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Surrogate markers
Definition

• a clinical/imaging measurement 

• statistically associated with a clinical outc
ome 

• with current knowledge is believed to shar
e a causal mechanism with the clinical ou
tcome

http://www.fda.gov/ohrms/dockets/ac/00/backgrd/3609b1d/tsld004.htm



Surrogate markers
Definition

• A laboratory or physical sign that is used i
n therapeutic trials as a substitute for a cli
nically meaningful endpoint that is a direc
t measure of how a patient feels, function
s, or survives and that is expected to pre
dict the effect of the therapy

http://www.fda.gov/cder/Offices/Biostatistics/Chakravarty_376/tsld003.htm



Surrogate markers
Definition

http://www.fda.gov/cder/Offices/Biostatistics/Chakravarty_376/tsld003.htm

Treatment

Surrogate 
endpoint

True 
endpoint 



7300 pts multicenter7300 pts multicenter

PI: PI: ValentinValentin FusterFuster, MD, PhD and , MD, PhD and ErlingErling Falk, MD, PhD Falk, MD, PhD 
Sponsor: BG Medicine, Inc; AstraZeneca; Abbott; Merck; Philips MSponsor: BG Medicine, Inc; AstraZeneca; Abbott; Merck; Philips Medical Systems; Takeda Global Researchedical Systems; Takeda Global Research
& Development Center, Inc& Development Center, Inc

Mobile units Mobile units 
Coronary Artery Calcium (CAC) score, Carotid Coronary Artery Calcium (CAC) score, Carotid IntimaIntima--Media Thickness (IMT), Media Thickness (IMT), 

atherosclerotic plaque, Ankle Brachial Index (ABI), and presenceatherosclerotic plaque, Ankle Brachial Index (ABI), and presence of of 
Abdominal Aortic Aneurysm (AAA)Abdominal Aortic Aneurysm (AAA)

BioImageBioImage Study: A Clinical Study of Burden of Study: A Clinical Study of Burden of 
Atherosclerotic Disease in an AtAtherosclerotic Disease in an At--Risk PopulationRisk Population

Biomarkers, Biomarkers, RNA expression profiling, RNA expression profiling, 
and candidate gene analysis or genome wide scanning. and candidate gene analysis or genome wide scanning. 



500 pts multicenter500 pts multicenter

PI: Peter StonePI: Peter Stone
Sponsor: Boston ScientificSponsor: Boston Scientific

11--vessel imagingvessel imaging
The study will examine abnormalities of coronary The study will examine abnormalities of coronary 

blood flow by fusing coronary angiography and blood flow by fusing coronary angiography and 
intravascular ultrasound.intravascular ultrasound.

The PREDICTION TrialThe PREDICTION Trial
Prediction of Vascular and Clinical Outcomes by Intracoronary VaPrediction of Vascular and Clinical Outcomes by Intracoronary Vascular Profiling Studyscular Profiling Study



700 pts with ACS700 pts with ACS

PI: Gregg W. Stone, CoPI: Gregg W. Stone, Co--PI: Patrick W. PI: Patrick W. SerruysSerruys
Sponsor: Abbott Vascular; Partner: VolcanoSponsor: Abbott Vascular; Partner: Volcano

33--vessel imaging post PCIvessel imaging post PCI

Angiography (QCA of entire coronary tree), IVUS, Angiography (QCA of entire coronary tree), IVUS, 
VirtVirtual ual histohistologylogy, , PalpographyPalpography

BiomarkersBiomarkers
--Hs CRPHs CRP
--ILIL--66
--sCD40LsCD40L
--MPOMPO
--TNFTNFαα
--MMP9MMP9
--LpLp--PLA2PLA2
--othersothers

MSCTMSCT
SubstudySubstudy
N=50N=50--100100

The PROSPECT TrialThe PROSPECT Trial



800 pts with ACS/Non800 pts with ACS/Non--ACSACS
ThoraxcenterThoraxcenter

PI: Patrick W. PI: Patrick W. SerruysSerruys
Sponsor: EU Grant Partner: VolcanoSponsor: EU Grant Partner: Volcano

11--2 vessel imaging post PCI2 vessel imaging post PCI

Angiography (QCA of entire coronary tree), IVUS, Angiography (QCA of entire coronary tree), IVUS, 
VirtVirtual ual histohistology, logy, NIR spectroscopyNIR spectroscopy

BiomarkersBiomarkers
--Hs CRPHs CRP
--ILIL--66
--sCD40LsCD40L
--MPOMPO
--TNFTNFαα
--MMP9MMP9
--LpLp--PLA2PLA2
--OthersOthers……..

Several EUSeveral EU
UniversityUniversity
HospitalsHospitals

The ATHEROREMO StudyThe ATHEROREMO Study



600 pts with ACS/Non600 pts with ACS/Non--ACSACS
ThoraxcenterThoraxcenter

PI: Patrick W. PI: Patrick W. SerruysSerruys
Sponsor: Sponsor: InfraReDxInfraReDx

11--2 vessel imaging post PCI2 vessel imaging post PCI

Angiography (QCA of entire coronary tree), IVUS,Angiography (QCA of entire coronary tree), IVUS,
NIR spectroscopyNIR spectroscopy

BiomarkersBiomarkers
--Hs CRPHs CRP
--ILIL--66
--sCD40LsCD40L
--MPOMPO
--TNFTNFαα
--MMP9MMP9
--LpLp--PLA2PLA2
--OthersOthers……..

The Vulnerable Plaque Patient StudyThe Vulnerable Plaque Patient Study



J Am Coll Cardiol Img 2009;2:473– 82



Some people think that only Little…



Background 1: Acute Myocardial Background 1: Acute Myocardial 
Infarctions Evolve Most Frequently From Infarctions Evolve Most Frequently From 

Plaques With Mild to Moderate ObstructionPlaques With Mild to Moderate Obstruction
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E Falk, PK Shah, V Fuster. Circulation 1995;92:657

Inclusion criterion: FFR>0.75
<50%
50-70%
>70%



FT

b c1. 3 consecutive frames with
three characteristics

2. Necrotic core ≥10%

3. In direct contact with the lumen

4. Plaque burden >40%

FF

NC
DC

Background 2: TICFA, a theoretical precursor of Background 2: TICFA, a theoretical precursor of 
plaque rupture maybe detected invasively by plaque rupture maybe detected invasively by 
IVUSIVUS--VH according to the following criteria:VH according to the following criteria:

Rodriguez-Granillo GA,Garcia-Garcia HM, Serruys P W. J Am Coll Cardiol 2005;46:20382005;46:2038--4242

Garcia-Garcia HM, Serruys PW et al. Eurointervention 2006;2:338-344.

FIBROTICFIBROTIC

FIBROFATTYFIBROFATTY

NECROTIC CORENECROTIC CORE

DENSE CALCIUMDENSE CALCIUM



LP

PB 55.8%;  NC 22% Cap thickness 40 microns

Background 3: OCT enables to measure accurately fibrous 
cap thickness, increases accuracy of detecting TCFAs and 

allows to identify plaque rupture



Eur Heart J. 2008 Apr 7 

Total 126 lesions

IVUS -derived -TCFA 61 (48.4%)

-

non -thin-cap      
IVUS -derived - TCFA 

33 (26.2%)

VH IVUS examination OCT examination

OCT -derived -TCFA 36 (28.6%)

non -NCCL     
OCT -derived -TCFA 

8 (6.3%)

Total 126 lesions

- -TCFA 61 (48.4%)

definite TCFA 28 (22.2%)

non -thin-
-derived

33 (26.2%)

OCT examination

- -TCFA 36 (28.6%)

non -NCCL     
OCT -derived -TCFA 

8 (6.3%)

Background 3: OCT enables to measure accurately fibrous 
cap thickness, increases accuracy of detecting TCFAs and 

allows to identify plaque rupture



SOFT

• High strain =
deformable

Schaar et al. Circulation

macrophage

No collagen

• Low strain = rigid

Background 4: Palpography detects high-strain spot 
which has been proven to be TICFA associated



Schaar et al. Circulation 2003 Nov 25;108(21):2636-41

Background 4: Palpography detects high-strain spot 
which has been proven to be TICFA associated



Pre-stenting Post-stenting 6-month 24-month 

Background 5: Disappearance of high-strain spot after 
scaffolding by stent, the Absorb experience and 

sequestration of the necrotic core by a de novo fibrotic cap



Pre-stenting Post-stenting 6-month 24-month 

Background 5: Disappearance of high-strain spot after 
scaffolding by stent, the Absorb experience and 

sequestration of the necrotic core by a de novo fibrotic cap



What is done now:

All-comers 
with stable or 

unstable
angina 

QCA>50%
or 

QCA 40-50% 
with 

FFR<0.75

QCA
Stent 
implantation
To treat the 
culprit lesion

Intermediate 
QCA 40-50% 
lesion

SECRITT

FFR> 0.75

RANDOMIZATION
Based on on-line 
IVUS-VH, OCT and 
Palpography

V-shield 
STENT
N=15

SECRITT Trial I decision algorithm: 
Randomized trial to detect and treat high-risk plaque 

Medical 
therapy
N=15

47 patients have been screened.
So far, 8 patients meeting FFR/IVUS-VH enrolled 
(5 randomized to “Shield” and 3 randomized to 
control); with one patient crossing over from 
control to v-shield arm



V-Shield : Self-expanding Nitinol scaffold with thin struts 
(56 micron) and 6F compatible

*This product is currently under development and is not approved for sale or use.



Radial Resistive Force (RRF) – Force 
the Shield exerts to resist the recoil 
of the plaque and vessel wall 

(crush resistance)

Chronic Outward Force (COF) -
Force the Shield exerts on the 
plaque and vessel wall 

(dilation force)

V-Shield : Self-expanding Shield Forces
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Shield 10g  2.75  
(2.5-3.0)

Radius 3.0  
(2.75-3.25)

Radius 3.5  
(3.25-3.75)

Radius 4.0  
(3.75-4.25)

Wallstent 4.0  
(3.75-4.25)

m
m
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g

= RRF
= COF

Balloon Expandable Stent > 1000 
mmHg (20psi) 

High crush resistance/chronic outward force ratio

Testing performed on MSI tester May 2007

V-Shield : RRF & COF



24

CV18925 107 
RCA mid Shield

CV18932 114 
LAD mid BMS CrCo

CV18928 110
RCA mid DES CrCo

Granada JF, 
Kaluza GL, 
Kolodgie F, 
Virmani R

V-Shield : Chronic Feasibility Histology



Case 1: History and Initial Angiography

64 year old 64 year old 

class II anginaclass II angina

coronary risk factors:coronary risk factors:

•• past smoking past smoking 

•• high cholesterolhigh cholesterol

•• hypertensionhypertension

FlowFlow--limiting lesion in limiting lesion in 
LCxLCx

Non flowNon flow--limiting lesion limiting lesion 
(40% diameter (40% diameter 
stenosisstenosis) with FFR of ) with FFR of 
0.84 in the LAD0.84 in the LAD

•• ((RamcharitarRamcharitar, S et al.,  2008 in press), S et al.,  2008 in press)
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Case 2. 081692. LCX. Control

Remodeling Index>1.05 % Plaque Burden Area: 
71%
Necrotic core % area in 
contact: >10% 

OCT cap: 60 micron; 
no rupture       

Case 1: Pre-randomization IVUS, IVUS-VH and OCT



Case 1: Shield deployment 1



Case 1: Shield positioning



Case 1: Shield Unsheathing



Case 1: Shield post deployment



Case 1: Final angiogram after post dilation at 6 atm



Case 1. OCT M4 pullbacks pre and post 
stenting showing enlargement of luminal 

area with well apposed struts



Carpet view of palpography
pre and post shielding



6 months follow up on the 
first shielded patient



QCA at 6 months follow up

MLD 2.84 mm
%DS 23%
Ref D 3.68 mm



6-month FUP 
IVUS, IVUS-VH 

and OCT

. . .

Mean NI 
Thickness  

320 μ

Mean NI 
Thickness 

240μ

Mean NI 
Thickness 

220 μ



MSCT – 50 micron nitinol struts 
make the shield evaluable non-invasively

1                    2                      3

4 5                      6

7                   8                       10

1

Ca++



Colocalization of MSCT and OCT within the nitinol shield stent at 6 months
post-implantation, showing good stent patency and blooming artefact from
distal markers as well as calcification.(Core lab Cardialysis)



Conclusions
• This is the first trial of localized 

therapy for vulnerable plaque/TCFA
• The first patient controlled at 6 

months shows a thin de Novo 
neointima cap by OCT

• Stent appears evaluable by non-
invasive MSCT

• There have been no adverse events so 
far in 5 patients shielded


