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Abstract

Lipoprotein(a) [Lp(a)] is independently associated with atherosclerotic cardiovascular dis-
ease and calcific aortic valve stenosis. Elevated Lp(a) affects approximately one in five
individuals and meaningfully contributes to the residual cardiovascular risk in individuals
with otherwise well-controlled risk factors. With targeted therapies in the therapeutic
pipeline, there is a need to further characterize the clinical phenotypes and outcomes of
individuals with elevated levels of this unique biomarker. The Mass General Brigham Lp
(a) Registry will be built from the longitudinal electronic health record of two large aca-
demic medical centers in Boston, Massachusetts, to develop a detailed cohort of patients
who have had their Lp(a) measured. In combination with structured data sources, clinical
documentation will be analyzed using natural language processing techniques to accu-
rately characterize baseline characteristics. Important outcome measures including all-
cause mortality, cardiovascular mortality, and cardiovascular events will be available for
analysis. Approximately 30 000 patients who have had their Lp(a) tested within the Mass
General Brigham system from January 2000 to July 2019 will be included in the registry.
This large Lp(a) cohort will provide meaningful observational data regarding the differen-
tial risk associated with Lp(a) values and cardiovascular disease. With a new frontier of
targeted Lp(a) therapies on the horizon, the Mass General Brigham Lp(a) Registry will
help provide a deeper understanding of Lp(a)'s role in long term cardiovascular

outcomes.
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1 | INTRODUCTION

Over the last four decades, numerous studies have demonstrated that
elevated lipoprotein(a) (Lp(a)) is an independent risk factor for coro-
nary heart disease, ischemic stroke, and calcific aortic valve steno-
sis.x™*2 With a unique molecular structure hypothesized to be both
pro-atherogenic and pro-thrombotic,®® Lp(a) is composed of a low-
density lipoprotein-like moiety covalently bound to a genetically-
mediated apolipoprotein(a) molecule.** Synthesized in the liver and
mediated almost entirely by the LPA gene, elevated Lp(a) is the most
common inherited dyslipidemia, affecting approximately one in five
individuals.?® Lp(a) levels above 50 mg/dL (~ 125 nmol/L) correspond
to the 80th percentile in population-based studies and is the threshold
at which its impact on atherosclerotic cardiovascular disease (ASCVD)
has been shown to become clinically meaningful.2%¢%” Even for indi-
viduals with otherwise well-controlled risk factors, elevated levels of
Lp(a) have a significant and independent effect on residual atheroscle-
rotic cardiovascular risk.'®

Despite the robust evidence linking elevated levels of Lp(a) to car-
diovascular disease, there are currently no approved pharmacologic
therapies directly targeting Lp(a). Presently, those with significantly
elevated levels are counseled on overall risk reduction and—in certain
scenarios—recommended to initiate statin therapy.'*-?* While statin
therapy has no direct effect on Lp(a) levels,?? its use in some individ-
uals with elevated Lp(a) centers around overall ASCVD risk reduction.
However, there are now a variety of promising therapeutics in devel-
opment which may transform the management of this dyslipidemia
and help mitigate this important cardiovascular risk factor.}223-26

With the landscape of Lp(a) management potentially shifting in
the coming decade, there is a need to develop a deeper understanding
as to which subsets of patients may derive the most benefit from
future targeted therapies. Accordingly, we set out to assess the demo-
graphics, clinical characteristics, and outcomes of a large cohort of
patients (n ~ 30 000) who have had their Lp(a) measured over the last
20 years to further understand the association between Lp(a) levels
and cardiovascular disease.

2 | STUDY OBJECTIVES

The objectives of this study are to: (a) describe the distribution of
Lp(a) across a large cohort of patients with and without baseline car-
diovascular disease stratified by sex and ethnic background;
(b) determine the association between Lp(a) level and cause-specific
mortality; (c) determine the association between Lp(a) level and inci-
dence of myocardial infarction and non-hemorrhagic stroke;
(d) determine the association of Lp(a) level and the age of ASCVD
events; (e) determine the association between Lp(a) level and venous
thromboembolism;1® (f) evaluate the association between elevated
Lp(a) levels and imaging correlates for coronary artery disease;
(g) evaluate the association between Lp(a) level and peripheral revas-
cularization; (h) determine the association between Lp(a) level and

progression of aortic stenosis and need for aortic valve replacement;

(i) assess the impact of Lp(a) and recurrent ASCVD events; and
(j) assess the interaction of sex and ethnic background on the above

investigations.

3 | METHODS

The Mass General Brigham Lp(a) Registry will be a retrospective
cohort of
Lp(a) measured from 01 January 2000 to 07 January 2019 as part of

approximately 30000 patients who had their
routine clinical care. The Institutional Review Board at Mass General

Brigham approved this study.
Figure 1 provides an outline of the study design.

3.1 | Datasources

There are three primary data sources for our work:

1. The Research Patient Data Registry?” (RPDR) at Mass General

Brigham will serve as the primary source of data for this registry.

Mass General Brigham Lp(a) Registry
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FIGURE 1 Design of the Mass General Brigham Lp(a) Registry.
CPT, current procedural terminology; ICD, International Classification
of Diseases; Lp(a), lipoprotein(a)
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The RPDR is a centralized clinical data registry that consolidates
clinical information from all hospitals within the Mass General Bri-
gham network, including Brigham and Women's Hospital and Mas-
sachusetts General Hospital. This system provides demographic
data, laboratory and imaging data, diagnostic and procedural codes,
medication data, vital status, and clinical documentation for indi-
viduals meeting specified search criteria. RPDR obtains vital status
from the Social Security Administration Death Master File.

2. Data from Medicare and Medicaid, when available, will be linked
to individuals in our cohort to assess outcomes that may have
occurred outside of the Mass General Brigham healthcare system.

3. Intemational Classification of Diseases (ICD) coded death information
from the National Death Index (NDI) or the Massachusetts Office of
Vital Statistics will be used to determine the underlying and proximal

causes of death for each patient who expired during the study period.

3.2 | Entry criteria

All individuals 218 years of age with at least 1 Lp(a) result will be
included in our cohort. There will be two exclusion criteria based on
baseline covariates: (a) patients with a diagnosis of severe renal dys-
function defined as stage 5 chronic kidney disease (estimated glomer-
ular filtration rate < 15 mL/min/m?), those who have had a renal
transplant, or those on dialysis; and (b) individuals with a diagnostic
ICD code for a malignant neoplasm, excluding nonmelanoma skin

cancers.

3.3 | Standardization of Lp(a) values
Over the study period, two distinct Lp(a) assay methodologies were used
as part of routine medical care. The first methodology was the standard
immunochemical-based assay with reference ranges <30 mg/dL
or < 75 nmol/L.1%?82? The second assay type was a clinically validated
electrophoretic assay measuring the cholesterol content of Lp(a) particles
with a reference range < 3 mg/dL.3%®! Prior analytic work has demon-
strated that this electrophoretic cholesterol assay has a strong correlation
with the standard immunochemical-based assay, with correlation coeffi-
cients ranging from 0.89 to 0.96.3031

In order to avoid potential biases due to differences in testing
modalities over the study period, percentile groups for each assay will
be defined separately and then combined. This methodology has been
performed previously in other large Lp(a) studies.>>%32 For selected
analyses, if appropriate, we will maintain Lp(a) levels in their original
form for use as continuous variables within individual assay types or

testing methodologies.

3.4 | Assessment of baseline covariates

Given the presence of more than 8 million clinical notes and tens of

millions of structured data points (eg, laboratory values, ICD codes,

cvees RWIESEE

and so on) relating to our study population, accurately characterizing

all individuals in the cohort will be essential for analytic work.

341 | Methods for baseline covariate assessment
Baseline covariates will be determined through the following

methods:

1. Demographic data, such as age, sex, and race, will be obtained
from the Mass General Brigham RPDR system.

2. Natural language processing (NLP) algorithms using the open-
source Canary NLP platform will be created and applied to clinical
documentation to determine the presence of a variety of key base-
line risk factors.333* Covariates assessed in this fashion will be the
clinical diagnoses and documentation at any time of hypertension,
dyslipidemia, diabetes, transient ischemic attack, nonhemorrhagic
stroke, coronary artery disease, myocardial infarction, or coronary
revascularization. Each of these algorithms will be individually vali-
dated for their accuracy prior to all analytic work.

3. Smoking status for each individual per calendar year in the cohort
will be determined through the use of a previously validated NLP
system.®® This NLP system has high accuracy and is able to assign
an annual smoking status to each patient with a sensitivity of
92.4%, specificity of 86.2%, and AUC of 0.89. Because this system
was developed using the Mass General Brigham hospital network
RPDR database, it will be able to accurately assess for patient-level
smoking status within our registry.

4. Laboratory data will be used for further assessment of baseline
covariates. Key laboratory data will include creatinine, glycated
hemoglobin (HgbA1c), and the individual components of the com-
plete cholesterol panel (eg, total cholesterol, triglycerides, high-
density lipoprotein cholesterol, and low-density lipoprotein
cholesterol).

a. Diabetes will be defined as a HgbAlc level 2 6.5%. For women
under the age of 45, diabetes will be defined by the presence of
two HgbAlc levels 26.5% separated by at least 9 months to
avoid categorizing those with gestational diabetes as having a
diagnosis of diabetes.

b. Dyslipidemia will be defined as total cholesterol 2240 mg/dL,
serum triglycerides 2150 mg/dL, high-density lipoprotein cho-
lesterol <40 mg/dL in men or <50 mg/dL in women.

c. Chronic kidney disease will be defined as a median estimated
glomerular filtration rate between 60 and 15 mL/min/m?.

5. Medication use, such as the use of cholesterol lowering therapies
or the use of insulin therapy for those with diabetes, will be
assessed using NLP as well as through analysis of electronic pre-
scription data from the RPDR data repository.

6. Diagnostic and procedural ICD-9, ICD-10, and Current Procedural
Terminology (CPT) codes will further augment baseline risk factor
assessment. A full description of the covariates, which will be
assessed using ICD and/or CPT codes is available in the Appen-
dix S1.
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7. Markers of socioeconomic status will be incorporated into our ana-
lyses using the Area Deprivation Index (ADI). The ADI is a validated
marker of neighborhood level socioeconomic disadvantage, a sur-
rogate for individual socioeconomic status. The ADI combines
17 measures of employment, income, housing, and education from
the American Community Survey to create a score for each geo-
graphic unit in the United States.34%? Each patient's home address
will be indexed to its associated neighborhood level socioeconomic
disadvantage ADI score and incorporated into multivariate

analyses.

3.4.2 | Baseline covariate assessment period
The baseline covariate assessment period will be determined in one of

two ways depending on the analysis:

1. Based on Lp(a) testing date: Baseline covariates will be assessed
up to 12 months prior to and 12 months after the date of
Lp(a) laboratory testing. For individuals with multiple Lp(a) tests
over time, the baseline covariate assessment period will relate to
the first chronologic Lp(a) measurement.

2. Based on first encounter: Baseline covariates will be assessed from
the date of the first clinical encounter in the RPDR system and up
to 24 months thereafter.

Additionally, the use of specific medications will be determined
based on data 12 months prior to and up to 6 months after the date
of Lp(a) laboratory testing or up to 12 months after the first encounter
in the RPDR system. From information available during the covariate
assessment period, we will calculate baseline 10-year ASCVD risk for

individuals without a history of myocardial infarction or stroke.?%2143

3.5 | Outcomes and index date for follow-up

The key outcome measures in our study will be all-cause mortality,
cardiovascular mortality, and the occurrence of cardiovascular events.
Follow-up for the study outcomes will commence after the baseline

covariate assessment period.

3.5.1 | All-cause mortality

Vital status will be determined from the NDI and the Massachusetts
Office of Vital Statistics in conjunction with data from the Social Secu-
rity Administration Death Master File.

3.5.2 | Cardiovascular mortality

Cardiovascular mortality will be determined based on the ICD-coded

underlying cause of death?®**” as determined by the NDI or the

Massachusetts Office of Vital Statistics. When applicable, cardiovas-
cular disease codes listed as a contributing factor in noncardiovascular
deaths will be used in sensitivity analyses to estimate the potential
additional effect that overall cardiovascular disease has on all-cause

mortality.

3.5.3 | Cardiovascular events

For cardiovascular events requiring hospitalization, such as acute
myocardial infarction, unstable angina, venous thromboembolism,
nonhemorrhagic stroke, or transient ischemic attack, the presence of
a diagnostic ICD code in the primary hospital discharge position will
be considered diagnostic. This methodology has been extensively vali-
dated with high specificity, high positive predictive value, and reason-
able sensitivity.**>7 When applicable, we will perform sensitivity
analyses incorporating the same diagnostic codes as indicating the
presence of a given outcome when they appear in nonprimary posi-
tions in hospital discharge claims data.>%>¢

For outcomes, such as coronary revascularization, peripheral
revascularization, transcatheter or surgical aortic valve replacement,
and other relevant cardiovascular procedures, a single procedural
code in the patient record (either ICD or CPT) will be considered
diagnostic.

Linked Medicare and Medicaid claims data (where available) will
be used to supplement outcomes data for individuals who received
medical care for acute events and procedures outside of our hospital
network. Sensitivity analyses will be performed to compare the inci-
dence of cardiovascular events in our hospital system vs those that

occurred in other systems.

3.6 | Datamanagement

Study-related data for all patients who meet inclusion criteria will be
stored on secure servers hosted by Mass General Brigham. Project
managers (the primary investigator, analytic team, and data steward)
will determine which members of the research team are authorized to
access file system data. As part of research orientation at Mass Gen-
eral Brigham, all users are required to complete privacy, best practice,
and ethics training provided by the Collaborative Institutional Training
Initiative (www.citiprogram.org). Where appropriate, institutional data
use agreements will be orchestrated to facilitate the research

enterprise.

3.6.1 | Statistical analysis

Clinical characteristics will be compared across different subgroups,
including sex and ethnic background. Continuous variables will be
reported as means or medians and compared with t tests, rank-sum
tests, or analysis of variance, as appropriate. Categorical variables will

be reported as frequencies and proportions and will be compared with
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)(2 or Fisher exact tests. Ordinal variables will be compared using an
appropriate trend test. Analyses will be adjusted using regression tech-
niques for available baseline covariates to adjust for confounding and to
examine associations between Lp(a) level and the outcomes of interest.
Cox proportional hazards modeling will be performed for time-to-event
analyses. Incidence rate ratios will be calculated when comparing the
rates of cardiovascular events between different levels of Lp(a). All ana-

lyses will be performed on deidentified data.

4 | LIMITATIONS

As a retrospective cohort study spanning a 20-year period, we are lim-
ited by differences in the techniques used for Lp(a) measurement.
However, to address this, we will standardize each assay based on
percentiles and subsequently perform analyses across predefined per-
centile groups.>>%3? Additionally, our cohort consists of patients who
were tested as part of routine clinical care, which may introduce selec-
tion bias. However, at present, Lp(a) testing is typically performed on
selected patients with cardiovascular disease. As such, our findings
will be applicable to patients who are tested in the current era where
Lp(a) screening is typically performed in those at elevated cardiovas-
cular risk while also providing meaningful information for the vast
majority of patients with elevated levels.

Given the retrospective nature of this work, unmeasured and resid-
ual confounding may still exist even after adjusting for known con-
founders. Because this study is limited to two large academic medical
centers in one geographic region of the United States, the results may
not be fully generalizable to other regions or practice environments.
Finally, some nonfatal endpoints (eg, myocardial infarction, stroke, and
so on) that occurred outside of our healthcare system or were not cap-
tured by Medicare and Medicaid claims data may be missed. However,
we do not expect that these missed events will significantly bias our
results as an individual's Lp(a) level should not impact whether they
seek care for an acute event within a given medical system (eg,
nondifferential data loss). Additionally, analyses based on all-cause and
cardiovascular mortality are expected to have complete information
through national vital status and cause of death data repositories,
thereby limiting the possibility of data loss affecting our findings.

Nevertheless, there are multiple important strengths to our study.
Our registry will include a large number of patients, making it one of
the largest Lp(a) registries with one of the longest follow-up periods in
the United States. Via linkage with Medicare and Medicaid claims
data, we will be able to assess for events that occurred outside of our
hospital network, thus leveraging the advantages of our detailed
patient level information with the power of national claims data.
Finally, our study data will be based on a combination of detailed clini-
cal notes, laboratory values, and billing records, which will provide a
high degree of accuracy and detail that would not be possible when
relying on administrative data alone. Moreover, we will use innovative
natural language processing algorithms to adjudicate baseline vari-
ables from clinical documentation, a technique which provides highly

accurate patient-level data,3%8-¢°
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5 | DISCUSSION

Important work linking Lp(a) with cardiovascular disease combined
with the ongoing development of targeted therapies have created a
resurgence of interest in this unique lipoprotein. Current ongoing tri-
als23.24
interfering RNAs (siRNAs)®* will elucidate the effect of such therapies
and their impact on incident ASCVD.

Given the heterogenous level of risk associated with elevated

of antisense oligonucleotides and the development of small

levels of Lp(a), large observational studies are important for further
informing the differential risk associated with Lp(a) values and cardio-
vascular disease. Additionally, developing a deeper understanding of
how Lp(a) interacts with other established risk factors will be valuable
in refining cardiovascular risk prediction. The Mass General Brigham
Lp(a) Registry will provide real-world data to help inform these impor-
tant questions. Additionally, this registry may help identify subgroups
of patients who may benefit the most from pharmacologic interven-
tion as therapies emerge. Finally, given the large size of our cohort as
well as the use of robust methods to determine baseline characteris-
tics and outcomes, our study will provide patient level data that can

be used to inform future clinical trials.
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