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Abstract

Background Subjects with type 2 diabetes (T2D) have a higher risk of in-stent restenosis and stent thrombo-

sis. The activation of the glucagon-like peptide-1 receptor (GLP-1R) has been suggested to induce several effects

on the vasculature that may reduce the risk of stent failure following an angioplasty. The aim of this study is to evalu-
ate the effect of the GLP-1R agonist exenatide on endothelialization of a modern drug-eluting stent (DES) in subjects
with T2D.

Methods 38 subjects with T2D who were eligible for revascularization with implantation of DES were randomized

to treatment with exenatide (once weekly) plus standard treatment, or to standard treatment alone. After 12 weeks,
a new coronary angiography was performed to evaluate the percentage of strut coverage (primary endpoint)

and the presence of neo-atherosclerosis by optical coherence tomography. This study was approved by the Stock-

holm'’s Ethical Review Board.

Results The two groups were well balanced regarding baseline clinical characteristics. Strut coverage was 95%
(88.7-98.5%) in the exenatide group and 91.4% (88.8-98.5%) in the control group (p=0.692). There were no significant
differences between groups neither in the thickness of neo-intima (0.2 mm in both groups, p=0.471), nor the maxi-
mal in-stent obstruction by neo-intima (15.5% in exenatide group vs 14.7% in control group, p=0.801). No significant
differences were detected in the rate of target lesion revascularization between groups (p=0.224).

Conclusion Twelve weeks treatment with exenatide did not lead to a significantly better stent coverage in people
with T2D. No significant differences in the occurrence of neo-atherosclerosis were detected between groups.

Trial registration: The study was registered at www.clinicaltrials.gov (Rebuild Study, NCT02621489).

Keywords Type 2 diabetes, Glucagon-like peptide-1 receptor agonists, Exenatide, Stent endothelialization, Drug
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Introduction

Cardiovascular (CV) disease remains the leading cause
of mortality among people with diabetes, accounting
for forty percent from coronary heart disease (CHD)
[1]. Coronary revascularization is, together with opti-
mal anti-ischemic therapy, the cornerstone of ischemic
heart disease (IHD) treatment. Although the introduc-
tion of second generation drug-eluting stents (DES)
have offered the combination of reduced rates of in-
stent restenosis (ISR) and lower risk for stent throm-
bosis (ST), [2] subjects with diabetes still have a worse
prognosis following revascularization with percutane-
ous coronary intervention (PCI) compared to people
without diabetes [3].

Deployment of a stent causes vascular wall injury
characterized by endothelium denudation, disturb-
ing the balance of numerous aspects of endothelial
function that may ultimately lead to thrombosis and
neo-atherosclerosis [4]. Studies demonstrate that acti-
vation of the glucagon like peptide-1 receptor (GLP-
1R) induce proliferation of coronary endothelial cells,
[5] inhibits the migration of circulating monocytes into
the artery wall [6] and decreases the proliferation [7] of
vascular smooth-muscle cells; effects that may repre-
sent a mechanistic model for reduction of ISR and ST.

Intracoronary Optical Coherence Tomography
(OCT) is an intra-coronary imaging technique with an
exceptional axial resolution of 10-15 pum which pro-
vides a near-histology level for detection and quan-
tification of neo-intimal growth over the DES’ struts
[8]. The aim of this study is to evaluate whether GLP-
1R agonist exenatide improves DES endothelializa-
tion (percentage of strut coverage) in people with T2D
undergoing coronary stent implantation.

Methods

Study design

Randomized, comparator-controlled, open label, asses-
sor-blinded multicentric trial (S6dersjukhuset in Stock-
holm, Sweden and Sahlgrenska University Hospital in
Gothenburg, Sweden). The European Cardiovascular
Research Center (CERC) core lab analyzed the OCT-
derived endpoints and was blinded to the patient’s
identity, allocation arm and the baseline clinical char-
acteristics. The CERC is a core lab totally independent
from our research institution. The study was approved
by the Ethical Review Board of the Stockholm County
Regional Council, the Medical Products Agency and
the Swedish Radiation Safety Authority and complies
with the current ICH E6 (R2), good clinical practice
guidelines and the Helsinki declaration.
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Study population

We aimed to include female and male subjects aged 18 to
80 years old with known or newly diagnosed T2D with a
HbA1lc between 47-110 mmol/mol (DCCT 6.5-12.2%),
who were eligible for PCI with implantation of DES. Indi-
cation for PCI included stable angina, unstable angina
and non-ST elevation myocardial infarction (NSTEMI).
Exclusion criteria are listed in Additional file 1: Table S1.
Figure 1 shows the study inclusion flow. Screening failure
summary is available in Additional file 1: Table S2.

Study procedures and exposure

PCI was performed including a post-PCI OCT recording.
Thereafter, participants were randomized either to the
study drug exenatide and standard treatment, or standard
treatment alone and were followed for 12 weeks. During
these 3 months, 2 telephone visits were held to ensure
participant safety. Study drug adherence was controlled
by counting pens and tablets. At 12 weeks, a new coro-
nary angiography including OCT examination was per-
formed to assess strut coverage and neo-intimal growth.
Figure 2 provides a summary of the methods of the study.

Catheterization protocol, intracoronary measurements,

and angioplasty

Cardiac catheterization was performed following local
standard procedures; radial access was preferred if no
contraindications existed, all patients were on chronic
treatment with acetylsalicylic acid or were given a load-
ing dose of 300 mg the day before the procedure and all
patients were loaded with a P2Y,, inhibitor (ticagrelor or
clopidogrel) before PCI. Routine angiography cines were
acquired for complete anatomic evaluation and stenosis
severity was visually assessed. If considered necessary,
intracoronary physiologic assessment with fractional
flow reserve was performed to establish functional lesion
severity. At the decision of PCI, 0.75 mg/kg enoxaparine
or 50-100 E/kg unfractioned heparin was administrated.
Six French guide catheters were used for angioplasty and
OCT recordings.

Stent implantation Implantation technique was chosen
at the operators’ discretion, but maximal stent expan-
sion including post-dilatation with non-compliant bal-
loons was encouraged in all cases. All patients received a
Resolute Onyx® DES (Medtronic, Minneapolis, MN, US),
which has a single wire platform with 81 pm rounded strut
cross-sections, a platinum-iridium core, and a cobalt-
chrome shell. Resolute Onyx® DES elutes zotarolimus
through a durable polymer (BioLinx) [9]. This stent was
chosen for its known good performance in terms of arte-
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performed at follow-up
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CONTROL (n=18)
Received allocated intervention (n=18)
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Further revascularisation with CABG (n=1)
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Excluded from analysis (n=0)

Fig. 1 Study participants flow chart. Participants enrolled and finally analyzed are shown in the figure. CABG Coronary Artery By-pass Grafting, OCT

Optical Coherence Tomography

rial healing, having low rates of malapposition and high
percentage of strut coverage in previous observational
studies [10].

OCT image acquisition protocol and analysis ~ After stent
implantation, intracoronary frequency domain-OCT
recordings were obtained using the commercially available
ILUMIEN OPTIS™ or OPTIS integrated” systems with
the Dragonfly” rapid exchange OCT catheter (Abbott, St
Paul, MN, US). Intracoronary nitroglycerine was admin-
istered before starting the pullback. Blood displacement
was achieved by manual injection of contrast and pullback
speed was set to 54 mm/s. If suboptimal stent result such

as malapposition were found in the immediate post-PCI
OCT, further optimization was performed, and a new
OCT was recorded. At follow-up, OCT recordings were
obtained following the same protocol. OCT recordings
were analyzed with Caas IV-LINQ software version 2.1
(Pie Medical Imaging Systems, Maastrich, The Nether-
lands) with a frame slice thickness of 0.1 mm for 54 mm/s
pullbacks and 0.2 mm on the occasions where pullback
speed was set to 75 mm/s.

Exposure
After PCI, participants were randomized to either exena-
tide, i.e. Bydureon® 2 mg once weekly in subcutaneous
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Fig. 2 Methodology and main results. Panel A to C summarizes

the methodology of the study. A: A coronary stenosis in a patient
with T2D suitable for stenting is found, dilated, and stented

with a Medtronic’s Resolute Onyx® DES. Then, OCT is performed

to ensure optimal stent expansion and vessel wall apposition. B:
Participants are randomized to either exenatide (subcutaneous
injection once weekly) over standard treatment or standard
treatment alone. During the 12 weeks of treatment patients are
contacted twice and are interviewed to detect possible adverse
events. C: A new coronary angiography including an OCT

of the region of interest is performed to assess strut coverage, luminal
and stent measurements as well as neo-intima measurements. D:
Main results for each treatment group. DES Drug eluting stent, OCT
optical coherence tomography, 72D type 2 diabetes, NIT neo-intimal
thickness, NIHS neo-intima hyperplasia stenosis

injection plus standard treatment or standard treatment
alone. Standard treatment was defined as metformin (tar-
get dose 1 g bid) and Neutral Protamin Hagedorn (NPH)
insulin (subcutaneous injection at bedtime and dose-
adjusted for every specific case to achieve fasting glu-
cose levels of 6 mmol/L). This was to ensure an optimal
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and comparable glycemic control throughout the study
population. Drug-naive patients were given NPH insulin
and metformin at randomization and were up-titrated
to achieve target glycemic control or the maximal toler-
ated dose, i.e. metformin. Participants who were already
insulin-treated continued with their existing insulin
given that a good glycemic control had been previously
achieved.

Follow-up

During the 12 weeks of follow-up, participants were
asked to keep record of capillary glucose measurements.
Four and eight weeks after randomization, telephone vis-
its were held to review the self-reported glucose meas-
urements. At 12 weeks, repeat coronary angiography
with OCT examination was performed as detailed above.

Outcomes

Primary outcome

The percentage of stent strut coverage as assessed by
OCT. A strut was deemed covered if tissue was identified
above the struts (Fig. 3, Panel 1).

Secondary outcomes

OCT derived endpoints The following endpoints were
analyzed: percentage of strut coverage >40 pm, stent strut
significant malapposition (distance between the luminal
part of the strut to intimal border >300 pm), malapposi-
tion volume, mean neo-intimal area, neo-intimal hyper-
plasia area at maximal obstruction, percentage of steno-
sis by neo-intimal hyperplasia, neo-intimal hyperplasia
volume at maximal obstruction and maximal neo-intimal
thickness at maximal obstruction. Luminal and stent areas
and volumes as well as stent expansion were measured
at baseline and follow-up. Definitions for some selected
OCT derived endpoints are given in Fig. 3. Remaining
definitions for OCT endpoints are found in Additional
file 1: Table S3.

At baseline, visual assessment of plaque composition,
calcium characterization and the presence of thrombi
and tissue protrusion was performed for the site of maxi-
mal obstruction (culprit lesion) as well as proximal and
distal vessel references (within 5 mm to stent edges). The
total number of struts analyzed per lesion and the mean
number of struts per cross-section were also reported.

Clinical endpoints Need for target lesion revasculari-
zation (within 12 weeks or at follow-up angiography).
Anthropometric and biochemical endpoints were pre-
defined as changes between baseline and follow-up:
body weight, abdominal circumference, blood pressure,
heart rate, HbAlc, hemoglobin, creatinine, estimated
glomerular filtration rate (eGFR), triglycerides and total
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Fig. 3 Definitions of OCT derived endpoints. In the schematic images struts are represented as boxes with metallic gradient filling. NI is represented

as delimited translucid green areas. Panel 1: Stent strut coverage. A well-apposed stent covered by a thin NI layer. Struts a and b are considered
covered by NI while struts ¢, d and e are classified as un-covered. Panel 2: Coverage thickness. Detail of 3 struts with different NI coverage thickness.
NI coverage is measured as 100 um for strut f, 60 um for strut g and only 30 um for strut h. Strut h would be considered covered for the primary
endpoint but uncovered for the >40 um coverage thickness (secondary endpoint). Panel 3: Significant malapposition. An area of stent
malapposition is seen from 11 to 2 o'clock. The abluminal side of strut i is separated 440 um from the vessel wall and classified as significantly
malapposed. Strut j is separated 260 pm from vessel wall which classifies for non-significantly malapposed. Panel 4: NI thickness. NI thickness
measures 270 um from the luminal side of the strut to the luminal border. Panel 5: Stent area. Seeable struts delimit stent area displayed as a light
blue line. Panel &: NI hyperplasia stenosis is calculated as NI volume (NI area multiplied by frame thickness) divided by stent volume (stent area
multiplied by frame thickness) multiplied by 100. OCT Optical coherence tomography, NI Neo-intima

cholesterol and its fractions. eGFR was calculated fol-
lowing the Chronic Kidney Disease Epidemiology Col-
laboration equation and based on the serum creatinine
levels [11].

Participant’s safety

Participants were actively asked about possible adverse
events in each visit of the trial and the participant’s medi-
cal journal was examined. All adverse effects, regardless
of relationship to study drug or protocol were recorded in
the adverse event report form.

Statistics

According to their distribution, continuous data are sum-
marized as mean and standard deviation or as median
and percentile 25th—75th. Categorical data are presented
as absolute count and percentage. To test differences in
changes between baseline and follow-up, new delta vari-
ables were computed. To test differences between treat-
ment groups for those delta variables a Student T-test
was used whenever data distributed normally and Fish-
er’s exact test, Mann—Whitney U test or Chi?® test was
used whenever data was not normally distributed. A two-
sided p-value of less than 0.05 was considered statistically
significant. All analyses were performed using IBM SPSS
Statistics software, version 28.0. Armonk, NY: IBM Corp.

Sample size calculation

Initially, we calculated to investigate 84 patients (42 in
each arm) to be able to demonstrate a mean absolute dif-
ference of 5 percentage units (specifically 90% vs 95%)
in strut coverage with an alpha error of 5% (two sided)
and a power of 80%. The chosen effect size is 5 percent-
age units of stent strut coverage as this value has been
observed as a clinically relevant threshold to be related
with stent-failure outcomes [12]. The sample size calcu-
lation was performed estimating a standard deviation of
8% of strut coverage from previous clinical data [13]. We
foresaw that some subjects would drop out, and therefore
aimed to investigate 100 subjects.

Results

Baseline data

At baseline, groups were well balanced regarding clini-
cal characteristics (Table 1). The mean age was 66.6 years
(8.8 years) and 58% of the subjects were men. The median
duration of diabetes was 3.0 years (1.0-8.0 years) in the
exenatide group and 3.5 years (0.6—11.5 years) in the con-
trol group. At baseline, mean HbAlc was 60.2 mmol/
mol (18.7 mmol/mol) [DCCT 7.7% (1.9%)] in exenatide
group and 58.8 mmol/mol (14.0 mmol/mol) [DCCT 7.5%
(1.4%)] in the control group. The indication for PCI was
an acute coronary syndrome in 45% of the people in the
exenatide group and 61% in the control group. The left
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Table 1 Baseline clinical characteristics of the randomized participants
Exenatide (n=20) Control (n=18) P value
Age, years 66.0 (58.2-74.7) 63.0 (55.2-68.0) 0.114°
Male gender, n (%) 11 (55.0) 11(61.1) 0.752°
Indication for angiography, n (%) 0483°
Stable angina 11 (55.0) 7 (38.9)
Unstable angina 2(10.0) 4(22.2)
NSTEMI 7 (35.0) 7(38.9)
Heredity for CV disease, n (%) 1 (5.0) 5(27.8) 0.177°
Current smoking, n (%) 3(15.0) 2(11.1) 0.424°
Hypertension, n (%) 14.0 (70.0) 14 (77.8) 0.719°
Dyslipidemia, n (%) 8(42.1) 9(50.0) 0.746°
Diabetes duration, years 3.0(1.0-8.0) 3.5(06-11.5) 0.973°
Heart failure, n (%) 5(25.0) 3(16.7) 0.697°
Myocardial infarction, n (%) 6 (30.0) 6(33.3) 1.000°
CABG, n (%) 3(15.0) 3(56) 0.606°
Simplex retinopathy, n (%) 2(10.0) 1(5.6) 1.000°
Proliferative diabetic retinopathy, n 1 (5.0) 1(5.6) 1.000P
Diabetic foot, n (%) 0(0.0) 1(5.6) 04742
Stroke, n (%) 3(15.0) 1(5.6) 0.606°
Atrial fibrillation, n (%) 4(20.0) 2 (36.0) 0.107°
Betablockers, n (%) 15(75.0) 8 (44.4) 0.096°
ACEi/ARB, n (%) 12 (60.0) 15 (83.3) 0.160°
Statines, n (%) 16 (80.0) 13(72.2) 0.709°
Anticoagulation, n (%) 4(20.0) 2 (36.0) 0.107°
Metformin, n (%) 19 (95.0) 16 (88.9) 0.595°
Insulin, n (%) 8 (40.0) 7(389) 0.564°
Long-acting insulin, n (%) 7 (35) 6(33.3) 1.000P
Mixed insulin, n (%) 4(20) 3(167) 1.000°
Sulphonylurea, n (%) 0(0.0) 1(5.6) 0.309°
Thiazolidinediones, n (%) 0(0.0) 0(0.0) -
SGLT-2-inhibitors, n (%) 0(0.0) 1(5.6) 0.309°
Weight, kg 93.5 (20.8) 88.1(12.6) 0.742¢
BMI, kg/m? 32.0(30.0-33.0) 29.0 (26.4-31.2) 0.164°
Abdominal circumference, cm 114.5 (107.0-123.0) 108.0 (102.0-117.7) 0.203°?
HbA1c, mmol/mol 60.2 (18.7) 58.8 (14.0) 0.783¢
HbA1c, % (DCCT) 7.7 (1.7) 75(1.3) 0.787¢
Hemoglobin, g/L 145.0 (123.7-149.5) 140.0 (132.0-149.0) 0.869°
Creatinine, pmol/L 77.0 (14.0) 784 (16.0) 0.766°
eGFR, ml/min/1,73 m 80.5 (14.4) 84.2(14.6) 0457¢
Total cholesterol, mmol/L 43(1.5) 39(1.2) 0.410¢
LDL cholesterol, mmol/L 8(1.2-3.5) 6(1.2-2.5) 0.427°
HDL cholesterol, mmol/L 1.1(0.8-1.2) 1.0 (0.8-1.6) 0.848°
Triglycerides, mmol/L 7(1.2-3.0) 7(13-2.5) 0.826°
Systolic blood pressure, mmHg 138.0 (24.0) 125.0 (18.0) 0.091¢
Diastolic blood pressure, mmHg 75.0(13.0) 77.0(11.0) 0.644°
Heart Rate, bpm 68.0 (10.0) 73.0 (14.0) 0.168°¢
Segment in coronary tree, n (%) 0.183°
Left Main 3(15.8) 0(0.0)
LAD 11(58.0) 1161.1)
LCX 3(15.8) 3(16.7)




Santos-Pardo et al. Cardiovascular Diabetology (2023) 22:337 Page 7 of 13
Table 1 (continued)
Exenatide (n=20) Control (n=18) P value
RCA 2(10.5) 4(22.2)
Number of stents, n 1.0 (1.0-2.0) 1.5 (1.0-2.0) 0.331°
Stent diameter, mm 3.5(3.0-4.0) 3.5(3.3-4.0) 0.6872
LVEF by echocardiography, % 55.7 (6.3) 54.7(11.0) 0.742°

Descriptive data is showed as mean (standard deviation) or median (percentile 25th-75th) depending on data distribution. Tested with 2Mann- Whitney U, °Fisher’s
exact test or Chi2 test or “Student’s T-test. ACEi/ARB Angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers, BMI Body Mass Index, CABG Coronary
Artery By-pass Grafting, CV Cardiovascular, DCCT Diabtes Control and Complications Trial, eGFR CKD-EPI Glomerular filtration Rate, HbA, - glycosylated hemoglobin,

LVEF left ventricle ejection fraction, SGLT-2 Sodium-Glucose Co-transporter-2

anterior descendent artery was the most frequently
stented vessel both in the exenatide group (58.0%) and in
the control group (61.1%). Neither the number of stents
implanted per lesion, nor the stent diameter differed
between groups.

The OCT findings at baseline were similar between
treatment groups (Table 2). The cross-sectional lumen
area at maximal obstruction (post-stenting) was 6.1
mm? (1.8 mm?) in the exenatide group and 5.1 mm? (1.8
mm?) in the control group. The mean stent expansion
was 116.6% (24.0%) in the exenatide group and 115.9%
(18.7%) in the control group. In addition, the median
stent expansion at the smallest stent cross-sectional
area was 75.1% (57.4—87.8%) in the exenatide group and
70.4% (57.7-86.9%) in the control group. The presence
of calcium in the site of minimum stent area was 57.9%
in the exenatide group and 29.4% in the control group
(p=0.106). The presence of significant residual malap-
position (i.e.>300 pm) did not differ between treatment
groups (exenatide group 0.79% (1.5%) vs. control group
1.5% (2.7%), (p=0.347)).

Primary outcome

The median percentage of strut coverage did not differ
between groups: exenatide group 95.0% (88.7-98.5%)
vs. 91.4% (88.8—-98.5%) in the control group, (p=0.692),
Table 3 and Fig. 2. To note, there were no statistically sig-
nificant differences between groups neither in the total
number of struts analyzed, nor in the mean number of
struts per cross-section (Table 3).

Secondary outcomes

OCT derived secondary outcomes

Strut coverage with neo-intimal thickness >40 um did not
differ between groups: exenatide group 79.4% (35-95%)
vs. 64% (34.3-90.5%) in the control group (p=0.589).
The percentage of relevant malapposition (i.e.>300 um)
was low and not significantly different between treatment
groups: exenatide group 0.4% (0.8%) and 1.4% (4.2%)
in the control group (p=0.368). The mean area of neo-
intimal hyperplasia was 1.3 mm? (0.4 mm?) in the exena-
tide group and 1.1 mm? (0.5 mm?) in the control group

(p=0.423). The neo-intimal hyperplasia stenosis was
15.5% (10.6—-19.2%) in the exenatide group and 14.7%
(11-17.1%) in the control group. These and the rest of
OCT derived secondary endpoints are summarized in
Table 3 and Fig. 2. Vessel wall characterization at baseline
for the reference segments is found in Additional file 1:
Table S4.

Clinical secondary outcomes

There was a significantly greater reduction in body
weight and HbAlc between groups: exenatide group
— 7.8 kg (19.7 kg) compared to control group 0.4 kg
(4.1 kg), (p=0.014), and — 11.4 mmol/mol (10 mmol/
mol) [DCCT - 1.1% (1%)] compared to control group
-4.7 mmol/mol (11.1 mmol/mol) [DCCT — 0.4% (1.1%)],
(p=0.001), respectively. No relevant differences between
groups were found for blood lipid levels, renal function,
or the rest of the clinical secondary endpoints (Table 4).

Adverse events and drop-outs

There were no serious adverse events during the study
neither from the study drug or the follow-up invasive
procedure. Adverse events and drop-outs are summa-
rized in Additional file 1: Table S5.

Discussion
Stent coverage and neo-intima hyperplasia
In the present study we found no evidence that the GLP-
1R agonist exenatide improves coronary stent endotheli-
zation in subjects with T2D. Since the same type of stent
was implanted in all subjects and that the baseline clinical
data and the OCT procedural characteristics were well
balanced, we consider the comparison between groups
reliable. Despite no significant difference in metformin
and insulin doses during the study, glycemic control and
weight loss were improved in the exenatide group com-
pared to control group. Although the role of glycemic
control in subjects with diabetes and DES endotheli-
zation remains elusive, [14] activation of GLP-1R may
evoke endothelization beyond glycemic control [5-7].
Procedural baseline characteristics, e.g. good stent
expansion and the observed low frequency of significant
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Table 2 Optical Coherence Tomography findings at baseline in the reference segments, the stenosis segment and at strut level

Exenatide (n=19) Control (n=17) P value
Stent length by OCT, mm 26.3(20.0-31.4) 28.6 (24.0-40.0) 0.241°
Number of frames per pullback, n 539 (374-540) 539 (374-540) 0.742°
Reference segments
CS lumen area proximal reference, mm2 96 (7.6-12.6) 8.7(59-11.0) 0.158?
Minimal Lumen Diameter at proximal reference, mm 3(2.7-3.5) 3(25-3.5) 0.384°
CS lumen area distal reference, mm?2 5.7 (46-8.5) 5(3.3-6.9) 0.334°
Minimal Lumen Diameter at distal reference, mm 26(2-3.1) 23(1.8-2.8) 0.261°2
Dissection at proximal stent edge, n (%) 0(0.0) 1(5.9) 04725
Mean dissection length at proximal stent edge, mm 0(0.0) 0.05(0.2) 0.290b
Dissection at distal stent edge, n (%) 2(10.5) 1(5.9 1.000°
Mean dissection’s length at distal stent edge, mm 8.4 (7.7-15) 12.1(7.5-13.2) 0.667°
Stenosis segment
CS lumen area at maximal obstruction, mm?2 6.1(1.8) 51(1.8) 0.122c
Lumen area stenosis (mean area as reference), % 23.2(3.6-32.7) 17.3(10-27.8) 0.692°
CS stent area at maximal obstruction, mm?2 6.1(1.8) 51(01.8) 0.097¢
MSA in proximal stent half segment, mm?2 7.03(1.8) 59(1.8) 0.073¢
MSA in distal stent half segment, 6.1(2.0) 4.8(1.7) 0.107¢
Mean in-stent CS area, mm?2 8122 7 (2.0) 0.134°
Stent expansion at MSA, % 75.1 (57.4-87.8) 704 (57.7-86.9) 0.704¢
Mean stent expansion, % 116.6 (24.0) 1159 (18.7) 0.784°
In-stent stent volume, mm3 157.4 (136-273) 166.5 (104.8-258) 0.5372
Vessel characterization at MSA
Plaque characterization 0.280°
Fibrotic,n (%) 0(0.0) 0(0.0)
Lipidic, n (%) 4(21.1) 5(294)
Mixed non-calcified, n (%) 4(21.1) 7(41.2)
Mixed calcified, n (%) 9(47.4) 3(17.6)
Calcification arc, degrees 65.6 (71) 306 (51.5) 0.104°
Calcification deep, mm 04 (04) 0.2 (04) 0.340¢
Thrombus presence, n (%) 7 (36.8) 2(11.8) 0.128°
Tissue prolapse, n (%) 10 (52.6) 8(47.1) 1.000P
Major tissue prolapse, n (%) 3(15.8%) 3(17.6%) 0.895°
Strut analysis
Total number of struts analyzed per lesion, n 2031 (664) 25455 (1187) 0.113¢
Number of struts per cross-section, n 10.2 (1.6) 10.3(14) 0.863°¢
Frequency of malapposed struts per lesion, % 5.7(1.9-12) 5.7 (3.8-13) 0.862°
Malapposition > 300 um,% 0.79 (1.5) 1.527) 0.347¢
Malapposition volume, mm3 11 (4.8) 13.5(84) 0.285¢
Maximal consecutive length of malapposed struts, mm 19(1.0-34) 2(1.1-3.5) 0.715°

OCT findings at baseline directly after stenting. Tested with 2Mann-Whitney U test, °Fisher’s exact test or Chi? test, “Student’s T-test. CS cross-sectional, MSA minimal

stent area, OCT Optical Coherence Tomography

malapposition by OCT, may have prompted an optimal
stent endothelization in both groups as the percentage of
covered struts is somehow higher than in previous rap-
ports [15]. In the present study strut coverage was ana-
lyzed as any coverage, and coverage with a neo-intimal
thickness of at least 40 um. It has been suggested that the
presence of underlying vascular smooth muscle cells and

a proteoglycan—collagen rich matrix is required to regain
a competent endothelium barrier [16]. A recent ex vivo
human autopsy OCT study revealed that a neo-intimal
thickness of 40 pm, or more, is the most accurate cutoff
value to identify complete strut coverage as assessed by
histology with a sensitivity of 99.3% and a specificity of
91% [16]. Interestingly, the median strut coverage with
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Table 3 Changes on Optical Coherence Tomography derived endpoints between baseline and follow-up

Baseline Follow-up Change between baselineand P value
follow up
Exenatide Control Pvalue Exenatide Control Pvalue Exenatide Control P value
(n=19) (n=17) (n=16) (n=17) (n=15) (n=17)
Strut analysis
Covered struts - - - 95.0(88.7-985) 914 (88.8-98.5) 0.692° - - -
per lesion, %
Covered 794 (350-95.0) 64 (34.3-90.5) 0.589°
struts >40 um, %
Malapposi- 08(1.5) 15(2.7) 0347°  04(08) 14 (4.2) 0368° -02(12) —~00(25) 0.829°
tion>300 um,%
Malapposition 11(4.8) 13.5(84) 0.285°  22(26) 3.7(53) 0322°  -9(54) -92(75) 0.892°
volume, mm?
Mean NIHarea, - - - 13(04) 1.1(05) 0423% - - -
mm?
NIH area at maxi- - - - 12(1-2.3) 1.1(0.7-1.9) 0407° - - -
mal obstruction,
mm?
NIH stenosis, % - - - 155(10.6-19.2) 147 (11-17.1) 0.801° - - -
NIH volume - - - 33.8(20) 33.8(174) 1.000° - - -
at maximal
obstruction, mm3
Maximal neo- - - - 0.2 (0.1-0.3) 0.2 (0.1-0.6) 04712 - - -
intimal thickness
at maximal
obstruction, mm
Total number 2031 (664) 25455(1187)  0.113° 2154 (924) 2579(1380)  0304°
of struts analyzed
per lesion, n
Number of struts 0.2 (1.6) 103 (1.4) 0863°  109(16) 106 (1.6) 0.690°

per cross-section,
n

Stenosis segment
Minimum lumen 2.4 (0.4) 23(05) 0464°  23(0.5) 2.1 (06) 0517°  —02(04) —0.2(04) 0.798°
diameter at maxi-
mal obstruction,
mm
Mean in-stent 29(04) 27(04) 0261°  28(04) 27(05) 0382° -0.1(02 -00(0.2) 0.165°
minimal lumen
diameter, mm
CS lumen area 6.1(1.8) 5.1(.8) 0.122° 5(2) 44(2.2) 0.362° —-06(—02-16) —06(0.3-1.0) 0.635°
at maximal
obstruction, mm?
Lumen area ste- 23.2(3.6-32.7) 17.3(10-27.8) 0.692° 304 (17.7-463) 32.7(18.2-46.1) 0.857¢ 13.7 (3.6-24.6) 126 (—5-29.5) 08137
nosis (mean area
as reference), %

CS stent area 6.1(1.8) 5.1(1.8) 0097°  66(2.1) 58(2.1) 0272°  02(1.8) 09(1.0) 0.231°
at maximal

obstruction, mm?

Mean in-stent CS 8.1 (2.2) 7(2.0) 0.134° 76019 69(2.7) 0.885°  0.3(1) 1.101.0) 0.054°
area, mm?

In-stent lumen 204.7 1922 (1549-  0937% 2468 187.1 0756 —17.8 -26 0.268°
volume, mm? (155.8-296) 2837) (155.3-276) (123.6-289) (- 62.2-20.1) (- 34-62.4)

In-stent stent 1574 (136-273) 1665 0537°  2289(136.1- 2069 (1453-  0971°  134(-363-71) 485 (27.3- 0.048°
volume, mm? (104.8-258) 297.3) 3123) 140.5)

Differences between groups at baseline, follow-up and in changes between baseline and follow-up in OCT-derived endpoints. Tested with °Mann-Whitney U test,
bStudent’s T-test. CS cross-sectional, NIH neo-intima hyperplasia
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Table 4 Changes between baseline and follow up for the clinical endpoints

Exenatide (n=16) Control (n=17) P value
Weight, Kg -7.8(19.7) 04 (4.7) 00147
Abdominal circumference, cm -3(-90to-1.0) -09(-6.0t05.0) 0.249°
HbA1c, mmol/mol —114(100) —4701.1) 0.001°
Hemoglobin, g/L -30(-9.0t03.0) 1.0(-82t05.5) 0.363°
Creatinine, mg/d| 0.04 (0.15) 0.03(0.17) 0.946°
eGFR, ml/min/1,73m2 -30013.7) —-1.8(10.3) 0.772°
Cholesterol, mmol/L —1.04(0.9) —-03(0.9) 0.144°
LDL cholesterol, mmol/L ~07(-161002) ~05(-08t00.1) 0.261°
HDL cholesterol, mmol/L -05(-03t00.1) 0.1(0.1t00.2) 0.117°
Triglycerides, mmol/L -03(-11to0.1) -01(-07t007) 0.140°
Systolic blood pressure, mmHg — 45 (24.6) 20(17.6) 0.441°
Diastolic blood pressure, mmHg -0.8(18.7) —-2302.1) 0.805°
Heart rate, beats per minute 8.0(7.7) —33(125) 0.008?
Target lesion revascularization, n (%) 0(0.0) 3(20.0) 0.224¢

Differences between groups for changes between baseline and follow-up for the clinical endpoints. Tested with

2 Student’s T test, PMann-Whitney U, Fisher’s exact test. eGFR, CKD-EPI glomerular filtration rate; HbA1c glycosylated hemoglobin

neo-intima thickness more than 40 um was higher in the
exenatide group compared to the control group. How-
ever, this difference was not statistically significant, and
it is unclear whether this could be a signal of a possible
effect. Furthermore, it is not known whether if a histo-
logically complete endothelial layer translates into a func-
tionally competent barrier conferring lower risk for stent
failure. However, being this a potentially clinically mean-
ingful finding further focused studies are needed.

GLP-1R activation by exenatide has been demonstrated
inducing endothelial proliferation, [5] and reduces intima
hyperplasia [7]. Neo-intima hyperplasia was detected
by OCT, and, despite luminal measurements decreased
slightly at follow-up (due to neo-intima proliferation)
in both groups, however without any obstruction; there
were no significant differences in luminal measurements,
nor in neo-intima thickness, between groups.

Clinical findings

There was no difference in the need for target lesion
revascularization, nor in the amount of intima hyperpla-
sia detected by OCT, between groups. In contrast, sub-
jects treated with exenatide had a greater weight loss and
decreased abdominal circumference, and a correspond-
ing better glycemic control, compared to the control
group; supporting the role on weight reduction and gly-
cemic control for incretin treatment in people with T2D.
Drop-outs were more frequent in the exenatide group (4
participants) than in the control group (1 participant),
which were related to the study drug in two cases, i.e.
one subject suffered from diarrhea and nausea and the
other subject of pain during the subcutaneous injection

administration. To note, one of the patients that discon-
tinued the treatment with exenatide did complete the
follow-up period and was analyzed for strut coverage as
an intention to treat analysis.

Significance

Opposed to native vessel atherosclerosis, neo-athero-
sclerosis is a process that may rapidly develops (within
months) characterized by the presence of lipid-laden
macrophages, within the neo-intima layer, secondary
to dysfunctional endothelial coverage of the stent. Fol-
lowing a PCI, it is therefore of major interest to achieve
a quick and functionally mature neo-intima layer cover-
ing the entire stent. This should be kept in mind since
ISR not only is a problem because of angina relapse, but
also since PCI in a restenosed vessel is associated with
even a higher risk of major adverse cardiovascular events
(MACE) than de novo PCI [17]. Additionally, ISR and
ST are independent predictors of MACE and frequently
present as an acute coronary syndrome [18]. Despite
beneficial effects, observed in preclinical studies, of the
activation of GLP-1R on the endothelium [5-7] and with
Dipeptidyl Peptidase- 4 inhibitor eluting stents [19] the
present trial could not confirm any evidence of stent
coverage, or reduced neo-intima thickness. Also, our
findings are in line with a previous register-based study
where no reductions on the risk of ISR or ST were found
in T2D subjects with modern DES while treated with
incretin-based therapy [20]. In contrast, other antidia-
betic treatment has shown beneficial action on this issue
since it recently was demonstrated that Sodium-Glucose
Co-transporter-2 (SGLT-2) inhibitors reduced the risk of
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ISR-driven MACE in subjects with T2D in an observa-
tional study; [21] a finding that has to be confirmed in a
randomized clinical trial.

Strengths and limitations

To the best of our knowledge the present study is the
first randomized trial to specifically address the effect of
a GLP-1R agonist on human coronary stent endotheli-
zation using OCT. Moreover, no previous human study
has reported on the effect of GLP-1RA on the occurrence
of neo-atherosclerosis in subjects with T2D. However,
there are several limitations. Firstly, we did not reach the
number of participants guided from the sample size cal-
culation and therefore the study may have been under-
powered. The sample size calculation of the present study
was based on in the OCTAMI trial; [13] although not
entirely reflecting the population in the present study,
it was the most appropriate at the time of trial planning
and protocol writing. During the following years several
recent studies [15, 22-24] have included participants
that better represent the current study population, from
which hypothetical sample size recalculations would
have ranged from 18 to 98 individuals. The reasons for
the lower inclusion are shared between a higher rate of
screening failure than anticipated and the halt in partici-
pant inclusion due to COVID-19 pandemic. The main
reason for screening failure was that the eligible subject
was already treated with an incretin-based therapy as
the rate of prescription of these drugs has exponentially
grown in Sweden since its introduction in 2006 [20]. The
frequency of the different causes for screening failure are
summarized in Additional file 1: Table S2. Secondly, strut
coverage is a non-clinical endpoint that works as a proxy
for ST and ISR. To date, there is no clear prospective evi-
dence of a stent coverage cut off point that would prevent
the risk of stent failure. However, the presence of uncov-
ered struts is a frequent finding when imaging is used in
cases of late ST [25] and the reconstitution of a complete
endothelial barrier is essential to avoid neo-atheroscle-
rosis with subsequent ISR [26]. While neo-intima hyper-
plasia has historically been described as the main cause
of ISR in the BMS era, this histopathological feature is
inhibited by the antiproliferative drug that the DES elutes
[26]. The inherent consequence of this action is a delayed
reconstitution of the endothelial barrier that, in its turn,
would trigger the process of neo-atherosclerosis result-
ing in ISR and even ST when neo-intimal plaque rupture
occurs [27]. Given the relatively low frequency of these
events and the chronological unpredictability, a clini-
cal endpoint would not have been pragmatic. Thirdly,
the timepoint for follow-up can be discussed not at least
for the neo-intima hyperplasia and neo-atherosclerosis
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endpoints. Classically, in the bare metal stent (BMS)
era, ISR tended to peak at 6 months post stent-implan-
tation [2]. However, today it is suggested that BMS-ISR
and DES-ISR are distinct pathological entities as they
may differ in chronology, histopathology and even in
the response to intervention. In contrast to BMS-ISR,
the risk of DES-ISR seems to continuously increase even
years after stent implantation [2]. The yearly rate of DES-
ISR has been estimated to 2%.[26] Altogether, 3 months
may be a too short period to detect signs of ongoing neo-
intima hyperplasia or neo-atherosclerosis. At the time
of the design of this study, the difference between BMS
and DES regarding the chronology of stent healing and
the occurrence neoatherosclerosis was not well described
yet. On regard of the timing for the primary endpoint,
although strut coverage is known to be delayed with DES
compared to BMS because of the targeted effect of the
antiproliferative drug [26], previous reports on zotaroli-
mus-DES strut coverage showed high percentages of DES
coverage at 12 weeks and even at shorter follow-up time
[9, 23]. These findings did encourage the chosen time-
point for follow-up in the present study, but it is legitim
to wonder if 12 weeks is brief time for a drug to influ-
ence the outcome giving the neutral results of this trial.
Furthermore, a clinical assessment of the endothelial
function would have been of interest to complement the
results on neo-endothelial stent coverage. Finally, we can-
not exclude that other GLP-1R analogs would have had
different effects on our outcomes of interest. The efficacy
on CV outcomes has not been demonstrated for all GLP-
1RA. Indeed, the EXSCEL trial [28], where 14752 indi-
viduals were randomized to either exenatide or placebo
found neutral results for the primary endpoint of MACE
(I.e. CV death, non-fatal MI, non-fatal stroke). The GLP-
1RA with confirmed CV efficacy are liraglutide [29],
semaglutide (subcutaneous administration) [30], albi-
glutide [31], dulaglutide [32] and efpeglenatide [33]. It is
unclear whether the the differences in the observed CV
effects between this family of drugs can be truly related
to specific actions, trial design or the extent of partici-
pant compliance for each trial [34]. In any case, exenatide
was chosen for this study due to the promising preclinical
data and before the publication of the results of EXSEL
trial.

Conclusion

In this assessor blinded, randomized trial we found no
evidence of a favorable effect of exenatide neither on
strut coverage of a modern DES, nor on the occurrence
of neo-intima hyperplasia, or neo-atherosclerosis in sub-
jects with T2D and coronary artery disease.
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CERC European Cardiovascular Research Center
CHD Coronary heart disease

cv Cardiovascular
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ISR In-stent restenosis

MACE Major adverse cardiovascular events
NSTEMI  Non-ST elevation myocardial infarction

pCl Percutaneous coronary intervention
T2D Type 2 diabetes

SGLT-2 Sodium-Glucose Co-transporter-2
ST Stent thrombosis

OoCT Optical coherence tomography

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512933-023-02071-4.

Additional file 1: Table S1 List of exclusion criteria. Table S2 Reasons for
screening failure. Table S3 OCT endpoints’ definitions. Table S4 Plaque
characterization at reference segments. Table S5 Adverse events and
drop-offs. Table S6 Glucose lowering medications at follow-up.

Acknowledgements

We would like to thank Vitalija Augustis and Annette Korsell for their meticu-
lous work and engagement in this project. We thank CERC lab for analyzing
the OCT read-outs. We thank AstraZeneca for the unrestricted grant support.

Author contributions

ISP analyzed and interpreted the data and wrote the first draft of the manu-
script. TN and NW interpreted the results and were major contributors in
writing the manuscript. OA reviewed and improved the final version of the
manuscript.

Funding
Open access funding provided by Karolinska Institute. AstraZeneca provided
unrestricted grant support.

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author on reasonable request.

Declarations

Ethics approval and consent to participate

All subjects gave their written consent to participate in the trial. The study
was approved by the Ethical Review Board of the Stockholm County Regional
Council, the Medical Products Agency and the Swedish Radiation Safety
Authority and complies with the current ICH E6 (R2), good clinical practice
guidelines and the Helsinki declaration.

Consent for publication
Not applicable.

Competing interests

TN has received unrestricted grants from AstraZeneca and NovoNordisk and
has served on national advisory boards of Amgen, Abbot, Novo Nordisk,
Sanofi-Aventis, Eli Lilly, MSD and Boehringer Ingelheim. OA has received a
research grant and a personal lecture fee from Abbott Vascular. ISP and NW
declare that they have no competing interests.

Author details
'Department of Clinical Science and Education, Karolinska Institute, Unit
of Cardiology, Sodersjukhuset, Stockholm, Sweden. 2Department of Molecular

Page 12 of 13

and Clinical Medicine, Institute of Medicine, University of Gothenburg, Goth-
enburg, Sweden. Department of Cardiology, Sahlgrenska University Hospital,
Gothenburg, Sweden. *Department of Clinical Science and Education, Unit
of Internal Medicine, Karolinska Institute, Sodersjukhuset, Stockholm, Sweden.
°Department of Cardiology, Sédersjukhuset. Sjukhusbacken 10, 11883 Stock-
holm, Sweden.

Received: 14 July 2023 Accepted: 21 November 2023
Published online: 08 December 2023

References

1.

Tancredi M, Rosengren A, Svensson AM, Kosiborod M, Pivodic A, Gudb-
jornsdottir S, et al. Excess mortality among persons with type 2 diabetes.
N Engl J Med. 2015;373(18):1720-32.

Alfonso F, Coughlan JJ, Giacoppo D, Kastrati A, Byrne RA. Management of
in-stent restenosis. Eurolntervention. 2022;18(2):e103-23.

RitsingerV, Saleh N, Lagerqvist B, Norhammar A. High event rate after

a first percutaneous coronary intervention in patients with diabetes
mellitus: results from the Swedish coronary angiography and angioplasty
registry. Circ Cardiovasc Interv. 2015;8(6): €002328.

Otsuka F, Finn AV, Yazdani SK, Nakano M, Kolodgie FD, Virmani R. The
importance of the endothelium in atherothrombosis and coronary stent-
ing. Nat Rev Cardiol. 2012;9(8):439-53.

Erdogdu O, Nathanson D, Sjoholm A, Nystrom T, Zhang Q. Exendin-4
stimulates proliferation of human coronary artery endothelial cells
through eNOS-, PKA- and PI3K/Akt-dependent pathways and requires
GLP-1 receptor. Mol Cell Endocrinol. 2010;325(1-2):26-35.

Lim S, Lee GY, Park HS, Lee DH, Tae Jung O, Kyoung Min K, et al. Attenu-
ation of carotid neointimal formation after direct delivery of a recom-
binant adenovirus expressing glucagon-like peptide-1 in diabetic rats.
Cardiovasc Res. 2017;113(2):183-94.

Eriksson L, Saxelin R, Rohl S, Roy J, Caidah! K, Nystrom T, et al. Glucagon-
like peptide-1 receptor activation does not affect re-endothelialization
but reduces intimal hyperplasia via direct effects on smooth muscle cells
in a nondiabetic model of arterial injury. J Vasc Res. 2015;52(1):41-52.
https://doi.org/10.1159/000381097

Tahara S, Chamie D, Baibars M, Alraies C, Costa M. Optical coherence
tomography endpoints in stent clinical investigations: strut coverage. Int
J Cardiovasc Imaging. 2011,27(2):271-87.

Roleder T, Kedhi E, Berta B, Gasior P, Wanha W, Roleder M, et al. Short-
term stent coverage of second-generation zotarolimus-eluting durable
polymer stents: onyx one-month optical coherence tomography study.
Postepy Kardiol Interwencyjnej. 2019;15(2):143-50.

lannaccone M, D'Ascenzo F, Templin C, Omede P, Montefusco A,
Guagliumi G, et al. Optical coherence tomography evaluation of
intermediate-term healing of different stent types: systemic review and
meta-analysis. Eur Heart J Cardiovasc Imaging. 2017;18(2):159-66.

. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman Hl,

et al. A new equation to estimate glomerular filtration rate. Ann Intern
Med. 2009;150(9):604-12.

Won H, Shin DH, Kim BK, Mintz GS, Kim JS, Ko YG, et al. Optical coherence
tomography derived cut-off value of uncovered stent struts to predict
adverse clinical outcomes after drug-eluting stent implantation. Int J
Cardiovasc Imaging. 2013;29(6):1255-63.

Guagliumi G, Sirbu V, Bezerra H, Biondi-Zoccai G, Fiocca L, Musumeci G,
et al. Strut coverage and vessel wall response to zotarolimus-eluting and
bare-metal stents implanted in patients with ST-segment elevation myo-
cardial infarction: the OCTAMI (Optical Coherence Tomography in Acute
Myocardial Infarction) Study. JACC Cardiovasc Interv. 2010;3(6):680-7.
Wilson S, Mone P, Kansakar U, Jankauskas SS, Donkor K, Adebayo A, et al.
Diabetes and restenosis. Cardiovasc Diabetol. 2022;21(1):23.

Izumi D, Miyahara M, Fujimoto N, Fukuoka S, Sakai M, Dohi K, et al. Opti-
cal coherence tomography analysis of the stent strut and prediction of
resolved strut malapposition at 3 months after 2nd-generation drug-
eluting stent implantation. Heart Vessels. 2016;31(8):1247-56.

Jinnouchi H, Otsuka F, Sato Y, Bhoite RR, Sakamoto A, Torii S, et al. Healthy
strut coverage after coronary stent implantation: an ex vivo human
autopsy study. Circ Cardiovasc Interv. 2020;13(5): e008869.


https://doi.org/10.1186/s12933-023-02071-4
https://doi.org/10.1186/s12933-023-02071-4
https://doi.org/10.1159/000381097

Santos-Pardo et al. Cardiovascular Diabetology (2023) 22:337

17. Tamez H, Secemsky EA, Valsdottir LR, Moussa ID, Song Y, Simonton CA,
et al. Long-term outcomes of percutaneous coronary intervention for
in-stent restenosis among Medicare beneficiaries. Eurolntervention.
2021;17(5):e380-7.

18. Magalhaes MA, Minha S, Chen F, Torguson R, Omar AF, Loh JP, et al. Clini-
cal presentation and outcomes of coronary in-stent restenosis across
3-stent generations. Circ Cardiovasc Interv. 2014;7(6):768-76.

19. Lee CH, Hsieh MJ, Chang SH, Hung KC, Wang CJ, Hsu MY, et al. Nanofi-
brous vildagliptin-eluting stents enhance re-endothelialization and
reduce neointimal formation in diabetes: in vitro and in vivo. Int J Nano-
medicine. 2019;14:7503-13.

20. Santos-Pardo |, Lagerqvist B, Ritsinger V, Witt N, Norhammar A, Nystrom
T. Risk of stent failure in patients with diabetes treated with glucagon-
like peptide-1 receptor agonists and dipeptidyl peptidase-4 inhibitors: a
nationwide observational study. Int J Cardiol. 2021;330:23-9.

21. Marfella R, Sardu C, D'Onofrio N, Fumagalli C, Scisciola L, Sasso FC, et al.
SGLT-2 inhibitors and in-stent restenosis-related events after acute myo-
cardial infarction: an observational study in patients with type 2 diabetes.
BMC Med. 2023;21(1):71.

22. Lee SWL, Tam FCC, Lam SCC, Kong SL, Shea CP, Chan KKW, et al. The
OCT-ORION Study: a randomized optical coherence tomography study
comparing resolute integrity to biomatrix drug-eluting stent on the
degree of early stent healing and late lumen loss. Circ Cardiovasc Interv.
2018;11(4): e006034.

23. Hashikata T, Tojo T, Namba S, Kitasato L, Hashimoto T, Kameda R, et al.
Neointimal coverage of zotarolimus-eluting stent at 1, 2, and 3 months'’
follow-up: an optical coherence tomography study. Heart Vessels.
2016;31(2):206-11.

24. Kim S, Kim JS, Shin DH, Kim BK, Ko YG, Choi D, et al. Comparison of early
strut coverage between zotarolimus- and everolimus-eluting stents using
optical coherence tomography. Am J Cardiol. 2013;111(1):1-5.

25. GoriT, Polimeni A, Indolfi C, Raber L, Adriaenssens T, Munzel T. Predictors
of stent thrombosis and their implications for clinical practice. Nat Rev
Cardiol. 2019;16(4):243-56.

26. Giustino G, Colombo A, Camaj A, Yasumura K, Mehran R, Stone GW, et al.
Coronary In-Stent restenosis: JACC state-of-the-art review. J Am Coll
Cardiol. 2022,80(4):348-72.

27. Shlofmitz E, lantorno M, Waksman R. Restenosis of drug-eluting stents:

a new classification system based on disease mechanism to guide
treatment and state-of-the-art review. Circ Cardiovasc Interv. 2019;12(8):
€007023.

28. Holman RR, Bethel MA, Mentz RJ, Thompson VP, Lokhnygina Y, Buse JB,
et al. Effects of once-weekly exenatide on cardiovascular outcomes in
type 2 diabetes. N Engl J Med. 2017;377(13):1228-39.

29. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck
MA, et al. Liraglutide and cardiovascular outcomes in type 2 diabetes. N
EnglJ Med. 2016;375(4):311-22.

30. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, et al.
Semaglutide and cardiovascular outcomes in patients with type 2 diabe-
tes. N Engl J Med. 2016;375(19):1834-44.

31. Hernandez AF, Green JB, Janmohamed S, D'Agostino RB Sr, Granger CB,
Jones NP, et al. Albiglutide and cardiovascular outcomes in patients
with type 2 diabetes and cardiovascular disease (Harmony Out-
comes): a double-blind, randomised placebo-controlled trial. Lancet.
2018;392(10157):1519-29.

32. Gerstein HC, Colhoun HM, Dagenais GR, Diaz R, Lakshmanan M, Pais
P, et al. Dulaglutide and cardiovascular outcomes in type 2 diabetes
(REWIND): a double-blind, randomised placebo-controlled trial. Lancet.
2019;394(10193):121-30.

33, Gerstein HC, Sattar N, Rosenstock J, Ramasundarahettige C, Pratley R,
Lopes RD, et al. Cardiovascular and renal outcomes with Efpeglenatide in
type 2 diabetes. N Engl J Med. 2021;385(10):896-907.

34, Ussher JR, Drucker DJ. Glucagon-like peptide 1 receptor agonists:
cardiovascular benefits and mechanisms of action. Nat Rev Cardiol.
2023;20(7):463-74.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Effects of exenatide on coronary stent’s endothelialization in subjects with type 2 diabetes: a randomized controlled trial. The Rebuild study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Study population
	Study procedures and exposure
	Catheterization protocol, intracoronary measurements, and angioplasty
	Stent implantation 
	OCT image acquisition protocol and analysis 

	Exposure
	Follow-up

	Outcomes
	Primary outcome
	Secondary outcomes
	OCT derived endpoints 
	Clinical endpoints 


	Participant’s safety
	Statistics
	Sample size calculation


	Results
	Baseline data
	Primary outcome
	Secondary outcomes
	OCT derived secondary outcomes
	Clinical secondary outcomes
	Adverse events and drop-outs


	Discussion
	Stent coverage and neo-intima hyperplasia
	Clinical findings
	Significance

	Strengths and limitations
	Conclusion
	Anchor 38
	Acknowledgements
	References


