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Triglycerides, non-HDL and risk of CHD

The Emerging Risk Factors Collaboration. JAMA. 2009;302:1993-2000. 



Triglycerides and risk of CHD

Fibrate randomized trials

BIP: Circulation. 2000;102:21-27;    Field: Lancet 2005; 366: 1849–61;   VA-HIT: N Engl J Med 1999;341:410-8;   
Helsinki: N Engl J Med 1987;317:1237-45; ACCORD: N Engl J Med 2010;362:1563-74.



Triglyceride-rich lipoproteins and LDL particles

• Triglyceride-rich VLDL and their remnants particles, and LDL particles each have one apoB100

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



Boren J, Williams KJ. Curr Opin Lipidol 2016, 27:473–483.

Retention of apoB-containing lipoproteins in atherosclerosis

ASCVD: Response-to-retention



SHARP

Randomized trials of lowering LDL-C

Cholesterol Treatment Trialists Collaboration. Lancet. 2010 376:1670-81



Comparison of statin CTT and PCSK9 inhibitor trials

Sabatine MS, et al. N Engl J Med. 2017; 10.1056/NEJMoa1615664.Cholesterol Treatment Trialists Collaboration. Lancet. 2010 376:1670-81



CTT: Effect size by year of treatment

Cholesterol Treatment Trialists Collaboration. Lancet. 2010 376:1670-81



Effect of statins by total duration of treatment

Ference BA, et al. Eur Heart J. 2017; DOI: 10.1093/eurheartj/ehx450 



Comparison of PCSK9 inhibitors and statins by duration of treatment

Ference BA, et al. Eur Heart J. 2017; DOI: 10.1093/eurheartj/ehx450 



Comparison of PCSK9 inhibitors and statins by duration of treatment

Ference BA, et al. Eur Heart J. 2017; DOI: 10.1093/eurheartj/ehx450 



CTT and PCSK9: Effect size by year of treatment



Ference BA, et al. EAS Consensus Statement on LDL Causality.  Eur Heart J 2017; doi: 10.1093/eurheartj/ehx144



Effect of LDL-C by magnitude and duration of exposure

Ference BA, et al. EAS Consensus Statement on LDL Causality.  Eur Heart J 2017; doi: 10.1093/eurheartj/ehx144



Meta-Analysis of Various Methods to Lower LDL-C

Silverman MG, et al. JAMA 2016;316:1289-1297. 



Accelerate Trial

Lincoff AM, et al. N Engl J Med. 2017; 376:1933-1942.

0.75 mmol/L reduction in LDL-C

CV death, MI or stroke



Dose response of genetic CETP inhibition and CHD risk 

Odds Ratio

Ference BA, et al. JAMA. 2017; 318(10):947-956



CETP, PCSK9, HMGCR & NPC1L1 genetic scores

Ference BA, et al. JAMA. 2017; 318(10):947-956



Reconciling discordance between CETP MR studies and RCTs

CETPi v. Placebo CETPi + statin v. statin monotherapy



Naturally randomized trial of CETP & HMGCR

• 2x2 factorial Mendelian randomization study

Ference BA, et al. JAMA. 2017; 318(10):947-956



Naturally randomized trial of CETP & HMGCR

• 2x2 factorial Mendelian randomization study

Ference BA, et al. JAMA. 2017; 318(10):947-956



CETP inhibitor Δ LDL-C Δ APOB

JAMA 2011 RCT

Evacetrapib monotherapy 23% 17%

Evacetrapib + statin 22% 11%

TULIP Trial

TA-8995 monotherapy 46% 35%

TA-8995 plus statin 45% 17%

ACCELERATE

Evacetrapib + statin 37% 15%

CETP Randomized Trial Biomarker Data

Nicholls SJ et al. JAMA. 2011;306:2099             Hovingh GK, et al. Lancet 2015; 386: 452 Nicholls SJ, et al.  Late Breaking Clinical Trial. ACC 2017, Chicago



Causal effect of LDL determined by LDL-C or LDL-P (apoB)?

Ference BA, et al. JAMA. 2017; 318(10):947-956

Combined effect of CETP and HMGCR inhibition



Lincoff AM, et al. N Engl J Med 2017;376:1933-42.                                                                                                  HPS3/TIMI55–REVEAL Collaborative Group. N Engl J Med. 2017;377(13):1217-1227. 

Benefit of CETP inhibition proportional absolute apoB reduction

ACCELERATE
(cardiovascular death, MI or stroke)

REVEAL
(cardiovascular death, MI or stroke)

Biomarker Change mg/dL (%) Expected RRR Observed RRR

Beta-Quant -29 (-37%) 10.5% 3.0%

apoB -13 (-15%) 3.1% 3.0%

Biomarker Change mg/dL (%) Expected RRR Observed RRR

LDL-C (direct) -24 (-41%) 15.5% 6.3%

apoB -12 (-18%) 6.5% 6.3%



Δ Non-HDL NOT LDL-C

REVEAL trial and statin trials on non-HDL scale



APOC3, triglycerides and antisense inhibition trials 

Gaudet D, et al. N Engl J Med. 2015;373:438-447.



Gaudet D, et al. N Engl J Med. 2015;373:438-447.

Designing APOC3 ASO trials: ∆ TG, LDL-C, non-HDL-C, or apoB?



Gaudet D, et al. N Engl J Med. 2015;373:438-447.

Designing APOC3 ASO trials: ∆ TG, LDL-C, non-HDL-C, or apoB?



Directly comparing effect of lowering triglycerides and LDL-C on CHD

• Triglyceride-rich VLDL and their remnants particles, and LDL particles each have one apoB100

• Therefore, the effect of lowering triglycerides on the risk of cardiovascular events can be 
directly compared with the effect of lowering LDL-C by comparing their effects per unit 
change in apoB

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



Genetic 
Score

∆ triglycerides, 
mg/dL (95%CI)

∆ LDL-C, mg/dL 
(95%CI)

OR CHD (95% CI)
per 10 mg/dl lower apoB

LPL score
-69.9 (-68.3, -71.6)

p = 7.1x10 -1363

0.7 (0.0, 1.4)

p = 0.039

LDLR Score
-1.9 (-0.1, -3.9)

p = 0.036

-14.2 (-13.6, -14.8)

p = 1.4x10 -465

Effect of LPL and LDLR scores on lipids & CHD per unit change apoB

0.771 (0.741 - 0.802)

p = 3.9x10 -38

0.773 (0.747 - 0.801)

p = 1.1x10 -46

Effects on lipids and CHD for a common 10 mg/dL decrease in apoB-containing lipoproteins

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



Combined effect of LPL and LDLR scores on lipids & CHD

2 x 2 factorial analysis

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



Combined effect of LPL and LDLR scores on lipids & CHD

Per 10 mg/dl lower apoB

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



Effect of variants in targets of lipid lowering therapies on CHD

Per 10 mg/dl lower apoB

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



Log-linear association between changes in apoB & CHD 

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



Multivariable Mendelian randomization

Ference BA, et al. Late Breaking Clinical Trial, ESC 2018. Munich



REDUCE-IT trial, triglyceride changes and purified EPA

Bhatt Dl, et al. NEJM, 10 November 2018. DOI: 10.1056/NEJMoa1812792



REDUCE-IT trial, triglyceride changes and purified EPA

Bhatt Dl, et al. NEJM, 10 November 2018. DOI: 10.1056/NEJMoa1812792

Exposure EPA Placebo Difference

Expected 

RRR

triglycerides -39 mg/dl +4.5 mg/dL -43.5 mg/dl 6-8% 

LDL-C +2 mg/dl +7 mg/dL -5 mg/dl 3-5% 

Non-HDL -4 mg/dl +12 mg/dL -15.5 mg/dl 6-8% 

apoB -2 mg/dl +6 mg/dL -8 mg/dl 6-8% 

CRP -0.2 mg/dl +0.5 mg/dL -0.9 mg/dl 5-7% 



Conclusions 

• The causal effect of LDL and TG-rich VLDL remnant particles is 
determined by the concentration of circulating particles rather than 
by the cholesterol or triglyceride content carried by those particles

• The clinical benefit of lowering  triglycerides is ery similar to the 
clinical benefit of lowering LDL-C, for the same change in apoB-
containing lipoproteins

• The potential clinical benefit of any lipid lowering therapy should be 
proportional to the achieved absolute reduction in apoB (regardless 
of the change in LDL-C, TG or both)


