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Research

JAMA Cardiology | Brief Report

Estimation of the Required Lipoprotein(a)-Lowering

Therapeutic Effect Size for Reduction
in Coronary Heart Disease Outcomes
A Mendelian Randomization Analysis

Claudia Lamina, PhD; Florian Kronenberg, MD; for the Lp(a)-GWAS-Consortium

IMPORTANCE Genetic and epidemiologic data suggest that lipoprotein(a) (Lp[a]) is one of the
strongest genetically determined risk factors for coronary heart disease (CHD). Specific
therapies to lower Lp(a) are on the horizon, but the required reduction of Lp(a) to translate
into clinically relevant lowering of CHD outcomes is a matter of debate.

OBJECTIVE To estimate the required Lp(a)-lowering effect size that may be associated
with a reduction of CHD outcomes compared with the effect size of low-density lipoprotein
cholesterol (LDL-C)-lowering therapies.

DESIGN, SETTING, AND PARTICIPANTS Genetic epidemiologic study using a mendelian
randomization analysis to estimate the required Lp(a)-lowering effect size for a clinically
meaningful effect on outcomes. We used the effect estimates for Lp(a) from a genome-wide
association study (GWAS) and meta-analysis on Lp(a) published in 2017 of 5 different
primarily population-based studies of European ancestry. All Lp(a) measurements were
performed in 1laboratory. Genetic estimates for 27 single-nucleotide polymorphisms on Lp(a)
concentrations were used. Odds ratios for these 27 single-nucleotide polymorphisms
associated with CHD risk were retrieved from a subsample of the CHD Exome+ consortium.

EXPOSURES Genetic LPA score, plasma Lp(a) concentrations, and observations of statin
therapies on CHD outcomes.

MAIN OUTCOMES AND MEASURES Coronary heart disease.

RESULTS The study included 13 781 individuals from the Lp(a)-GWAS-Consortium from 5
primarily population-based studies and 20 793 CHD cases and 27 540 controls from a
subsample of the CHD Exome+ consortium. Four of the studies were similar in age
distribution (means between 51 and 59 years), and 1 cohort was younger; mean age, 32 years.
The frequency of women was similar between 51% and 55%. We estimated that the required
reduction in Lp(a) effect size would be 65.7 mg/dL (95% Cl, 46.3-88.3) to reach the same
potential effect on clinical outcomes that can be reached by lowering LDL-C by 38.67 mg/dL
(to convert to millimoles per liter, multiply by 0.0259).

CONCLUSIONS AND RELEVANCE This mendelian randomization analysis estimated a required
Lp(a)-lowering effect size of 65.7 mg/dL to reach the same effect as a 38.67-mg/dL lowering
of LDL-C. However, this estimate is determined by the observed effect estimates of
single-nucleotide polymorphisms on Lp(a) concentrations and is therefore influenced by the
standardization of the Lp(a) assay used. As a consequence, calculations of the required
Lp(a)-lowering potential of a drug to be clinically effective might have been overestimated in
the past.

JAMA Cardiol. 2019;4(6):575-579. doi:10.1001/jamacardio.2019.1041
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igh lipoprotein(a) (Lp[a]) concentrations are associ-

ated with an increased risk for coronary heart dis-

ease (CHD).! The justification to develop drugs low-
ering Lp(a) concentrations requires a strong support for
causality, which came from genetic studies demonstrating that
genetic phenotypes and variants that are associated with high
Lp(a) concentrations are also associated with CHD risk.2> This
was most pronounced in patients receiving statin therapy and
low-density lipoprotein cholesterol (LDL-C) levels of 70 mg/dL
or less (to convert to millimoles per liter, multiply by 0.0259).6

Until a few years ago, no specific Lp(a)-lowering therapy
was available that only and specifically lowers Lp(a) concen-
trations. This has changed by the introduction of antisense
oligonucleotides that lower Lp(a) production by up to 90%.”
An important step for planning interventional studies with such
drugs is to estimate the required lowering of Lp(a) to effi-
ciently improve clinical outcomes. First assessments ranged
from 50 to 60 mg/dL® to more than 100 mg/dL,° to produce
similar risk reductions as observed for an LDL-C lowering of
38.67 mg/dL.

As Burgess et al® did, we used a mendelian randomization
approach to estimate the required lowering of Lp(a) that would
be expected to show the same association with CHD risk lower-
ing as a 38.67-mg/dL therapeutic reduction in LDL-C levels.

Methods

To perform a mendelian randomization analysis for Lp(a) on
CHD risk, genetic association effect estimates from single
single-nucleotide polymorphisms (SNPs) on Lp(a) were ob-
tained from our 2017 genome-wide association study meta-
analysis on Lp(a)!© in 5 primarily population-based studies
(n = 13781). Each cohort study was approved by the respon-
sible institutional review board and each participant pro-
vided written informed consent. The Lp(a) concentration was
measured centrally in 1laboratory using the same method. The
median values for Lp(a) in all studies ranged from 11 to 12 mg/dL
(except for Finnish patients who are known to have half the
concentrations of other white populations).

We used 1000-genome-imputed genotypes and re-
stricted the analysis to SNPs with a minor allele frequency of
at least 1%, therefore including only 27 of 43 SNPs reported by
Burgess et al.® Log odds ratios (ORs) for these 27 SNPs on CHD
risk were retrieved from eTable 3 in Burgess et al.® These

Estimation of the Required Lp(a)-Lowering Therapeutic Effect Size for Reduction in Coronary Heart Disease Outcmes

Key Points

Question How much would the highly atherogenic lipoprotein(a)
have to be lowered to decrease the coronary heart disease
outcomes in the same range as observed for a lowering of
low-density lipoprotein cholesterol by 38.67 mg/dL?

Findings In this mendelian randomization analysis, it was
estimated that lipoprotein(a) would have to be lowered by 65.7
mg/dL to reach the same potential effect on clinical outcomes as
lowering low-density lipoprotein cholesterol by 38.67 mg/dL.

Meaning Estimations of the required lipoprotein(a)-lowering
potential of a drug to be clinically effective might have been
overestimated in the past; this might be explained by
standardization issues of lipoprotein(a) assays.

estimates are based on a subsample of the CHD Exome+
consortium (n = 48333, including 20 793 CHD cases).

We applied multiplicative random effects models account-
ing for association between SNPs" using R package mende-
lian randomization (The R Foundation).'? The correlation ma-
trix was determined in the Cooperative Health Researchin the
Region of Augsburg (KORA-F4) study, which was part of the
genome-wide association study meta-analysis on Lp(a).!° The
required Lp(a)-lowering effect size to be comparable with are-
duction of LDL-C by 38.67 mg/dL is obtained by the formula
38.67 x log(OR for LDL-C)/log(OR for Lp[al), where OR for Lp(a)
is the estimate derived from the mendelian randomization
analysis described in this paragraph, and OR for LDL-C (in 10
mg/dL) equal to 0.855 (95% CI, 0.818-0.893) is taken from
Burgess et al.® Assuming that the proportion of short-term to
lifelong risk reduction is equal for LDL-C and Lp(a), an esti-
mate for short-term trials can be deduced from the geneti-
cally predicted estimate.

|
Results

In a first step, we confirmed the data by Burgess et al® by using
the same calculations and effect estimates from their eTable 3°
but only using those 27 common SNPs available in our data set.
We estimated an OR for CHDrisk of 0.941 for each 10 mg/dL lower
genetically predicted Lp(a), which translates to a decrease of
Lp(a) levels by 99.8 mg/dL to be comparable with an LDL-C
decrease by 38.67 mg/dL (Table). This is similar to what is re-

Table. Required Lp(a)-Lowering Effect to Reach the Same Effect of CHD Outcomes as a 38.67-mg/dL Lowering of LDL Cholesterol

Using Different Approaches

Approach and Data Source

OR for CHD Risk per 10-mg/dL

Required Lp(a)-Lowering Effect Size, mg/dL

SNPs, No. Lp(a) Estimates, Source Lower Genetically Predicted Lp(a) (95% CI)®

43 Burgess et al® 0.942 (0.933-0.951) 101.5 (71.0-137.0)
27° Burgess et al® 0.941 (0.932-0.949) 99.8 (69.8-132.4)
27° Study data 0.912 (0.899-0.925) 65.7 (46.3-88.3)

Abbreviations: CHD, coronary heart disease; LDL, low-density lipoprotein;
Lp(a), lipoprotein(a); OR, odds ratio; SNP, single-nucleotide polymorphism.
Sl conversion factor: To convert cholesterol levels to millimoles per liter,
multiply by 0.0259.

295% Cl was derived from bootstrap sampling (n = 100 000) as described
in Burgess et al.®

PSNPs that are available in both data sets from Burgess et al® and our data.

JAMA Cardiology June 2019 Volume 4, Number 6
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Figure 1. Association of LPA Variants With Lipoprotein(a) (Lp[a])
Concentration and Coronary Heart Disease (CHD) Risk

Figure 2. Estimates of Coronary Heart Disease (CHD) Risk Reduction
With Lowering of Lipoprotein(a) (Lp[a]) Concentration
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CHD per Allele, log OR (95% Cl)

@ Estimates based on our data
Estimates based on Burgess et al® [~

0 20 40 60 80
Absolute Change (95% CI) in Mean Lp(a) per Allele, mg/dL

Marginal genetic associations for each of the 27 evaluated single-nucleotide
polymorphisms (SNPs), with Lp(a) concentrations on the x-axis (denoting
absolute change in milligrams per deciliter) and CHD risk on the y-axis (log odds
ratio). For direct comparison, the data from Burgess et al® are illustrated in
orange color and our data are given in blue color. Effect sizes refer to the minor
allele and error bars give 95% confidence intervals. The lines indicate the
mendelian randomization estimates from Lp(a) on CHD risk. Black arrows show
the reduction of Lp(a) estimates exemplarily for 2 SNPs when taking our
estimates instead of the estimates from Burgess at al.® These data underline
that the higher estimates of the SNPs on Lp(a) concentrations from Burgess

et al® result in markedly lower estimates for CHD risk per 10-mg/dL lower
genetically predicted Lp(a) concentrations compared with our data.

Sl conversion factor: To convert cholesterol levels to millimoles per liter,
multiply by 0.0259.

ported in Burgess et al.® Therefore, possible differences in our
further calculations are not explained by missing these 16 SNPs.

Next, we used the effect estimates from the same 27 SNPs
for Lp(a) from our meta-analysis, which were smaller in 22 of
27 SNPs (Figure 1); 13 of them even significantly smaller. With
these data, genetically estimated lower Lp(a) levels by 10 mg/dL
were associated with an 8.8% (95% ClI, 7.5-10.1) lifetime lower
risk of CHD, whereas the short-term lower risk was calcu-
lated to be 3.7%. This corresponds to a median of 5 years of
treatment in the Cholesterol Treatment Trialists’ [CTT] trial.**
This means Lp(a) would have to be reduced by 65.7 mg/dL
(95% CI, 46.3-88.3) to be comparable with a 38.67 mg/dL re-
duction of LDL-C with respect to CHD risk (Table). This would
correspond to a CHD risk reduction over the lifetime by 45%
and by 22% over a short term (Figure 2).

|
Discussion

This mendelian randomization analysis revealed that a 65.7-
mg/dL Lp(a) lowering would be required by a specific therapy
targeting Lp(a) to reach the same potential effect on clinical out-
comes as a 38.67-mg/dL therapeutic reduction of LDL-C lev-
els. This estimate is similar to calculations from a 2018 sub-
study of Heart Protection Study 2-Treatment of HDL to Reduce
the Incidence of Vascular Events (HPS2-THRIVE), from which
arequired 50 to 60 mg/dLreduction of Lp(a) can be deducted.®

jamacardiology.com
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The solid lines provide the genetically predicted lifelong reduction of CHD risk
by varying amount of genetically caused Lp(a) reductions. The blue lines
provide data from Burgess et al® and the orange lines are based on the
estimates from our study. The dashed lines give the predicted short-term trial
estimates from both studies. The intersections of the horizontal and vertical
dotted lines illustrate the required amount of Lp(a) lowering to reach the same
effect on clinical outcomes as a 38.67 mg/dL genetically caused reduction of
LDL-C (corresponds to 45% risk reduction) or therapeutic reduction of LDL-C
derived from the CTT trial'® (corresponds to 22% risk reduction).

Sl conversion factor: To convert cholesterol levels to millimoles per liter,
multiply by 0.0259.

However, it is less pronounced compared with a 2018 study by
Burgess et al,® who used the same approach as our study. Be-
cause we also used the same effect estimates on CHD risk (based
on a subsample of the CHD Exome+ consortium, as provided
in Burgess et al®), the only difference is the data basis for effect
estimates for each of the SNPs with Lp(a) concentrations.
Burgess et al® used studies with a heterogeneous distribution
in Lp(a) concentrations and much higher median values for Lp(a)
than one would expect: the range of medians was 13.6 to 43.3
mg/dL, and the study with the highest median contributed 44%
to the entire sample. To our knowledge, such high concentra-
tions have never been observed before in a large white popu-
lation except for patients with nephrotic syndrome, who have
severe disturbances in Lp(a) metabolism, with an overproduc-
tion of Lp(a) and other lipoproteins.'*

Because the calculations for Lp(a) were associated with the
observed effect estimates of SNPs on Lp(a) concentrations, it
is likely that the estimated Lp(a)-lowering effect size is overes-
timated, possibly owing to the winner’s curse or any conse-
quence of Lp(a) measurement. Using our effect estimates from
alarge meta-analysis of almost 14 000 individuals with all mea-
surements from 1 laboratory with markedly lower Lp(a)
concentrations'© argues for a smaller reduction of Lp(a) to be
successful in terms of clinical outcomes. It might be speculated
that even lower required Lp(a)-lowering effect estimates could
be calculated if use estimates from a 2017 large population
study'® from several European countries with even lower me-
dian Lp(a) concentrations (between 4.9-10.9 mg/dL) were used.

JAMA Cardiology June2019 Volume4, Number 6
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There is no reason to believe that the absolute effects of singu-
lar SNPs on Lp(a) concentrations are always the same indepen-
dent of whether an assay measures 2 to 3 times higher absolute
values as another assay. Because the standardization of Lp(a)
assays is not yet solved sufficiently, this matter becomes even
more important.

These results have important implications for the plan-
ning of randomized clinical trials of drugs that target Lp(a) con-
centrations. First, these drugs need to have a pronounced
Lp(a)-lowering potential, which we estimated to be 65.7 mg/
dL, but more than 100 mg/dL might be an overestimate. This
is supported by a 2018 analysis from the FOURIER Trial,'®
which revealed that the PCSK9-inhibitor evolocumab was as-
sociated with reduced risk of CVD outcomes by 23% in pa-
tients with a baseline Lp(a) level greater than the median, and
by 7% in those at the median or less (P value interac-
tion = .07), although the overall median Lp(a) reduction was
only 26.9%. Second, the upcoming first trials should include
patients with Lp(a) greater than 100 mg/dL at baseline to
achieve an Lp(a) concentration less than 30 mg/dL by treat-
ment. Third, the Lp(a) assay used for identification of pa-
tients for treatment have to be well standardized to avoid an
overestimation or underestimation of Lp(a) concentrations and
thereby an inappropriate recruitment of patients.

One further central question is how a mendelian random-
ization estimate can be transferred to what might be finally ob-
served in interventional trials. The aim of Burgess et al® and our
study was “to estimate how much Lp(a) concentration must be
lowered pharmacologically to produce the same change as low-
ering LDL-C by 38.67 mg/dL with a statin.” However, this is based
on the important assumption that the lifetime risk reduction
based on genetic effects for 38.67 mg/dL of LDL-C (approximately

Estimation of the Required Lp(a)-Lowering Therapeutic Effect Size for Reduction in Coronary Heart Disease Outcmes

45% according to Burgess et al®) compared with the short-time
risk reduction based on therapeutic lowering for LDL-C by 38.67
mg/dL (approximately 22% derived from LDL-C trials'®) shows
asimilar proportion for Lp(a) as observed for LDL-C. Whether this
isindeed the case needs tobe evaluated in future outcome trials.
Finally, because an LDL-C lowering of less than 38.67 mg/dL has
beneficial effects on outcomes, even a lowering of Lp(a) less than
65.7 mg/dL might be beneficial.

Limitations

Our study has limitations. First, it is based on the assumption
that the pathophysiological effects and mechanisms of LDL-C
and Lp(a) for atherosclerosis development are similar, which
is not necessarily the case. There is some evidence that Lp(a)
has beside the atherogenic also thrombogenic properties.! Sec-
ond, the standardization of Lp(a) assays in general is not re-
solved sufficiently which is caused by the repetitive krin-
gle-1V structure of apolipoprotein(a) and the antibodies used
in the various assay. Therefore, the estimates of the SNP
effects on Lp(a) concentrations used in a mendelian random-
ization analysis will depend on the assay used and can result
in an overestimation or underestimation of the required thera-
peutical Lp(a) lowering. Both limitations are valid for this and
other studies.®°

|
Conclusions

By using a mendelian randomization analysis, we estimated
that the required reduction in Lp(a) effect would be 65.7 mg/dL
to reach the same potential effect on clinical outcomes as a
38.67 mg/dL lowering of LDL-C.
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