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BGCkgI‘OUI‘Id The risk for cardiovascular adverse events after acute myocardial infarction (AMI) remains high despite
potent medical treatment including low-density lipoprotein cholesterol (LDL-C) lowering with statins. Proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) antibodies substantially reduce LDL-C when added to statin. Alirocumab, a monoclonal antibody
to PCSK9, reduces major adverse cardiovascular events after AMI. The effects of alirocumab on coronary atherosclerosis
including plaque burden, plaque composition and fibrous cap thickness in patients presenting with AMI remains unknown.

Aims To determine the effect of LDL-C lowering with alirocumab on top of high-intensity statin therapy on intravascular
ultrasound (IVUS)-derived percent atheroma volume (PAV), near-infrared spectroscopy (NIRS)-derived maximum lipid core
burden index within 4 mm (maxLCBI4 ) and optical coherence tomography (OCT)-derived fibrous cap thickness (FCT) in
patients with AMI.

Methods In this multicenter, double-blind, placebo-controlled trial, 300 patients with AMI (ST-elevation or non-ST-
elevation myocardial infarction) were randomly assigned to receive either biweekly subcutaneous alirocumab (150 mg)
or placebo beginning <24 hours after the acute event as add-on therapy to rosuvastatin 20 mg. Patients undergo serial
IVUS, NIRS and OCT in the two non-infarct related arteries at baseline (at the time of treatment of the culprit lesion) and at 52
weeks. The primary endpoint, change in IVUS-derived PAV, and the powered secondary endpoints, change in NIRS-derived
maxLCBl4 mm, and OCT-derived minimal FCT, will be assessed 52 weeks post randomization.

Summary The PACMAN-AMI trial will determine the effect of alirocumab on top of high-infensity statin therapy on
high-risk coronary plaque characteristics as assessed by serial, multimodality intracoronary imaging in patients presenting

with AMI.
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Background

Increased residual risk in patients after acute
myocardial infarction

Lowering plasma levels of low-density lipoprotein
cholesterol (LDL-C) significantly reduces cardiovascular
mortality and morbidity.!? Despite advances in coronary
revascularization and medical treatment, the risk for re-
current cardiovascular events remains high, especially
in patients who suffered a recent acute myocardial in-
farction (AMI). While statins represent a first-line ther-
apy for secondary prevention®, more than 50% of pa-
tients treated with statins do not achieve their target
LDL-C levels or cannot tolerate effective statin doses.*
Accordingly, substantial LDL-associated residual risk re-
mains. Monoclonal antibodies inhibiting the proprotein
convertase subtilisin/kexin type 9 (PCSK9) enzyme have
emerged as a valuable add-on therapy in patients who
require additional LDL-C lowering despite statin therapy.
PCSK9 inhibitors lower LDL-C levels by approximately
60% and reduce major adverse cardiovascular events in
stable patients with atherosclerotic cardiovascular dis-
ease (ASCVD)’ and following acute coronary syndromes
(ACS).° The EVOPACS study demonstrated safe and pro-
found LDL-C lowering with evolocumab in the acute set-
ting of ACS.”

Coronary atherosclerosis is characterized by substan-
tial heterogeneity ranging from minor subintimal lipid
depositions to large fibrous or fibrocalcific plaques to
highly inflamed, rupture-prone thin-capped fibroathero-
mas. In recent years, intracoronary imaging modalities
have enabled a detailed evaluation of human coronary
atherosclerosis beyond the “lumenogram” provided by
coronary angiography.® Intravascular ultrasound IVUS)
allows for accurate quantification of atherosclerotic
plaque burden.’ Due to its high resolution, optical coher-
ence tomography (OCT) can measure fibrous cap thick-
ness (FCT), which is a determinant of plaque vulnera-
bility.!® Near-infrared spectroscopy NIRS has been vali-
dated in coronary autopsy specimens'! and subsequently
in vivo'? for the detection and quantification of lipid con-
tent within the coronary arteries. Taken together, these
modalities provide complementary insights into the bur-
den, compositions, and thereby the risk profile of coro-
nary plaques in vivo. Of prognostic relevance, IVUS-,
OCT, and NIRS-defined measurements have been shown
to predict future cardiovascular events in patients with
established coronary artery disease (CAD).3~1

Statins halt atherosclerotic plaque progression and
achieve regression when the highest doses are adminis-
tered.'®!7 Moreover, statins favorably affect plaque mor-

phology and composition by reducing lipid content, at-
tenuating plaque inflaimmation and increasing FCT of fi-
broatheromas.'®-?? The GLAGOV randomized controlled
trial assessed the effect of evolocumab vs placebo on
top of statin in 896 patients with a coronary stenosis
between 20% to 50%.%> Percent atheroma volume (PAV)
reduction after 18 months was greater in evolocumab-
treated patients. In a substudy using virtual histology
IVUS, there was no difference in the reduction of cal-
cium, fibrous, fibrofatty, or necrotic tissue between
groups.’! In a Japanese study?, 206 patients with LDL-
C >2.59 mmol/L (=100 mg/dL) under stable statin ther-
apy and a recent (2-4 wk) ACS were randomized to
alirocumab or standard of care (atorvastatin >10 mg/d
or rosuvastatin >5 mg/d) for 36 weeks in an unblinded
fashion. There was no difference in the change in total
atheroma volume at 6 months. Possible explanations for
the observed lack of effect might include the limited sam-
ple size, short treatment period, imaging of the infarct
vessel, statin and non-statin up titration in the control
group only, and introduction of ezetimibe in nearly half
of patients in the control arm.

Collectively, the efficacy of statins in reducing coronary
atheroma burden and favorably altering plaque compo-
sition is well established. However, while evolocumab
has been shown to reduce plaque burden, there is a gap
of evidence regarding the impact of PCSK9 inhibition
on changes of presumed vulnerable plaque features, in-
cluding morphology and composition by means of serial
multimodality imaging - particularly among patients at
highest risk, notably those with AMI. The PACMAN-AMI
trial is a multi-modality intracoronary imaging study aim-
ing to show the superiority of alirocumab vs. placebo,
on top of high-intensity statin, on serial changes of
IVUS-derived PAV, OCT-derived minimal FCT, and NIRS-
derived maximum lipid core burden index within 4 mm
(maxLCBI4 ) in the non-infarct-related arteries of pa-
tients with AMI undergoing PCI. Enrolment of 294 pa-
tients is scheduled. Therefore, PACMAN-MI will be the
first intracoronary imaging trial to comprehensively in-
vestigate the entire spectrum of plaque modification by
PCSKO9 inhibition including volume, composition and mi-
crostructure.

Methods

Study design, study population, drug administration,
and visit schedule

The effects of the PSCK9 antibody AliroCuMab on
coronary Atherosclerosis in patieNts with Acute My-
ocardial Infarction trial (PACMAN-AMI, clinicaltrial.gov
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Table I. Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

* Male or female, age >18 y at screening
+ Acute myocardial infarction: acute STsegment elevation myocardial infarction (STEMI) with pain onset within <24 h, or
non-ST segment elevation myocardial infarction (NSTEMI), with at least one coronary segment (culprit lesion) requiring PCI
+ LDL-C >70 mg/dL (>1.8 mmol/L) assessed prior to, or during PCl in patients who have been receiving any stable statin
regimen within >4 wk prior to enrolment; OR LDL-C >125 mg/dL (>3.2 mmol/L) in patients who are statin-naive or have not
been on stable statin regimen for >4 wk prior to enrollment
« At least two major native coronary arteries (“target vessels”) each meeting the following criteria for intracoronary imaging
immediately following the qualifying PCl procedure:
« Angiographic evidence of <50% reduction in lumen diameter by angiographic visual estimation
« Target vessel deemed to be accessible to imaging catheters and suitable for intracoronary imaging in the proximal (50mm)
segment (“target segment”)
« Target vessel may not be a bypass (saphenous vein or arterial) graft or a bypassed native vessel
« Target vessel must not have undergone previous PCl within the target segment
« Target vessel is not candidate for intervention at the time of qualifying PCI or over the following 6 mo in the judgment of the
Investigator
+ Hemodynamic stability allowing the repetitive administration of nitroglycerine
+ Ability to understand the requirements of the study and to provide informed consent
+ Willingness of patient to undergo follow-up intracoronary imaging
Left-main disease, defined as >50% reduction in lumen diameter of the left main coronary artery by angiographic visual
estimation
* Three-vessel disease, defined as >70% reduction in lumen diameter of three major epicardial coronary arteries by
angiographic visual estimation or in major branches of one or more of these arteries, irrespective of the localization (proximal
50mm or more distal localization) of the obstructive lesions
+ History of coronary artery bypass surgery
« TIMI flow <2 of the infarctrelated artery after PCI
+ Unstable clinical status (hemodynamic or electrical instability)
» Significant coronary calcification or tortuosity deemed to preclude IVUS, NIRS and OCT evaluation
+ Uncontrolled cardiac arrhythmia, defined as recurrent and symptomatic ventricular tachycardia or afrial fibrillation with
rapid ventricular response not controlled by medications in the past 3 mo prior to screening
« Severe renal dysfunction, defined by estimated glomerular filtration rate <30 ml/min/1.73m?
» Active liver disease or hepatic dysfunction
» Known intolerance to rosuvastatin OR known statin intolerance
+ Known allergy to contrast medium, heparin, aspirin, ticagrelor or prasugrel
+ Known sensitivity to any substances to be administered, including known statin intolerance
+ Patients who previously received alirocumab or other PCSK9 inhibitor
« Patient who received cholesterol ester transfer protein inhibitors in the past 12 mo prior to screening
« Treatment with systemic steroids or systemic cyclosporine in the past 3 mo
+ Known active infection or major hematologic, metabolic, or endocrine dysfunction in the judgment of the Investigator
* Planned surgery within 12 mo
+ Patients who will not be available for study-required visits in the judgment of the Investigator
« Current enrolment in another investigational device or drug study
» History of cancer within the past 5y, except for adequately treated basal cell skin cancer, squamous cell skin cancer, or in
situ cervical cancer
» Estimated life expectancy less than 1y
+ Female of childbearing potential (age <50 y and last menstruation within the last 12 mo), who did not undergo tubal
ligation, ovariectomy or hysterectomy.

NCT03067844) is an investigator-initiated, European, cant obstructive atherosclerotic disease (visual es-
multicentre, double-blind, placebo-controlled, random- timate <50% angiographic diameter stenosis) but
ized, superiority study which evaluates the effect angiographic evidence of atherosclerosis (>20%
of alirocumab on coronary atherosclerosis by multi- stenosis).
modality intracoronary imaging in patients presenting (i) LDL-C level >125 mg/dL (3.2 mmol/L) if patients
with AMI undergoing PCI. were stain-naive or had not been on a stable (>4
Patients who underwent clinically indicated PCI for wk) statin regimen at the time of screening; or
AMI (ST-elevation or non-ST-elevation myocardial infarc- LCL-C >70 mg/dL (1.8 mmol/L) if patients were on
tion) were screened for clinical and anatomic eligibility an unchanged statin treatment for >4 weeks prior
for study participation as outlined in Table I. In brief, pa- to study enrolment. Among patients considered to
tients were eligible if they met the following criteria: be potential study candidates based on all other

inclusion and exclusion criteria, LDL-C levels were

(i) Suitability for intracoronary imaging of two non- mea§ured with a fapid test from blood'sampl§s
infarct related arteries (non-IRAs) without signifi- (fasting or non-fasting) drawn after the diagnostic
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angiography and prior to PCI. For this purpose, a
validated, point-of-care assay (CardioChek PA Silver,
Polymer Technology Systems, Indianapolis IN, USA)
was available at each participating study centre for
prompt measurement of LDL-C levels to determine
eligibility for enrolment.

The study is conducted at 9 centres in Switzerland (5),
Austria (1), Denmark (1) and the Netherlands (2). A total
of 300 patients were randomized in a 1:1 ratio to either
alirocumab subcutaneous 150 mg biweekly or matching
placebo between May 09, 2017 and October 07, 2020.
A CONSORT flow diagram is provided in Supplementary
Figure 1. Following screening, enrolment and randomiza-
tion (baseline, day 1), the total study duration for each in-
dividual patient will amount to 52 weeks consisting of a
50-week treatment period and a 2-week period between
completion of the treatment period and final follow-up.
Study visits will occur at weeks 2, 4, 24 and 52 and tele-
phone follow-up at week 8, 12, 36 and 48. The first ad-
ministration of the study drug is performed as soon as
possible during hospitalization for the index AMI, and
the subsequent administrations are done at the week-2
and week-4 study visits. Afterwards, the study drug will
be self-injected by patients at home and documented in
a patient logbook. Baseline and follow-up multimodality
imaging will be performed at day 1 and week 52, re-
spectively. All patients will receive a protocol-mandated
high-intensity statin treatment with rosuvastatin 20 mg/d
without change in dose or type of statin during the en-
tire duration of the study. Patients and treating physi-
cians should refrain from LDL-C measurements through-
out the whole study time to maintain blinding. In case of
statin intolerance, a standard statin dose reduction algo-
rithm has been implemented. Figure I provides a study
design overview and treatment schema of the PACMAN-
AMI trial.

Justification of LDL-C criteria for eligibility

The rationale for the LDL-C eligibility thresholds in con-
junction with pre-enrolment statin treatment status is in
line with previous studies using PCSK9 inhibitors, ac-
counting for specific patient selection criteria uniquely
applicable in the present study. In previous studies,
PCSK9 inhibitors were administered either on top of
maximum tolerated statin therapy if LDL-C levels were
above target levels as determined by individual patient
cardiovascular risk after a lipid-stabilizing period; or in-
stead of a statin (eg, due to statin intolerance). In con-
trast, in the present study, a lipid-stabilizing phase is
not feasible as a result of the enrolment of patients in
the acute setting of AMI, and due to the performance
of the baseline intracoronary imaging evaluation (a pre-
requisite to proceed to randomization) during the clini-
cally indicated cardiac catheterization in the acute clin-
ical setting. This study will therefore require that pa-
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tients have LDL-C levels at screening that are either
above the guideline-recommended target of 70 mg/dL
(1.8 mmol/L)?” while on prior stable statin treatment,
or are not projected to be lowered below the target
for patients not on prior statin treatment. For the lat-
ter group, patients with an LDL-C >125 mg/dL (>3.2
mmol/L) would remain above target (>1.8 mmol/l) de-
spite the protocol-mandated background statin therapy,
considering the average 43% LDL-C reduction reportedly
achievable with rosuvastatin 20 mg.’

Study endpoints

The PACMAN-AMI randomized trial will evaluate the ef-
fect of the PCSK9 inhibitor alirocumab on the change in
(Table II):

* IVUS-derived percent atheroma volume (PAV) (pri-
mary endpoint)

* NIRS-derived maximum lipid core burden index
within 4 mm (maxLCBI 4 mm) (powered secondary
endpoint)

* OCT-derived minimal fibrous cap thickness (FCT)
(powered secondary endpoint)

Multimodality imaging will be performed at baseline
(day 1; time point of cardiac catheterization for the in-
dex AMI) and at 52 weeks in the two non-IRAs. Figure II
illustrates the assessment of the three imaging endpoints.

Acquisition of IVUS-NIRS and OCT imaging

Following the completion of coronary angiography and
the qualifying PCI procedure on day 1, patients under-
went ad hoc intracoronary imaging first with IVUS-NIRS
followed by OCT of the two non-IRAs immediately af-
ter PCI. The aim was to acquire a major native coro-
nary artery segment between two landmarks that ex-
ceeded 50mm in length and had angiographic evidence
of atherosclerosis but without angiographically signifi-
cant stenosis (ie, <50%). The regions of interest (ROI)
were selected between two sidebranches (ie, a distal
sidebranch, and the distal left main or the RCA ostium)

After 52 weeks, patients will undergo intracoronary
imaging using IVUS-NIRS and OCT of the same ROI im-
aged at baseline, as well as imaging of the stented seg-
ment by OCT only.

The combined 3.2 French IVUS-NIRS catheter 40 MHz
INSIGHT TVC-C195-22 (Intraredx, Bulington, MA, USA)
was used for all baseline imaging procedures from study
onset until 2019, and any of the serial follow-up pro-
cedures at follow-up, and the 50 MHz INSIGHT XB,
TVC.C195-32 is used thereafter for all baseline proce-
dures and the serial procedure at follow-up. The IVUS-
NIRS catheter is advanced beyond the distal landmark
and a motorized pullback at a speed of 0.5 mm/s and
240 rotations/min is performed after the administration
of 100 to 200 pug intracoronary nitroglycerine. Serial
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Figure |
Acute myocardial infarction (AMI) < 24 hours (STEMI or NSTE-ACS)
undergoing clinically indicated PCI
In- and exclusion criteria l | Ad hoc blood lipid measurement
IVUS + NIRS + OCT
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Study design and treatment schema of PACMAN-AMI.
IVUS-NIRS are performed by the same catheter type. Pull- OCT imaging will be performed using a frequency-
backs are transferred via a dedicated image transfer sys- domain OCT system (ILUMIEN OPTIS (St. Jude Medical,
tem (AGmednet) to the independent Core Laboratory St. Paul, MN, USA). After administration of intracoronary
(Cardialysis BV, Rotterdam, The Netherlands) for quality nitroglycerin, an automatic pullback OCT imaging is per-

control, blinding, and analysis. formed using a 2.7 French C7 Dragonfly imaging catheter
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Figure Il
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IVUS, NIRS and OCT analyses. (A) Cross sectional IVUS image of a coronary artery. The lumen (red) and external elastic membrane (green) is
drawn for plaque burden calculation. (B) Chemogram of a non-infarct related artery. The LCBIyo; (indicated by a black line) and maxLCBIy mm
(indicated by a red line) of the region of interest is measured. (C) Cross section OCT image of a coronary artery. The lipid angle (red) is
drawn and FCT (green line) is measured by a validated semi-automated method. PB, plaque burden, FCT, fibrous cap thickness, LCBlzgy,
lipid core burden of the region of interest, maxLCBl4 ,,, 4 mm segment with the maximum amount of lipid core burden index within the

region of interest (color version of figure is available online.)
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Table II. Summary of PACMAN-AMI endpoints

Primary endpoint IVUS

Zanchin et al 39

+ Changes in PAV by greyscale IVUS from baseline to wk 52

Powered secondary NIRS
endpoints

oCT

+ Change in maxLCBl 4 by NIRS from baseline to wk 52

+ Change in minimal fibrous cap thickness by OCT from baseline to wk 52

Secondary endpoints IVUS

+ Change in normalized total atheroma volume (NTAV) by IVUS from baseline to wk 52

NIRS

+ Change in LCBIzo; by NIRS from baseline to wk 52

ocCT

Secondary clinical endpoints

Safety endpoints

+ Change in mean fibrous cap thickness by OCT from baseline to wk 52
+ Change in average angular extension of macrophages by OCT from baseline to wk 52

Biomarkers

+ Change in lipid levels (cholesterol, LDL-C, HDL-C, Lp(a), triglycerides, non-HDL-C, Apo B, Apo A-1, ratio Apo
B/Apo A-1, Apo CHIl, Lp(a))

* Inflammatory biomarkers (hs-CRP, TNFq, IL1b, IL-6, MPO, cystatine, SIRT1, SIRT6) and other selected
biomarkers (hs-TnT, NT-pro-BNP)

+ Any death

+ Cardiac death

+ Non{atal myocardial infarction

+ Ischemia-driven coronary revascularization (Target lesion revascularization, target vessel revascularization,
non-target vessel revascularization)

« Ischemic stroke/TIA

+ Adverse events (AEs), serious adverse events (SAEs), adverse events of special interest (AESIs)

(Dragon Fly Duo, LightLab, St. Jude Medical, St. Paul, MN,
USA). Pullbacks are recorded during automated contrast
injection with and automated injector such as ACIST for
quality reason with an injection rate of >5.0 ml/s for the
left coronary artery and >4.0 ml/s for the right coronary
artery depending on the vessel size. OCT pullbacks will
be sent via AGmednet to the OCT Corelab at the Uni-
versity Hospital of Bern for quality control, blinding and
analysis.

Analyses of IVUS-NIRS and OCT imaging
* IVUS: The independent Corelab Cardialysis, Rot-
terdam, NL, will randomly allocate a code to the
baseline and follow-up pullbacks in order to ensure
blinding of the analysts to the temporal sequence
and treatment allocation of paired images. The
largest common ROI available from the two serial
recordings will be assessed with the help of ded-
icated matching software and identified as much
common matching points within the pullbacks (eg,
side branches, calcifications). Within the matched

ROI, the lumen and external elastic membrane
will be measured every 1 mm (QIVUS Research
Edition 3.1.12.0, Medis, Leiden, The Netherlands).
IVUS analyses will be performed as previously
described.?® The arterial lumen and external elas-
tic membrane borders will be segmented from
digitized IVUS images. The primary IVUS-derived
parameter will be PAV (=plaque burden) according
to the following equation:

_ X(EEMCSA — LumenCSA)
- SEEMCSA

PAV x 100

where external elastic membranecsy is the external elas-
tic membrane cross-sectional area and Lumencs, is the
luminal cross-sectional area. The primary endpoint will
be the change in PAV between baseline and follow-up.
Normalized total atheroma volume (normalized TAV) will
be assessed as secondary endpoint.

* NIRS: Spectroscopic information will be obtained
from the IVUS ROI and displayed as NIRS
“chemogram”. The presence of lipid core burden
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will be assessed and quantified by the lipid core
burden index (LCBID), a quantitative summary met-
ric of lipid core presence in a given longitudinal
region. LCBI is computed as the fraction of valid
pixels within the study region that exceed a lipid-
core plaque (LCP) probability of 0.6, multiplied by
1000.%° Thus, LCBI is measured on a scale from 0 to
1000. For each ROI, the 4 mm segment with maxi-
mum LCBI (maxLCBI4 ) and the LCBI over the to-
tal length (LCBIgop) will be measured.'!>'%2% Analy-
ses will be performed offline using QIVUS Research
Edition 3.1.12.0 software at the independent Core-
lab Cardialysis, Rotterdam, NL.

The powered secondary endpoint will be the change
in maxLCBIly ,,,, between baseline and follow-up investi-
gation within the same ROI. LCBIRo; will be assessed as
the secondary endpoint.

* OCT: OCT images will be analyzed offline at every
single frame (0.4 mm) within matched ROI using
proprietary software (QCU-CMS version 4.69 soft-
ware, Medis, Leiden, The Netherlands) blinded to
time-point of assessment as previously reported by
our group.’*-*? Each frame will be classified based
on a hierarchical approach as normal vessel, fibrous
plaque, fibrocalcific plaque, and fibroatheroma. A fi-
broatheroma is defined as a plaque with evidence
of lipid-pool >90° which is characterized by a
poorly defined or diffuse border between the signal-
poor region and surrounding tissue without lat-
eral delineation.”! For every frame classified as fi-
broatheroma, we will measure the FCT, defined as
the signal-rich tissue layer overlying the lipid pool
by using a previously validated, highly reproducible,
semi-automated method.*’ In addition, the lipid arc
and lipid length (defined as the length of plaque
with >90° of lipid measured on the longitudinal
view) will be assessed.

The powered secondary endpoint for the OCT analy-
sis is the change in minimal FCT from baseline to week
52. Change in mean FCT and average angular extension
of macrophages will be assessed as the secondary end-
points. Additional endpoints are change in mean FCT,
lipid pool arc and plaque type by OCT.

PACMAN-AMI substudies

Several substudies will investigate the impact of
alirocumab on endothelial and platelet function,
shear stress, lipidomics, neutrophil extracellular traps,
neoatherosclerosis in the stent implanted in the culprit
lesion, changes in quantitative flow ratio within the ROI,
and statin adherence. Table III provides an overview of
the PACMAN-AMI substudies timeline with the individual
time point of assessment. An overview on the aims and
endpoints of the PACMAN-AMI related substudies is
shown in Supplementary Table I.
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Sample size determination and statistical analysis:
Power analysis for change in PAV (primary endpoint)
PACMAN AMI is a superiority trial powered for the pri-
mary and two secondary endpoints. In the final power
calculation, incorporating also the results of the GLAGOV
trial*>, we assume a placebo-controlled PAV change -1.3%
at 52 weeks; standard deviation of 3.4% (as consensus
from SATURN>*: 3.0%, IBIS4%®: 3.4%, ASTEROID'°: 4.0%);
and intraclass correlation coefficient ICC) of approxi-
mately 0.435 (estimated from IBIS4 data).?® We expect
m = 2.0 vessels per patients to be analyzed. The design
effect is calculated by D =1 4+ ICC(m-1). If dropout was
ignored, a total sample size of 264 patients would be
required to reach a statistical power of 80% at a signifi-
cance level of o = 5% using a two-sided test. Anticipating
a dropout rate of 10% at the 52-week imaging follow-up,
a total of n = 294 patients should be recruited (147/arm).

Power analysis for change in max LCBl4 n,
(powered secondary endpoint)

For the change in maxLCBIy ,,, between baseline and
52 weeks we assume: (i) difference between the two
treatment arms of 193.3 based on the observed differ-
ence in the YELLOW I trial’® and the expected reduc-
tion in LDL-C in PACMAN-AMI [-40% in the placebo
(rosuvastatin-only) and -75% in the active (alirocumab
plus rosuvastaton) group], (ii) standard deviation of 220
(estimated from the Lipid-Rich Plaque study'®) and iii)
dropout rate of 10% at the 52-week imaging follow-
up. Considering a total number of enrolled patients
of n=294, a significance level of alpha=2.5% using
a two-sided test, PACMAN would provide a power of
>95% to detect the expected difference in the change in
maxLCBIy y,, of 193.3 between placebo and alirocumab
if it was tested independently.

Power analysis for change in minimal FCT (powered
secondary endpoint)

For the change in minimal FCT between baseline
and 52 weeks we assume: (i) difference between the
alirocumab and placebo arm of 19.8 um for the change
in minimal FCT based on the observed difference in IBIS-
4?! and the expected reduction in LDL-C in PACMAN-
AMI (-40% in Placebo and -75% in PCSK9 group), (ii)
standard deviation of 44.8 (calculated from IBIS-4); (iii)
intracluster correlation coefficient of 0.57 (estimated
from IBIS-4); (iv) m = 1.59 vessels per patient (ie, with
fibroatheroma according to the PACMAN-AMI Match-
ing Substudy®®), (v) and a rate of 72% having any
fibroatheroma by OCT (PACMAN-AMI Matching Sub-
study). Considering a dropout rate of 10% at the 52-week
imaging follow-up, a total number of enrolled patients of
n =294, a significance level of alpha = 2.5% using a two-
sided test, the study would provide 85% power to detect
the expected difference in the change in minimal FCT of
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Table lll. PACMAN-AMI substudies timeline

Time Point

Day 1: In-hospital End of study Extended follow-up

Before PCI  Baseline Before first 12-24 hours Wk 4
IVUS/NIRS  IMP after first IMP
+OCT injection injection visit

Substudy Wk 52 clinical 2y 5y 10y
clinical  visit phone phone phone

IVUS/NIRS +OCT  call call call

(A) Biobank x

(B) Therapeutic drug monitoring

(C) Platelet function X x
(D) Endothelial function

(E) Lipidomics x

(F) Matching X

(G) Endothelial shear stress x

(H) Neoatherosclerosis

(I) Neutrophil extracellular trap ~ x x x
{J) 3D carotid ultrasound x

(K) PET/CT «

(L) Quantitative flow ratio x

(M) Legacy effect x x x

X X X X
X X X X X

X X X X X X

Footnote: Aim of each substudy; (A) Biobank: To assess the effects of alirocumab on the change in lipid biomarkers, inflammatory biomarkers, and to explore possible
associations of biomarkers with changes in coronary plaque characteristics and to improve risk stratification for PCSK9-targeted lipid-lowering therapy, (B) Therapeutic drug
monitoring: To assess the adherence, (C) Platelet function: To assess the effect of alirocumab on platelet function as assessed by VerifyNow, (D) Endothelial function: To assess
the effect of alirocumab on endothelial function by using flow-mediated dilation (FMD) measurement, (E) Lipidomics: To assess the impact of alirocumab in apolipoproteins
by using mass spectrometry and to explore a correlation between changes in apolipoprotein levels with changes in coronary plaque characteristics, (F) Matching: To assess
the morphological features of NIRS-defined lipid-rich plaques by using OCT and IVUS, (G) Endothelial shear stress: To assess the impact of alirocumab on endothelial shear
stress distribution and plaque structural stress properties, (H) Neoatherosclerosis: To assess the effect of alirocumab on neoatherosclerosis formation in the neointima of
the culprit stent, (I) Neutrophilic extracellular traps — DNase activity: To assess the impact of alirocumab on neutrophil activation and receptor expression, the formation of
neutrophil extraellular traps, and DNase activity, (J) 3D carotic ultrasound: To evaluate the effect of PCSK? inhibitor Alirocumab as compared with placebo on the change
in PAV and echogenicity in carotid arteries, (K) PET/CT: To investigate the effect of alirocumab on vascular inflammation as assessed by positron emission tomography
computer tomography (PET/CT) of the aorta, (L) Quantitative flow ratio: To assess the effect of alirocumab on the change in quantitative flow ratio (QFR) and maximum

diameter stenosis (%DS) in non-RA, (M) Legacy effect: To assess the clinical effects of alirocumab after 2, 5, and 10 y after enrolment.

19.8 pm between placebo and alirocumab if it was tested
independently.

Statistical analyses of the primary and powered
secondary endpoints

The primary endpoint (percentage change in PAV)
and the two powered secondary endpoints (change in
maxLCBIy , and change in minimal FCT) will be tested
independently. The resulting p-values will be interpreted
using a gatekeeping procedure whereby the primary
endpoint will first be tested at an alpha level =0.05. If
a P-value >0.05 is found for the primary endpoint, then
the P-values for the powered secondary endpoints will
not be interpreted. If a P-value <0.05 is found for the
primary endpoint, alpha will be equally split across the
two powered secondary endpoints (alpha = 0.025) using
Bonferroni correction; ie, for the secondary endpoints
significance will be achieved at the alpha =0.025 level.

Discussion

The PACMAN-AMI trial uniquely investigates the effect
of PCSK9 inhibition on plaque morphology and compo-
sition, as defined by serial multimodality intracoronary
imaging, in the two non-IRAs of patients with AMI includ-
ing IVUS-derived plaque burden, NIRS-derived lipid core

burden index, and OCT-derived fibrous cap thickness.
These morphological and compositional plaque charac-
teristics have been consistently related to plaque vulnera-
bility and rupture in pathological studies and with future
cardiac events in prospective trials.>'* The PACMAN-
AMI trial aims to provide further mechanistic insights
on the effects of highly potent LDL-C reduction on coro-
nary atherosclerosis including plaque volume, composi-
tion and microstructural plaque characteristics against a
background of evidence demonstrating the efficacy of
PCSK9 inhibitors in reducing LDL-C levels and improv-
ing clinical outcomes.”>°

Landmark IVUS studies'®'” have shown a favorable
effect of statins on plaque burden. Moreover, statins
have been shown to increase the OCT-derived fibrous
cap thickness?! and decrease the NIRS-derived lipid con-
tent.?’ The Identification of PCSK9 expression in human
atherosclerotic plaques has raised the translational hy-
pothesis of a direct favorable effect of PCSK9 inhibition
on plaque biology beyond the potent LDL-Clowering
effect.’® The GLAGOV trial*?> evaluated PCSK9 inhibi-
tion on atheroma volume as assessed by IVUS in statin-
treated, stable CAD patients, which resulted in reduction
of plaque burden by -1.0% (-1.3 to -0.6%, P < 0.01) as
compared to placebo. However, there was no change
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in plaque composition as assessed by virtual histology,
likely indicating limited value of virtual histology-IVUS
for the evaluation of plaque morphology.>*

In comparison with previous evidence of intravascu-
lar imaging studies assessing the effect of lipid-lowering
therapy on atherosclerosis, the PACMAN-AMI trial will
provide further insights along the following lines:

» While previous studies (of statins and evolocumab)
were limited to one intravascular imaging modality,
the PACMAN-AMI trial uses a multimodality imag-
ing approach of intracoronary imaging techniques
with IVUS, NIRS and OCT. Thereby, the PACMAN-
AMI trial provides incremental insights on the ef-
ficacy of a PCSK9 antibody on various aspects of
atherosclerosis including plaque volume, composi-
tion, and microstructure.

The GLAGOV trial>> mainly enrolled patients with
stable or stabilized CAD, while the PACMAN-AMI
trial enrolls patients with AMI, a high-risk vulnera-
ble patient population. While all patients enrolled
in the GLAGOV trial were on a statin treatment,
most patients in the PACMAN trial are statin-naive.
The advantage of a non-lipid-stabilizing phase
will provide the possibility to uniquely investigate
changes in coronary atheroma burden, composition
and microstructure in response to newly initiated
statin treatment alone vs. a treatment combined
with a PCSK9 inhibitor in high-risk patients with
AMI. Acute myocardial infarction causes a systemic
inflammatory reaction and an increase of PCSK9
levels, which promotes inflaimmation and thereby
promotes coronary plaque vulnerability through
pro-inflammatory pathways, direct modification of
plaque composition and activation of prothrom-
botic mechanisms as demonstrated in preclinical
models.”” Hence, we hypothesize that early (<24
h following index PCI) application of PCSK9 an-
tibodies during the acute setting of a myocardial
infarction may lead to an early plaque stabilization
effect via anti-inflammatory and antithrombotic
mechanisms. In addition, patients with AMI are
known to harbour more vulnerable plaques in
their non-infarct related arteries compared to sta-
ble CAD patients®®?’, thereby indicating an ideal
population to study the PCSK9-inhibitor-mediated
effects on atherosclerosis. As an additional feature,
a multi-vessel assessment will be obtained in the
proposed study, as plaque progression in the entire
coronary artery tree is of greater interest compared
to assessment of only a selected single arterial
segment.’ Cardiovascular events are not limited
to one single vessel segment and in this study we
will focus specifically on selecting the clinically
most relevant vessel regions, that is, according
to previous pathology studies®!-*’) the proximal

American Heart Journal
Month 2021

portions of the major coronary arteries where most
rupture-prone thin-cap fibroatheromas are located
and where the consequences of a myocardial in-
farction are most pronounced based on the large
amount of myocardium at risk.

Several substudies conducted within the scope of
the PACMAN-AMI trial will provide valuable insights
into effects of alirocumab on (I) lipid biomark-
ers, inflammatory biomarkers and associations of
biomarkers with changes in coronary plaque char-
acteristics,; (ID platelet function; (III) endothelial
function; (IV) shear stress; (V) neoatherosclerosis
formation; (VI) neutrophil activation and the for-
mation of neutrophil extracellular traps; (VII) PAV
and echogenicity in carotid arteries; (VII) PET/CT-
derived atherosclerosis; and (IX) quantitative flow
ratio of angiographically non-significant stenosis.
These studies will further enrich our knowledge of
potential pleiotropic effects of PCSK9 inhibition.

Summary

The PACMAN-AMI trial is an investigator-initiated, mul-
ticenter, double-blind, placebo-controlled, randomized
superiority study enrolling a total of 300 patients to de-
termine the effect of alirocumab on IVUS-derived PAV,
NIRS-derived maxLCBI4 mm and OCT-derived minimal
FCT in the two non-IRAs in patients presenting with AMI.
Enrolment was completed in October 2020, and study
completion is expected in Q4 2021.
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