 (0.48–1.08) 0.1137 �4.0 (�8.9 to 1.0) 0.1254

>10 348 49 (14.1) 330 42 (12.7) 1.10 (0.73–1.67) 0.6391 1.4 (�3.8 to 6.5) 0.6527

Metformin use at baseline 0.1835 0.1955

Yes 4,253 364 (8.6) 4,311 457 (10.6) 0.80 (0.70–0.92) 0.0020 2.0 (�3.3 to �0.8) 0.0014

No 1,305 155 (11.9) 1,285 160 (12.5) 0.96 (0.77–1.20) 0.7174 �0.6 (�3.1 to 1.9) 0.6741

Sulfonylurea use at baseline 0.5999 0.5823

Yes 1,937 190 (9.8) 1,981 220 (11.1) 0.88 (0.73–1.07) 0.2110 �1.3 (�3.2 to 0.6) 0.1921

No 3,621 329 (9.1) 3,615 397 (11.0) 0.83 (0.72–0.96) 0.0111 �1.9 (�3.3 to �0.5) 0.0078

Dipeptidyl peptidase 4 inhibitor
use at baseline

0.4293 0.4444

Yes 1,204 96 (8.0) 1,164 120 (10.3) 0.77 (0.59–1.00) 0.0533 �2.3 (�4.7 to �0.0) 0.0538

No 4,354 423 (9.7) 4,432 497 (11.2) 0.87 (0.76–0.99) 0.0313 �1.5 (�2.8 to �0.2) 0.0235

Sodium-glucose cotransporter
2 inhibitor use at baseline

0.7177 0.7814

Yes 117 6 (5.1) 99 7 (7.1) 0.63 (0.21–1.89) 0.4078 �1.9 (�8.4 to 4.5) 0.5785

No 5,441 513 (9.4) 5,497 610 (11.1) 0.85 (0.76–0.96) 0.0066 �1.7 (�2.8 to �0.5) 0.0041

Glucagon-like peptide 1
receptor agonist use at baseline

0.6596 0.6069

Yes 130 15 (11.5) 123 14 (11.4) 0.97 (0.47–2.02) 0.9435 0.2 (�7.7 to 8.0) 1.0000

No 5,428 504 (9.3) 5,473 603 (11.0) 0.84 (0.75–0.95) 0.0046 �1.7 (�2.9 to �0.6) 0.0029

Insulin use at baseline 0.4354 0.4846

Yes 1,541 204 (13.2) 1,495 222 (14.8) 0.89 (0.74–1.08) 0.2476 �1.6 (�4.1 to 0.9) 0.2099

No 4,017 315 (7.8) 4,101 395 (9.6) 0.81 (0.70–0.94) 0.0059 �1.8 (�3.0 to �0.6) 0.0046

Values are n or n (%), unless otherwise indicated. Net clinical benefit was pre-specified as irreversible harms and evaluated as time to first event of the composite of all-cause mortality, myocardial infarction,
stroke, fatal bleeding, or intracranial bleeding in the intention-to-treat population.
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mellitus cohorts that had well controlled traditional
risk factors have been somewhat disappointing
(7,25–28). Although clopidogrel is the most widely
prescribed antithrombotic adjunct to aspirin, tica-
grelor affords faster and more favorable antiplatelet
outcomes (29,30). Furthermore, head-to-head com-
parisons have revealed that ticagrelor has superior
benefits to clopidogrel in acute coronary syndrome
(6,26). The benefits of ticagrelor over clopidogrel in
individuals with type 2 diabetes mellitus may be
attributed in part to impaired clopidogrel metabolism
resulting in less exposure to the active clopidogrel
metabolite (31) and the twice daily regimen of
ticagrelor that may be favorable in diabetes mellitus
where platelet turnover rates are high (32). Of note,
Capodanno et al. (33) found that 81 mg aspirin taken
twice daily was more effective than 81 mg aspirin
once daily at reducing platelet reactivity.

Unlike earlier outcome trials which evaluated sec-
ondary prevention with DAPT, THEMIS enrolled in-
dividuals who did not have a history of MI or stroke,
resulting in a population that had a lower cardiovas-
cular risk profile even though type 2 diabetes mellitus
was a mandatory entry criterion. In addition and
similarly to many of the earlier DAPT studies, the
THEMIS participants were exceptionally well
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managed and in accord with guideline recommenda-
tions; specifically, 90% were on a statin, 79% were
taking either an angiotensin-converting enzyme in-
hibitor or angiotensin receptor blocker, and 74% were
using a b-blocker (8). Accordingly, the observations
described herein further emphasize that individuals
with type 2 diabetes mellitus and stable coronary ar-
tery disease without a history of MI or stroke, but who
have undergone a PCI, and who are pharmacologi-
cally well managed can benefit significantly from the
addition of ticagrelor on an aspirin background.

Like several studies that have previously investi-
gated DAPT strategies with aspirin (34–37), THEMIS
reported that decreases in the risk of the primary effi-
cacy outcome occurred simultaneously with increases
in bleeding events (8). This has, unsurprisingly, driven
much discussion on the risk-benefit balance of
applying DAPT approaches. That said, examination of
data from the THEMIS-PCI subcohort showed that the
rise in bleeding events was accompanied by a net
clinical benefit among those who had previously un-
dergone coronary revascularization relative to those
without (9). In reviewing the present work, an impor-
tant take-home message would be that the risk of a
THEMIS-PCI participant experiencing a bleeding event
with ticagrelor plus aspirin was not influenced by
where they were positioned on the diabetes contin-
uum. This is especially relevant given the burgeoning
population with diabetes and the growing proportion
of these individuals who are anticipated to require a
PCI during their lifetime.

Previous studies have suggested that diabetes-
related factors, such as diabetes duration, HbA1c

levels, and background antihyperglycemic therapies,
can influence cardiovascular risk and outcomes in
populations with type 2 diabetes mellitus (14–17).
Accordingly, the goal of the present nonpre-
specified analyses was to examine whether the ef-
ficacy, safety, and net clinical benefit observed with
the combination of ticagrelor and low-dose aspirin
in the THEMIS cohort and THEMIS-PCI subcohort
varied across diabetes-related factors including
duration of diabetes, baseline HbA1c, and baseline
antihyperglycemic medications.

These analyses extend the findings of the overall
THEMIS cohort (8) and smaller THEMIS-PCI subpop-
ulation (9). The collective data remind us that type 2
diabetes mellitus is a progressive condition and that
those who live with this disorder have a continuum of
risk. The results indicate that the combination of
ticagrelor and low-dose aspirin merits consideration
alongside other guideline-recommended vascular
protective strategies in individuals with type 2 dia-
betes mellitus who have stable coronary artery dis-
ease, a prior PCI, and proven tolerance for DAPT with
low bleeding risk. Importantly, these benefits are
apparent regardless of diabetes-related factors (dia-
betes duration and HbA1c) or the baseline anti-
hyperglycemic regimen.

The notion of expanding secondary prevention
strategies beyond aspirin monotherapy, in cases of
diabetes with stable atherosclerosis and acceptable
bleeding risk, is not new and is supported by a
recent pre-specified analysis from the COMPASS
(Cardiovascular Outcomes for People Using Anti-
coagulation Strategies) trial (38). Specifically, COM-
PASS demonstrated that when DAPT was not
indicated, dual pathway inhibition with 2.5 mg
rivaroxaban twice daily plus aspirin, compared with
placebo plus aspirin, offered greater risk reduction
of ischemic harm and all-cause mortality, as well as
greater net clinical benefit in those with diabetes
compared with those without diabetes. Of note, a
pre-specified analysis from the TWILIGHT (Tica-
grelor With Aspirin or Alone in High-Risk Patients
After Coronary Intervention) trial revealed that
ticagrelor monotherapy for 1 year following
3 months of DAPT with ticagrelor plus aspirin after
PCI in participants with diabetes lowered the risk of
clinically relevant bleeding in the absence of any
increases of ischemic events (39). Whether the
THEMIS-PCI participants would have experienced
similar benefits by switching to a ticagrelor strategy
that did not include aspirin is unknown and
intriguing.
STUDY LIMITATIONS. It is important to recognize
that the results reported herein have some limi-
tations. First, the analyses were based on baseline
HbA1c readings and the baseline antihyperglycemic
regimens. In view of the median follow-up dura-
tion of 39.9 months, it is likely that there were at
least some temporal fluctuations in HbA1c levels as
well as modifications in glucose-lowering strate-
gies, especially given evolving guideline recom-
mendations during the study period. Second, rates
of use of novel classes of antihyperglycemic agents
were low and resulted in limited ability to ascer-
tain potential treatment interactions. Third,
net clinical benefit, which was a pre-specified
exploratory endpoint in THEMIS and THEMIS-PCI,
had a relatively restrictive definition of time
to first event of the composite of all-cause mor-
tality, MI, stroke, fatal bleeding, or intracra-
nial bleeding.
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CONCLUSIONS

Despite proactive management of traditional cardio-
vascular risk factors, ischemic events remain an
ongoing concern among individuals with type 2 dia-
betes mellitus and established coronary artery dis-
ease who do not have a history of MI or stroke. The
present results indicate that together, ticagrelor plus
aspirin reduced the incidence of MACE regardless
of baseline duration of diabetes and baseline HbA1c

but at the expense of major bleeding events.
Notably, the combination of ticagrelor plus aspirin
resulted in generally consistent and favorable net
clinical benefit across the various diabetes-related
factors in THEMIS-PCI, but not in the overall THE-
MIS population.
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