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4. Rationale:

The advent of multiplex technology to measure the thousands of proteins at a time has
helped fuel a boom in proteomics research over the past decade. There are different approaches
to measure the human proteome; two approaches include an aptamer-based approach and
immunoassay approach. Soma and Olink both provide the relative concentrations of proteins,
using different methods (Soma aptamer-based! and Olink immunoassay). The extent to which
protein measurements correlate across platforms is relatively unknown and is an important
consideration for researchers designing studies. Likewise, characterizing the comparability
across different platforms for assessing proteomics are crucial for synthesizing findings across
(or within) studies that utilize different platforms to measure the human proteome.

JAARIC\Operations\Committees\Publications



One of the larger validation studies was recently published by Raffield et al and reported
correlations between immunoassays and SOMAscan based on data from multiple cohorts. Their
findings indicated a wide range in the correlations across platforms for the proteins tested. For
Soma vs Olink, for example, a prior comparison of Soma (1.1k version) vs Olink of 425 proteins
in 48 myocardial infarction patients yielded a median Spearman correlation coefficient of 0.36
with Spearman’s correlation coefficients ranging from -0.58 to 0.93. Moreover, 13% of the
proteins had good correlation (r>=0.7) and 42% with poor correlation (r<0.3).2 However, most
prior studies that have performed validation studies of proteomic platforms have been based in
smaller sample sizes and/or using on older panels which measured fewer proteins.?> Pietzner et
al published findings this year on 871 overlapping proteins measured on the aptamer-based
(SomaScan Version 4) and immunoassay (Olink) using plasma from 485 participants. Their
findings highlight many similarities in protein measurements across highly multiplexed
proteomic platforms, however, substantial differences for certain proteins have also been found.

Using data from ARIC visit 5, we intend to assess 1) the comparability of Soma (N~5000
proteins) and Olink (N~460 proteins) untargeted platforms, and 2) the comparability of 14
targeted Soma protein measurements against standard immunoassays (58 cases [58 controls]).
Additionally, using data from ARIC visits 2, 3, and 5, we will assess the comparability of Soma
proteins versus standard immunoassays in the entire ARIC population (V2: N~14000; V3:
N~13000; V5: N~6000).

5. Main Hypothesis/Study Questions:
Our aims are:
1) To assess the comparability of Olink’s immunoassay method (untargeted) against
Somal ogic’s aptamer-based method (untargeted).
2) To assess the comparability of Somalogic’s aptamer-based assays (targeted) against
standard immunoassay methods for 14 analytes in a case-control study.
a. GDF-15, ST2, Osteopontin, IL-6, MMP-1, TIMP-1, MMP-3, MMP-7, MCP-1,
IL-10, VCAM-1, ICAM-1, IL-18 and TNF-a
3) To assess the comparability of SomalLogic’s aptamer-based assays (targeted) against standard
immunoassay methods used in the broader ARIC population.
b. Visit 2 immunoassays: ALT, albumin, cystatin C, B2M, TSH, FGF23, CRP,
troponin-T, PTH, NTproBNP
c. Visit 3: cystatin C, fibrinogen (n~900), coagulation factor VII (n~900)
d. Visit5: ALT, albumin, cystatin C, B2M, TSH, FGF23, CRP, troponin-T,
troponin-1, NTproBNP

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Untargeted Soma vs Untargeted Olink (Aim 1)
Aim 1 Study Design

The SomaScan and Olink platforms were used to analyze previously stored plasma
samples obtained at ARIC visit 5. We provide a brief description of the platforms below and the
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participants included. We expect that >300 proteins will overlap between the Soma and Olink
panels measured in ARIC.

Soma: The SomaScan Version 4 platform uses multiplexed modified DNA-based aptamer
technology.! assay. Using previously stored plasma from the n>5000 ARIC visit 5 participants,
the relative concentrations of ~5000 proteins were measured at Soma Logic.

Olink: The Olink platform (measured as part of ancillary study #2018.09) uses a multiplex
immunoassay approach based on proximity extension assay (PEA) technology. Five Olink panels
were performed in ARIC: CVD Il, CVD IlI, inflammation, organ damage, and cardio-metabolic.
For Olink, stored plasma samples for 500 participants (250 cases, 250 controls) were tested in as
part of an ancillary study. The relative concentrations of 460 proteins were measured within
each sample.

Eligible cases were those without prevalent heart failure at visit 5 but developed HF
subsequently. Eligible controls were those without prevalent heart failure at visit 5 but did not
develop heart failure over the same time period and matched based on cohort, age, and sex.
Incident heart failure was defined using the FHS heart failure definition and/or as patients who
were admitted to hospital at least once with a heart failure diagnosis without a prior diagnosis of
heart failure.

Aim 1 Statistical Analysis

Olink and Soma protein values will both be presented on the log scale. We will report
Spearman’s correlation coefficients (with p-values) for each protein found in both Olink and
Soma. We will summarize the correlations using histograms and using summary statistics (mean,
median, percentiles). We will also generate scatterplots for each protein pair (Olink [y-axis] vs
Soma [x-axis]) with linear regression and loess regression overlaid. We will also examine
summary statistics for each log(proteinoink) and log(proteinsoma) using mean, SD, and SD/mean.
Additionally, after excluding outliers (>3 standardized residual), we will obtain Spearman’s
correlation and p-value for each protein pair and report the intercept, slope from linear
regression. We will then graph a scatter plot of the correlation coefficients for each protein pair
with vs without excluding outliers.

When the assays are poorly correlated, we will conduct analyses to try to determine
which assay is more biologically relevant. We can look at differences in the correlation with
kidney function (eGFR is related to approximately one third of plasma proteins). We can also
look at disease (e.g. Heart Failure) associations as long as it is synergistic and does not interfere
with the parent ancillary study.

Visit 5 Targeted Soma vs Immunoassays in 110 participants (Aim 2)
Aim 2 Study Design

We will use data from a pilot study conducted using stored plasma samples of ARIC visit
5 participants (who had 7 or 8 vials remaining). Participants with prevalent coronary heart
disease (CHD), stroke, or heart failure at visit 5 were not included in this pilot study. Participants
with incident CHD, stroke, or heart failure after visit 5 could be cases and controls included
those without incident CHD, stroke, or heart failure, and did not die within 5 years of visit 5.
The pilot study included 58 cases, 58 controls, and 26 Baylor QC pools. Cases were balanced by
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age (< or > median age of 73), sex (M/F), race (B/W) and eGFR (>60 or <60). Controls were
frequency matched to the age (+/- 10 years), sex, race and eGFR groupings of cases.

Aim 2 Statistical Analysis

We will assess the comparability of 14 analytes measured on Soma vs standard
immunoassay methods: GDF-15, ST2, Osteopontin, IL-6, MMP-1, TIMP-1, MMP-3, MMP-7,
MCP-1, IL-10, VCAM-1, ICAM-1, IL-18 and TNF-a (Baylor will provide information about
assay conduct details). We will report Spearman’s correlation coefficients (and corresponding p-
values). We will generate scatterplots for each of the 14 analyte pairs (Soma vs standard lab
methods). We will summarize the correlations using histograms and using summary statistics
(mean, median, percentiles). We will also generate scatterplots for each protein pair (Olink [y-
axis] vs Soma [x-axis]) with linear regression and loess regression overlaid. We will also
examine summary statistics for each log(analyteimmunoassay) and log(proteinsoma) using mean, SD,
and SD/mean. Additionally, after excluding outliers (>3 standardized residual), we will obtain
Spearman’s correlation and p-value for each protein pair and report the intercept, slope from
linear regression. We will then graph a scatter plot of the correlation coefficients for each protein
pair with vs without excluding outliers.

Visits 2, 3, and 5 Targeted Soma vs Immunoassay in all ARIC participants (Aim 3)
Aim 3 Study Design

The SomaScan platform was used to analyze previously stored plasma samples obtained
at ARIC visits 2 (N~14000), 3 (N~13000), and 5 (n~6000). We will assess the comparability of
standard clinical immunoassays against SomaScan measured proteins across ARIC visits.
Analytes that will be considered are summarized in the table below.

Visit Standard immunoassays to compare to Soma

Visit2 | ALT, albumin, cystatin C, B2M, TSH, FGF23, CRP, troponin-T, PTH, NTproBNP

Visit 3 | cystatin C, fibrinogen (n~900), coagulation factor VII (n~900), PTH, hs-TnT, NT-
proBNP, albumin, FGF23

Visit5 | ALT, albumin, cystatin C, B2M, TSH, FGF23, CRP, troponin-T, troponin-I,
NTproBNP, galectin-3, SHBG

Aim 3 Statistical Analysis

We will assess the comparability of analytes (see Table above) measured on Soma vs
standard immunoassay methods. We will exclude SOMAmers that were flagged. We will report
correlation coefficients (and corresponding p-values) and generate scatterplots for each of the
analyte pairs (Soma vs standard lab methods).

Using Cox regression, we will evaluate associations of Soma proteins (modeled per 1 SD)
and standard immunoassays (modeled per 1 SD) with all-cause mortality and with outcomes of
well-established relevance to specific biomarkers (e.g. troponin-T with incident CHD, cystatin-C
with incident CKD) through 2019. We will use the likelihood ratio tests to compare models that
included biomarkers measured using both the immunoassay and SOMAscan measurement and
compare to models with each biomarker method individually. We will use seemingly unrelated
regression to compare the strength in association of the immunoassay vs SOMAscan
measurements with outcomes.
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We will explore factors associated with discordance across assays. We will obtain residuals
from the linear regression of Y=standard immunoassay (interpretation of residual will be on the
same scale as the standard immunoassay) on X=Soma. We will examine whether (A) the residual
and (B) the absolute value of the residual are associated with mortality, and consider
demographics, clinical characteristics (e.g. eGFR, diabetes, BMI), or certain relevant genotypes
as potential factors related to the assay discordance.

For these analyses, we will use the newest data available from SomaLogic (adaptive
normalization using maximum likelihood [ANML] that includes normalization to an external
reference population [SMP]). We will also consider assessing the comparability of SomaLogic
data without external reference normalization to the immunoassays.

Anticipated Limitations: The comparison of assays provides information about agreement but
validity requires knowing the biologically relevant aspect of the protein. We know that
immunoassays often disagree with each other so disagreement with an omic platform does not
definitively imply which is superior. First, long-term storage of the plasma specimen is a
potential concern due to possible protein degradation. However, we have previously
demonstrated in ARIC the high reliability of protein markers over time using the Soma
platform.” Second, for both Olink and Soma, relative (not absolute concentrations) abundance of
the proteins are examined and may not be on the same scale.

7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this
manuscript? Yes X _No

b. If Yes, is the author aware that the current derived consent file ICTDEROS5 must be
used to exclude persons with a value RES_OTH and/or RES_DNA = “ARIC only”
and/or “Not for Profit” ? Yes No
(The file ICTDER has been distributed to ARIC Pls, and contains
the responses to consent updates related to stored sample use for research.)

8.a. Will the DNA data be used in this manuscript? Yes _ X No

8.b. If yes, is the author aware that either DNA data distributed by the Coordinating
Center must be used, or the current derived consent file ICTDERO05 must be used to
exclude those with value RES_DNA = “No use/storage DNA”? Yes No

9. The lead author of this manuscript proposal has reviewed the list of existing ARIC
Study manuscript proposals and has found no overlap between this proposal and
previously approved manuscript proposals either published or still in active status.
ARIC Investigators have access to the publications lists under the Study Members Area of
the web site at: http://www.cscc.unc.edu/aric/mantrack/maintain/search/dtSearch.html
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10. What are the most related manuscript proposals in ARIC (authors are encouraged to
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12a. Manuscript preparation is expected to be completed in one to three years. If a
manuscript is not submitted for ARIC review at the end of the 3-years from the date of the
approval, the manuscript proposal will expire.

12b. The NIH instituted a Public Access Policy in April, 2008 which ensures that the public
has access to the published results of NIH funded research. It is your responsibility to upload
manuscripts to PubMed Central whenever the journal does not and be in compliance with this
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