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From Gene Discovery to Clinical Trials



LDL Receptor Function and Life Cycle
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FOURIER Trial



FOURIER TRIAL

• Randomized trial of 27,564 patients with 
preexisting high risk cardiovascular 
disease.disease.

• Double blind therapy with subcutaneous  
Evolocumab ( Repatha) either 140 mg q 
2 weeks or 420 mg q month versus 
placebo injections



FOURIER TRIAL

• Patients had baseline LDL-C levels of at 
least 70 mg/dl while on statin therapy 
which was continued throughout the which was continued throughout the 
study

• 69% on high – intensity statin therapy

• The rest were on moderate – intensity  
statin therapy. 



FOURIER TRIAL

Median LDL-C level plunged from 

92 mg/dl to 30 mg/dl in Evolocumab group      
(59% reduction)(59% reduction)

One quarter of patients had LDL-C less 
than 20 mg/dl

LDL-C reductions remained durable over 
median of 26 months follow-up 



Reduction In LDL-C

Fourier Trial

59%



Reduction In Events With PCSK9 Inhibitor
Fourier Trial

CV Death, MI, CVA



FOURIER TRIAL: Results

• 15% relative risk reduction in primary 
endpoint of CV death, MI, CVA, Hosp for 
USA or coronary revascularization; 

(11.3% control vs 9.8% drug; p<0.001)(11.3% control vs 9.8% drug; p<0.001)

• 20% relative risk reduction in secondary 
endpoint of CV death, MI, CVA; 

(p<0.001 for 7.4% control vs 5.9% drug)



FOURIER TRIAL: Results

• 19% reduction of fatal and nonfatal MI 
or CVA in first 12 months

• 33% reduction of fatal and nonfatal MI 
or CVA in the subsequent months of or CVA in the subsequent months of 
follow up





FOURIER TRIAL
Conclusion







The question is whether significant lowering of the LDL-Cholesterol 
levels would affect Cholesterol levels in the brain and produce 

cognitive side effects. 
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Original Article

Inclisiran in Patients at High Cardiovascular Risk 
with Elevated LDL Cholesterol

Kausik K. Ray, M.D., Ulf Landmesser, M.D., Lawrence A. Leiter, M.D., David 
Kallend, M.D., Robert Dufour, M.D., Mahir Karakas, M.D., Tim Hall, M.D., 
Roland P.T. Troquay, M.D., Traci Turner, M.D., Frank L.J. Visseren, M.D., 

Peter Wijngaard, Ph.D., R. Scott Wright, M.D., and John J.P. Kastelein, M.D., 
Ph.D.

N Engl J Med
Volume 376(15):1430-1440

April 13, 2017



Study Overview

• Inclisiran, is a small interfering RNA that 
targets PCSK9 mRNA. It was given as a 
single injection at baseline or in two 
doses at baseline and 90 days.

• At 180 days, LDL cholesterol was significantly 
lowered among persons at high cardiovascular 
risk who had elevated levels at baseline.



Effect of Inclisiran on PCSK9 and Low-Density Lipoprotein (LDL) Cholesterol 
Levels.

PSCK9 Levels
LDL-C Levels

Ray KK et al. N Engl J Med 2017;376:1430-1440

PSCK9 Levels LDL-C Levels



Adverse Events That Occurred during Treatment through Day 210.

No Significant Differences 

Seen with Small Numbers

Ray KK et al. N Engl J Med 2017;376:1430-1440

Seen with Small Numbers



Conclusions

• In this trial, inclisiran was found to lower 
PCSK9 and LDL cholesterol levels 
among patients at high cardiovascular 
risk who had elevated LDL cholesterol 
levels.levels.

• Injections could be given once or twice 

a year.



Original Article

Closure of Patent Foramen Ovale versus Medical 
Therapy after Cryptogenic Stroke

John D. Carroll, M.D., Jeffrey L. Saver, M.D., David E. Thaler, M.D., Ph.D., 
Richard W. Smalling, M.D., Ph.D., Scott Berry, Ph.D., Lee A. MacDonald, 
M.D., David S. Marks, M.D., David L. Tirschwell, M.D., for the RESPECT 

Investigators

N Engl J Med
Volume 368(12):1092-1100

March 21, 2013



Patent Foramen Ovale:
The Risk Of Paradoxical Emboli



PFO With 
Thrombus In The Defect



The Risk Of Paradoxical Emboli:
Large Thrombus In A PFO



Primary End-Point Events in the Intention-to-Treat and As-Treated 
Cohorts.

Carroll JD et al. N Engl J Med 2013;368:1092-1100

73 %



Conclusions

• In the primary intention-to-treat analysis, there was no 
significant benefit associated with closure of a patent 
foramen ovale in adults who had had a cryptogenic 
ischemic stroke.

• However, closure was superior to medical therapy 
alone in the prespecified per-protocol and as-treated alone in the prespecified per-protocol and as-treated 
analyses, with a low rate of associated risks.



Long-term Comparison of Patent Foramen 
Ovale (PFO) Closure versus Medical 
Therapy after Cryptogenic Stroke: 

Final Results of the RESPECT Trial

Now 3 Years Later

Final Results of the RESPECT Trial

David E. Thaler, M.D., Ph.D.
Chairman of Neurology, Tufts University School of Medicine

On Behalf of RESPECT Investigators



Background

• ~25% of all ischemic strokes are “cryptogenic”1

• 34-46% of ischemic strokes occur between 18-60 years2,3

• PFO present in 40-50% of cryptogenic stroke patients4,5

• Young and middle aged patients have continued exposure 
to PFO-related recurrence risk

• No RCT has reported long-term outcomes of PFO closure • No RCT has reported long-term outcomes of PFO closure 

1 Hart et al. Lancet Neurology 2014;13:429-436.
2 Putaala et al. Stroke 2009;40:1195-1203.

3 Wolf et al. Cerebrovascular Dis 2015;40:129-135.
4 Lechat et al. NEJM 1988;318:1148-1152.

5 Webster et al. Lancet 1988;332:11-12.



RESPECT Trial

• Randomized, event-driven, open-label trial with blinded 
endpoint adjudication

• Patients randomized 1:1 to AMPLATZER PFO Occluder 
(device) vs. guideline-directed medical management 
(MM)

• 980 subjects enrolled from 2003 to 2011• 980 subjects enrolled from 2003 to 2011

• 69 sites in U.S. and Canada



Primary Endpoint

• Composite of:

� Recurrent nonfatal ischemic stroke

� Fatal ischemic stroke

� Early post-randomization death (within 45 days)

• Stroke definition:• Stroke definition:

� Acute focal neurological deficit due to cerebral 
ischemia with:

• Neuroanatomically relevant infarct on imaging

or

• Symptoms >24 hours



Patient Flow

45



Baseline Characteristics Balanced 
Between Groups

Characteristic

AMPLATZER™

PFO Occluder

(N=499)

Medical

Management

(N=481)

Age (yr), mean ± SD 48 ± 10 46 ± 10

Male 54% 56%

Hypercholesterolemia 39% 41%

Family h/o CAD 33% 33%

Hypertension 32% 32%

COPD 0.8% 1.5%

Congestive heart failure 0.6% 0%

History of DVT 4.0% 3.1%

Atrial septal aneurysm 36% 35%

Substantial shunt 50% 48%



Procedural Results and Follow-up

• Technical Success* 99.1%

• Procedural Success** 96.1%

• Mean Follow-up: 5.9 years (0-12 years)

� Device

• Mean 6.3 years; Total 3141 patient-years

� Medical Management

• Mean 5.5 years; Total 2669 patient-years

*Delivery and release of the device

**Implantation without in-hospital SAE



RESULTS



RESPECT Final Results



RESPECT Final Results



DSMB Adjudicated 
Procedure or Device Related SAEs

• No intra-procedural strokes

• No device embolization

• No device thrombosis 

• No device erosion• No device erosion

• Major vascular complications (0.9%) and device 
explants (0.4%)



Adjudicated SAEs of Interest

Event Type

AMPLATZER™ PFO

Occluder

(N=499)

[3141 Pt-Yrs]

Medical 

Management

(N=481)

[2669 Pt-Yrs]

P-value**Events Rate* Events Rate*

Atrial fibrillation 8 0.25 4 0.15 0.37

Major bleeding 18 0.57 15 0.56 0.96

* Rate expressed as number of events per 100 patient-years
**Based on the normal approximation to a difference in Poisson rates

Major bleeding 18 0.57 15 0.56 0.96

Death from any 

cause
7 0.22 11 0.41 0.21

DVT/PE 18 0.57 4 0.15 0.006



Conclusions

• In the RESPECT trial, PFO closure with the 
AMPLATZERTM PFO Occluder was more beneficial 
than medical management alone

• Collaboration between a cardiologist and neurologist 
is important for proper patient selectionis important for proper patient selection

• For patients with cryptogenic stroke and PFO, closure 
with the AMPLATZERTM PFO Occluder is an 
appropriate treatment option that reduces the risk of 
recurrent stroke



FDA Approval 10/28/16



SURTAVI

Transcather Aortic Valve Replacement ( TAVR )

Versus

Surgical Aortic Valve Replacement (SAVR)

In Intermediate Risk Patients

STS Score > 3

ACC 2017



Transcatheter Aortic Valve 
Replacement: TAVR



SURTAVI Trial
TAVR vs SAVR

• 1,746 patients at 87 centers randomized

• STS Mortality scores of > 3 and < 15 %• STS Mortality scores of > 3 and < 15 %

• Mean age = 80 years old

• 56% male



SURTAVI Trial: Results
TAVR vs SAVR

At Two Years Primary Endpoint of     
All-Cause Mortality or Disabling CVA:

*12.6% TAVR vs 14.0% SAVR  *12.6% TAVR vs 14.0% SAVR  

P < 0.005 for non-inferiority

The disabling Stroke Rates were:

* 2.6% TAVR vs 4.5% SAVR

P = NS



TAVR vs SAVR:
Issues

• Two trials showing non-inferiority of TAVR to 

SAVR in intermediate risk patients 
• (Edwards Sapien Balloon Expandable Valve and Medtronic Self -

Expanding Core Valve )Expanding Core Valve )

• AVA consistently better for TAVR

• Still do not know the longevity/ durability data 

on TAVR for patient’s living longer than 5 to 7 

years



RESOLVE Trial

• Subclinical leaflet thrombosis of 
bioprosthetic valves (TAVR and SAVR )

• 4% to 12% incidence seen• 4% to 12% incidence seen

• DAPT not effective in preventing

• Oral anticoagulation was effective in 
preventing and treating 



TAVR New Guidelines



TAVR Referral Evaluation:
2017

JACC 2017





EINSTEIN CHOICE: Trial





68%
Reduction

P < 0.001







EINSTEIN CHOICE Trial



Digoxin And Mortality in Patients 
With Atrial Fibrillation With and With Atrial Fibrillation With and 
Without Heart Failure: Does Serum 
Digoxin Concentration Matter?

Renato D. Lopes, MD, PhD, FACC
on behalf of the ARISTOTLE Investigators



Background

• Digoxin is used in ≈ 30% of patients with atrial 

fibrillation (AF) worldwide, despite the lack of 

randomized clinical trials to assess its efficacy and 

safety in this setting.1–3

• Current AF guidelines recommend digoxin for rate 

control in patients with AF with and without heart 

failure (HF).4,5failure (HF).4,5

• There are no specific recommendations about serum 

digoxin concentration monitoring in the AF guidelines.

1Allen LA, et al. J Am Coll Cardiol 2015;65:2691-8. 2Washam JB, et al. Lancet 
2015;385:2363-70. 3Granger CB, et al. N Engl J Med 2011;365:981-92. 4January CT, et al. 
Circulation 2014;130:2071-104. 5Kirchof P, et al. Eur Heart J 2016;37:2893-962.



Research Context: 
‘’A Controversial Topic’’



RandomizeRandomize
double blind, double blind, 

double dummydouble dummy
(n = 18,201)(n = 18,201)

Inclusion risk factorsInclusion risk factors
�� Age ≥ 75 years Age ≥ 75 years 
�� Prior stroke, Prior stroke, TIA, TIA, or SEor SE

�� HF or LVEF ≤ 40%HF or LVEF ≤ 40%
�� Diabetes mellitusDiabetes mellitus

�� HypertensionHypertension

Inclusion risk factorsInclusion risk factors
�� Age ≥ 75 years Age ≥ 75 years 
�� Prior stroke, Prior stroke, TIA, TIA, or SEor SE

�� HF or LVEF ≤ 40%HF or LVEF ≤ 40%
�� Diabetes mellitusDiabetes mellitus

�� HypertensionHypertension

ExclusionExclusion
�� Mechanical prosthetic valveMechanical prosthetic valve
�� Severe renal insufficiencySevere renal insufficiency
�� Need for aspirin plus Need for aspirin plus 

thienopyridinethienopyridine

ExclusionExclusion
�� Mechanical prosthetic valveMechanical prosthetic valve
�� Severe renal insufficiencySevere renal insufficiency
�� Need for aspirin plus Need for aspirin plus 

thienopyridinethienopyridine

Atrial Fibrillation with at Least One 
Additional Risk Factor for Stroke

Biomarker substudy
(n=14,892)

• Blood samples at 
Warfarin Warfarin 

(target INR 2(target INR 2––3)3)
Apixaban 5 mg oral twice dailyApixaban 5 mg oral twice daily

(2.5 mg BID in selected patients)(2.5 mg BID in selected patients)

Primary outcome: stroke or systemic embolismPrimary outcome: stroke or systemic embolism

Warfarin/warfarin placebo adjusted by INR/sham INR 
based on encrypted point-of-care testing device

Lopes RD, et al. Am Heart J 2010;159:331–9. 

Granger CB, et al. N Engl J Med 2011;365:981–92.

• Blood samples at 
baseline

• Plasma aliquots 
stored at -70ºC



Objectives

Using data from the ARISTOTLE trial, we aimed to:

• Explore the association between digoxin use and mortality

– According to serum digoxin concentration

– In patients with and without HF

• Assess the efficacy and safety of apixaban versus warfarin 

in patients taking and not taking digoxin. in patients taking and not taking digoxin. 



MAIN RESULTS
Digoxin and Mortality



Baseline Digoxin and Adjusted MortalityBaseline Serum Digoxin Concentration and 
Adjusted Mortality

<0.9 ng/mL
N=3373 (76%)

Adj. HR (95% CI):
1.00 (0.85–1.16)

P=0.956

≥0.9 to <1.2 ng/mL
N=559 (12.6%)

Adj. HR (95% CI):
1.16 (0.87–1.55)

P=0.322

≥1.2 ng/mL
N=499 (11.4%)

Adj. HR (95% CI):
1.56 (1.20–2.04)

P=0.001

Adj. HR (95% CI): 

1.09 (0.96–1.23)

P=0.191



Adjusted Mortality in New Digoxin Users  
versus Matched Controls 

Adj. HR (95% CI): 
1.78 (1.37–2.31)

P<0.001



Adjusted Mortality in New Digoxin Users versus 
Matched Controls With and Without Heart Failure

HF:
Adj. HR (95% CI):
1.58 (1.12-2.24)

P=0.01

Non-HF: 
Adj. HR (95% CI): 

2.07 (1.39-3.08)

P=0.0003



Adjusted Sudden Death in New Digoxin Users 
versus Matched Controls 

Adj. HR (95% CI): 

4.01 (1.90–8.47)

P<0.001



Conclusions

• In patients with AF currently taking digoxin, the risk 

of death is independently related to digoxin serum 

concentration and is highest in patients with 

concentrations ≥1.2 ng/mL.

• Initiating digoxin is independently associated with 

higher mortality in patients with AF, regardless of HF. 

• The benefits of apixaban over warfarin are consistent 

in digoxin users and non-users. 



Clinical Implication

• In the absence of randomized trial data showing its 

safety and efficacy, digoxin should not be prescribed 

for patients with AF, particularly if symptoms can be 

alleviated with other treatments. 

• In patients with AF already taking digoxin, monitoring 

its serum concentration may be important, targeting 

blood levels <1.2 ng/mL.blood levels <1.2 ng/mL.









COMPARE ACUTE Trial









COMPARE ACUTE Trial
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