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Aims The ongoing Olpasiran Trials of Cardiovascular Events and Lipoprotein(a) Reduction [OCEAN(a)]-Outcomes trial is evalu-
ating whether Lp(a) lowering can reduce the incidence of cardiovascular events among patients with prior myocardial in-
farction (MI) or percutaneous coronary intervention (PCl) and elevated Lp(a) (=200 nmol/L). The purpose of this study
is to evaluate the association of elevated Lp(a) with cardiovascular outcomes in an observational cohort resembling the
OCEAN(a)-Outcomes trial main enrolment criteria.

Methods This study included patients aged 18-85 years with Lp(a) measured as part of their clinical care between 2000 and 2019.
and results While patients were required to have a history of Ml, or PCI, those with severe kidney dysfunction or a malignant neoplasm
were excluded. Elevated Lp(a) was defined as >200 nmol/L consistent with the OCEAN(a)-Outcomes trial. The primary
outcome was a composite of coronary heart disease death, Ml, or coronary revascularization. Natural language processing
algorithmes, billing and ICD codes, and laboratory data were employed to identify outcomes and covariates. A total of 3142
patients met the eligibility criteria, the median age was 61 (IQR: 52—73) years, 28.6% were women, and 12.3% had elevated
Lp(a). Over a median follow-up of 12.2 years (IQR: 6.2—14.3), the primary composite outcome occurred more frequently
in patients with versus without elevated Lp(a) [46.0 vs. 38.0%, unadjHR = 1.30 (95% Cl: 1.09-1.53), P = 0.003]. Following
adjustment for measured confounders, elevated Lp(a) remained independently associated with the primary outcome

[adjHR = 1.33 (95% Cl: 1.12-1.58), P = 0.001].

Conclusion In an observational cohort resembling the main OCEAN(a)-Outcomes Trial enrolment criteria, patients with an Lp(a) >200
nmol/L had a higher risk of cardiovascular outcomes.

Keywords Coronary artery disease ® Lipoprotein(a) ® Olpasiran ® Cardiovascular outcomes

* Corresponding author. Tel: +1 (857) 307 1989, Email: rblankstein@bwh.harvard.edu

© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com


https://orcid.org/0000-0001-7316-1882
https://orcid.org/0000-0002-0724-9779
https://orcid.org/0000-0002-0177-2091
https://orcid.org/0000-0001-5376-2269
https://orcid.org/0000-0002-1278-6245
https://doi.org/10.1093/ehjopen/oead080
mailto:rblankstein@bwh.harvard.edu
https://creativecommons.org/licenses/by-nc/4.0/

A. Shiyovich et al.

Introduction

Lipoprotein(a) [Lp(a)] is a presumed causal independent risk factor for
atherosclerotic cardiovascular disease (ASCVD) in both the general
population? and among those with prior coronary artery disease
(CAD).>* This has prompted the development of new targeted treat-
ments that effectively lower Lp(a). Olpasiran is a small interfering RNA
molecule that significantly reduces Lp(a) production in hepatocytes.
The recent OCEAN(a)-DOSE trial demonstrated that olpasiran signifi-
cantly reduced Lp(a) concentrations in patients with established
ASCVD.® As a result, the ongoing Olpasiran Trials of Cardiovascular
Events and Lipoprotein(a) Reduction [OCEAN(a)]-Outcomes trial is
evaluating whether Lp(a) lowering can reduce the incidence of cardio-
vascular (CV) events among patients with prior myocardial infarction
(M) or percutaneous coronary intervention (PCl) and elevated Lp(a)
(>200 nmoI/L).6 We aimed to evaluate the association of elevated
Lp(a) with CV outcomes in an observational cohort resembling the
OCEAN(a)-Outcomes trial main enrolment criteria.

Methods
Study population

The study population was derived from a large retrospective Lp(a) registry
from two large academic medical centers in Boston, MA (Brigham and
Women’s Hospital and Massachusetts General Hospital). The design of
the Mass General Brigham (MGB) Lp(a) Registry has been previously de-
scribed.” The registry included patients aged >18 years with Lp(a) mea-
sured as part of their clinical care between 2000 and 2019. To simulate
the OCEAN(a)-Outcomes trial, patients were included in this analysis if
they had a history of Ml or PCl. We excluded patients with severe kidney
dysfunction (estimated glomerular filtration rate < 15 mL/min/m?), those
with a renal transplant, or those on dialysis. Finally, individuals with a

malignant neoplasm were excluded. The MGB Institutional Review Board
approved the study protocol.

Lipoprotein(a) assays

Lipoprotein(a) [Lp(a)] values were extracted from MGB data repositories.
All Lp(a) laboratory testing was performed as part of clinical care at com-
mercial laboratories using locally available assays. Patients underwent test-
ing with either the Lp(a)-particle assay (measured in nmol/L) or the
Lp(a)-mass assay (measured in mg/dL). All Lp(a) results reported in mg/
dL were converted to nmol/L using the following conversion formula
Lp(a) nmol/L = (2.18xLp(a) mg/dL)—3.83.57 Percentile distributions were
established separately for each assay to mitigate the potential biases result-
ing from variations in Lp(a) testing methods during the study period. Lp(a)
percentile groups were then aggregated across different assay types.
Elevated Lp(a) was defined as>200 nmol/L (>93.5 mg/dL) consistent
with the OCEAN(a)-Outcomes trial inclusion criteria.

Risk factors and baseline characteristics

The primary data source for this registry was the Research Patient Data
Registry (RPDR),” a centralized data registry at MGB. To determine the
presence of CV risk factors in each individual, validated natural language
processing (NLP) modules,'® laboratory data, as well as International
Classification of Diseases (ICD)-9, ICD-10, and Current Procedural
Terminology codes were utilized, as previously described.” The baseline
covariate assessment period encompassed 12 months before and 30 days
after the Lp(a) test date. For individuals with multiple Lp(a) tests, the base-
line covariate assessment period was assigned to the first test.
Hyperlipidaemia was defined as treatment with a cholesterol-lowering
medication, having a diagnosis of dyslipidemia, or having any of the following
laboratory abnormalities during the baseline covariate period: (i) total chol-
esterol >240 mg/dL, (ii) low density lipoprotein cholesterol >160 mg/dL,
(iif) HDL cholesterol <40 mg/dL (males), (iv) HDL cholesterol <50 mg/dL
(females), or total triglycerides >175 mg/dL.
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Figure 1 Cumulative incidence for the primary composite outcome of coronary heart disease, myocardial infarction, or coronary revascularization

by level of Lp(a).



CV outcomes in patients with CAD and elevated Lp(a)

Table 1

Hazard ratio for secondary cardiovascular outcomes associated with Lipoprotein(a) > 200 vs. <200 nmol/L

Secondary outcome

HR
Ml 141
Ischaemic stroke 1.19
Coronary revascularization 140
CHD death 140
CHD death and Ml 1.31
CV death 127
CV death, M, and ischaemic stroke 127
CV death, MI, ischaemic stroke, and coronary revascularization 126
All-cause mortality 1.04

Unadjusted Adjusted

95% CI P-value HR 95% CI P-value
(1.12-1.78) 0.004 140 (1.11-1.78) 0.005°
(0.83-1.72) 0.336 1.13 (0.77-1.66) 0.536°
(1.13-1.72) 0.002 142 (1.14-1.75) 0.001°
(1.07-1.83) 0.013 152 (1.16-2.01) 0.003¢
(1.08-1.60) 0.007 135 (1.10-1.66) 0.004°
(1.02-1.58) 0.029 139 (1.10-1.74) 0.005°
(1.07-1.51) 0.005 131 (1.09-1.56) 0.003°
(1.08-1.47) 0.003 129 (1.10-1.51) 0.002°
(0.89-1.22) 0.622 1.10 (0.93-1.30) 0.255%

Bold text indicates statistical significance at an alpha level of 0.05.

Cl, confidence interval; CHD, coronary heart disease; CV, cardiovascular; HR, hazard ratio; M|, myocardial infarction.
*Adjusted for: Age, sex, hypertension, hyperlipidaemia, diabetes mellitus, chronic kidney disease, and smoking.

®Adjusted for: Age and sex.

“Adjusted for: Age, sex, hypertension, hyperlipidaemia, diabetes mellitus, and chronic kidney disease.

Outcomes

The primary outcome was a composite of death from coronary heart disease
(CHD), MI, or coronary revascularization. Secondary outcomes included: (i) Ml,
i) ischaemic stroke, (iii) coronary revascularization, (iv) CHD mortality, (v) CV
mortality, (vi) all-cause mortality, (vii) composite: CHD mortality and M, (viii)
composite: CV mortality, Ml and ischaemic stroke, (ix) composite: CV mortal-
ity, Ml, ischaemic stroke and coronary revascularization. The diagnosis of acute
Ml and acute ischaemic stroke (non-hemorrhagic) relied on a diagnostic ICD
code in the primary hospital discharge position. Coronary revascularization
was identified using a combination of ICD diagnostic and procedural codes.

To ascertain the cause of death for patients who were reported as de-
ceased, the National Death Index (NDI) and the Massachusetts Office of
Vital Statistics were searched. The underlying and proximal causes of death
during the study follow-up period were determined by analysing the
ICD-10 codes associated with each deceased patient.

Statistical analysis

Comparisons were made with ¢ or Fisher’s exact tests for categorical variables
and with Student t-tests or Mann—Whitney U-(Wilcoxon) tests for continuous
variables, as appropriate. Kaplan—Meier survival curves were compared using
the log-rank tests. Cox proportional hazard regressions were used to assess
the association of Lp(a) groups on outcomes and obtain corresponding un-
adjusted and adjusted hazard ratios and 95% confidence intervals.

Results

A total of 3142 patients met the established eligibility criteria. Among this
group, the median age was 61 [interquartile range (IQR): 52—73] years,
28.6% were women, and 12.3% had elevated Lp(a). Patients with elevated
Lp(a), vs. non-elevated Lp(a), were more likely to be women (37.6% vs.
27.3%, P<0.001) and to have hyperlipidaemia (90.2% vs. 86.0%, P=
0.024). The proportion of patients receiving statin therapy was similar be-
tween the two groups (90.7% vs. 88.9%, P = 0.294), whereas patients with
elevated Lp(a) had a higher prevalence of non-statin lipid-lowering therap-
ies (24.9% vs. 14.4%, P < 0.001). Over a median follow-up of 12.2 years
(IQR: 6.2-14.3), the primary composite outcome occurred more fre-
quently in patients with vs. without elevated Lp(a) [46.0% vs. 38.0%, haz-
ard ratio (HR) = 1.30 (95% confidence interval (Cl): 1.09-1.53), P = 0.003;
Figure 1]. Following adjustment for measured confounders (age, sex,
hypertension, hyperlipidaemia, diabetes mellitus, chronic kidney disease,
and smoking), elevated Lp(a) remained independently associated with
the primary outcome [adjHR=1.33 (95%Cl: 1.12-1.58), P=0.001].

Elevated Lp(a) was also associated with increased risk for all secondary
outcomes except ischaemic stroke and all-cause mortality (Table 7).

Discussion

In an observational cohort of patients with prior Ml or PCl—thus, re-
sembling the main OCEAN(a)-Outcomes Trial enrolment criteria—
those with Lp(a) > 200 nmol/L had a higher long-term risk of the pri-
mary composite outcome, as well as individual and secondary compos-
ite outcomes such as MI, coronary revascularization, and CV mortality.

These results are consistent with previous studies indicating that in-
creased Lp(a) levels are associated with worse outcomes among pa-
tients with previous CAD>* Furthermore, the study supports the
selection criteria of the OCEAN(a)-Outcomes Trial and underscores
the importance of examining the impact of treatments that aim to low-
er CV risk by reducing Lp(a) levels in this patient population.

This study has limitations, including its retrospective design, potential
selection bias, and enrolment of patients from a single geographic re-
gion, which could result in reduced generalizability. VWe utilized various
Lp(a) assays and the conversion formula employed to change mg/dL to
nmol/L may not be precise. Nevertheless, our results reinforce the im-
portance of the ongoing OCEAN(a)-Outcomes Trial and suggest that
lowering Lp(a) may impact numerous different CV endpoints.

Lead author biography

Dr. Arthur Shiyovich is an advanced CV
imaging fellow at the Brigham and
Women's Hospital and Harvard
Medical School in Boston, MA. He com-
pleted his training in Internal Medicine
and Cardiology at the Rabin Medical
Center in Tel-Aviv, Israel. Following his
training, he stayed as a senior cardiolo-
gist at Rabin Medical Center and was ap-
pointed as an assistant professor in the
Faculty of Medicine at Tel-Aviv
University. His research focuses on the
use of CV imaging for CAD and struc-
tural heart disease, as well as novel methods for improved risk assess-
ment in CV disease. Dr. Shiyovich has authored over 100 publications



A. Shiyovich et al.

and serves as a reviewer and an editor in several medical journals in the
field of CV medicine.

Data availability

The raw data that underlie the findings of this study cannot be shared at this
time due to legal/ ethical reasons. However, interested parties may contact
the authors to inquire about accessing the data.

Funding

The study was funded, in part, by Amgen Inc.

Conflict of interest: | .N.B., ] A.G.L,and S.T.K.: employees and stock-
holders of Amgen Inc. B.W.: Scientific Advisory Board: Kiniksa, Horizon
Therapeutics, and Novo Nordisk. C.C. reports in calendar years 2021-
23: Research grants from: Amgen, Better Therapeutics, Boehringer-
Ingelheim (Bl), Daiichi Sankyo, Merck, Novo Nordisk, and Pfizer.
Consulting fees from Amryt/Chiesi, Alnylam, Amarin, Amgen, Applied
Therapeutics, Ascendia, Biogen, Bl, BMS, CSL Behring, Eli Lilly,
Janssen, Lexicon, Merck, Milestone, Pfizer, Rhoshan, Sanofil serve on
Data and Safety Monitoring Boards for the Applied Therapeutics,
Areteia, and Novo Nordisk. J.LJ. is a trustee of the American College
of Cardiology; is a board member of Imbria Pharmaceuticals; is a direct-
or at Jana Care; has received grant support from Abbott, Applied
Therapeutics, HeartFlow, Innolife, and Roche Diagnostics; has received
consulting income from Abbott, Beckman, Boehringer Ingelheim,
Bristol Myers Squibb, Janssen, Merck, Novartis, Pfizer, Roche
Diagnostics, and Siemens; and participates in clinical endpoint commit-
tees/Data Safety Monitoring Boards for Abbott, AbbVie, CVRXx,
Intercept, and Takeda. M.F.D.C.: grant support from Amgen. D.L.B. dis-
closes the following relationships—Advisory Board: Angiowave, Bayer,
Boehringer Ingelheim, CellProthera, Cereno Scientific, Elsevier Practice
Update Cardiology, High Enroll, Janssen, Level Ex, McKinsey, Medscape
Cardiology, Merck, MyoKardia, NirvaMed, Novo Nordisk, PhaseBio,
PLx Pharma, Stasys; Board of Directors: American Heart Association
New York City, Angiowave (stock options), Bristol Myers Squibb
(stock), DRS.LINQ (stock options), High Enroll (stock); consultant:
Broadview Ventures, Hims, SFJ, Youngene; Data Monitoring
Committees: Acesion Pharma, Assistance Publique-Hépitaux de
Paris, Baim Institute for Clinical Research (formerly Harvard Clinical
Research Institute, for the PORTICO trial, funded by St. Jude
Medical, now Abbott), Boston Scientific (Chair, PEITHO trial),
Cleveland Clinic, Contego Medical (Chair, PERFORMANCE 2), Duke
Clinical Research Institute, Mayo Clinic, Mount Sinai School of
Medicine (for the ENVISAGE trial, funded by Daiichi Sankyo; for the
ABILITY-DM trial, funded by Concept Medical; for ALLAY-HF, funded
by Alleviant Medical), Novartis, Population Health Research Institute;
Rutgers University (for the NIH-funded MINT Trial); Honoraria:
American College of Cardiology (Senior Associate Editor, Clinical
Trials and News, ACC.org; Chair, ACC Accreditation Oversight
Committee), Arnold and Porter law firm (work related to Sanofi/
Bristol-Myers Squibb clopidogrel litigation), Baim Institute for Clinical
Research (formerly Harvard Clinical Research Institute; RE-DUAL
PCI clinical trial steering committee funded by Boehringer Ingelheim;
AEGIS-II executive committee funded by CSL Behring), Belvoir
Publications (Editor in Chief, Harvard Heart Letter), Canadian
Medical and Surgical Knowledge Translation Research Group (clinical
trial steering committees), CSL Behring (AHA lecture), Cowen and
Company, Duke Clinical Research Institute (clinical trial steering com-
mittees, including for the PRONOUNCE trial, funded by Ferring
Pharmaceuticals), HMP Global (Editor in Chief, Journal of Invasive
Cardiology), Journal of the American College of Cardiology (Guest Editor;
Associate Editor), K2P (Co-Chair, interdisciplinary curriculum), Level

Ex, Medtelligence/ReachMD (CME steering committees), MJH Life
Sciences, Oakstone CME (Course Director, Comprehensive Review
of Interventional Cardiology), Piper Sandler, Population Health
Research Institute (for the COMPASS operations committee, publica-
tions committee, steering committee, and USA national co-leader,
funded by Bayer), WebMD (CME steering committees), Wiley (steer-
ing committee); Other: Clinical Cardiology (Deputy Editor); Patent:
Sotagliflozin (named on a patent for sotagliflozin assigned to Brigham
and Women'’s Hospital who assigned to Lexicon; neither | nor
Brigham and Women’s Hospital receive any income from this patent);
Research Funding: Abbott, Acesion Pharma, Afimmune, Aker
Biomarine, Alnylam, Amarin, Amgen, AstraZeneca, Bayer, Beren,
Boehringer Ingelheim, Boston Scientific, Bristol-Myers Squibb,
Cardax, CellProthera, Cereno Scientific, Chiesi, CinCor, Cleerly, CSL
Behring,  Eisai, Ethicon, Faraday Pharmaceuticals, Ferring
Pharmaceuticals, Forest Laboratories, Fractyl, Garmin, HLS
Therapeutics, Idorsia, Ironwood, Ischemix, Janssen, Javelin, Lexicon,
Lilly, Medtronic, Merck, Moderna, MyoKardia, NirvaMed, Novartis,
Novo Nordisk, Otsuka, Owkin, Pfizer, PhaseBio, PLx Pharma,
Recardio, Regeneron, Reid Hoffman Foundation, Roche, Sanofi,
Stasys, Synaptic, The Medicines Company, Youngene, 89Bio;
Royalties: Elsevier (Editor, Braunwald’s Heart Disease); Site Co-
Investigator: Abbott, Biotronik, Boston Scientific, CSI, Endotronix, St.
Jude Medical (now Abbott), Philips, SpectraWAVE, Svelte, Vascular
Solutions; Trustee: American College of Cardiology; Unfunded
Research: FlowCo. RB. has received research support from Amgen
Inc., Novartis Inc., and Beren Therapeutics, and has served as a consult-
ant/advisory board for Caristo Inc., Elucid Inc., HeartFlow Inc., Nanox
Al, and Beren Therapeutics. AS., AN.B, SAB, DW.B, DMH, and
K.N.: none.

References
1. Thomas PE, Vedel-Krogh S, Kamstrup PR, Nordestgaard BG. Lipoprotein(a) is linked to
atherothrombosis and aortic valve stenosis independent of C-reactive protein. Eur
Heart | 2023;44:1449-1460.

. Waldeyer C, Makarova N, Zeller T, Schnabel RB, Brunner FJ, Jergensen T, Linneberg A,
Niiranen T, Salomaa V, Jousilahti P, Yarnell J, Ferrario MM, Veronesi G, Brambilla P,
Signorini SG, lacoviello L, Costanzo S, Giampaoli S, Palmieri L, Meisinger C, Thorand
B, Kee F, Koenig W, Ojeda F, Kontto J, Landmesser U, Kuulasmaa K, Blankenberg S.
Lipoprotein(a) and the risk of cardiovascular disease in the European population: results
from the BiomarCaRE consortium. Eur Heart | 2017;38:2490-2498.

. O’Donoghue ML, Fazio S, Giugliano RP, Stroes ESG, Kanevsky E, Gouni-Berthold |, Im K,

Lira Pineda A, Wasserman SM, Ceska R, Ezhov MV, Jukema WV, Jensen HK, Tokgézoglu

SL, Mach F, Huber K, Sever PS, Keech AC, Pedersen TR, Sabatine MS. Lipoprotein(a),

PCSK?9 inhibition, and cardiovascular risk. Circulation 2019;139:1483-1492.

Zhang H, Zhang Y, Tian T, Wang T, Chen J, Yuan , Qian J, Hu F, Dou K, Qiao S, Wu Y,

Guan C, Xu B, Yang W, Song L. Association between lipoprotein(a) and long-term out-

comes after percutaneous coronary intervention for lesions with in-stent restenosis. |

Clin Lipidol 2023.

. O’'Donoghue ML, Rosenson RS, Gencer B, Lépez JAG, Lepor NE, Baum §), Stout E,
Gaudet D, Knusel B, Kuder JF, Ran X, Murphy SA, Wang H, Wu Y, Kassahun H,
Sabatine MS; OCEAN(a)-DOSE Trial Investigators. Small interfering RNA to reduce li-
poprotein(a) in cardiovascular disease. N Engl | Med 2022;387:1855-1864.

. https://clinicaltrials.gov/ct2/show/NCT05581303

Berman AN, Biery DW, Ginder C, Hulme OL, Marcusa D, Leiva O, Wu WY, Singh A,

Divakaran S, Hainer J, Turchin A, Januzzi L, Natarajan P, Cannon CP, Di Carli MF, Bhatt

DL, Blankstein R. Study of lipoprotein(a) and its impact on atherosclerotic cardiovascu-

lar disease: design and rationale of the mass general Brigham Lp(a) registry. Clin Cardiol

2020;43:1209-1215.

. Langsted A, Kamstrup PR, Nordestgaard BG. High lipoprotein(a) and high risk of mor-
tality. Eur Heart | 2019;40:2760-2770.

. Madsen CM, Kamstrup PR, Langsted A, Varbo A, Nordestgaard BG.
Lipoprotein(a)-lowering by 50 mg/dL (105 nmol/L) may be needed to reduce cardiovas-
cular disease 20% in secondary prevention: A population-based study. Arterioscler
Thromb Vasc Biol 2020;40:255-266.

10. lyengar PV. Regulation of ubiquitin enzymes in the TGF-f pathway. Int | Mol Sci 2017;18:

877.

N

w

Bl

v

~N o

oo

Nl


https://clinicaltrials.gov/ct2/show/NCT05581303

	Cardiovascular outcomes in patients with coronary artery disease and elevated lipoprotein(a): implications for the �OCEAN(a)-outcomes trial population
	Introduction
	Methods
	Study population
	Lipoprotein(a) assays
	Risk factors and baseline characteristics
	Outcomes
	Statistical analysis

	Results
	Discussion
	Lead author biography
	References


