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Abstract

Background: We carried out a study of the aptamer proteomic assay, SomaScan V4, to evaluate 

the analytical and biological variability of the assay in plasma samples of patients with moderate 

to severe chronic kidney disease (CKD).

Methods: Plasma samples were selected from 2 sources: (a) 24 participants from the Chronic 

Renal Insufficiency Cohort (CRIC) and (b) 49 patients from the Brigham and Women’s Hospital–

Kidney/Renal Clinic. We calculated intra-assay variability from both sources and examined short-

term biological variability in samples from the Brigham clinic. We also measured correlations of 

aptamer measurements with traditional biomarker assays.

Results: A total of 4656 unique proteins (4849 total aptamer measures) were analyzed in all 

samples. Median (interquartile range [IQR] intra-assay CV) was 3.7% (2.8–5.3) in CRIC and 

5.0% (3.8–7.0) in Brigham samples. Median (IQR) biological CV among Brigham samples drawn 

from one individual on 2 occasions separated by median (IQR) 7 (4–14) days was 8.7% (6.2–

14). CVs were independent of CKD stage, diabetes, or albuminuria but were higher in patients 

with systemic lupus erythematosus. Rho correlations between aptamer and traditional assays for 

biomarkers of interest were cystatin C=0.942, kidney injury model-1 = 0.905, fibroblast growth 

factor-23 = 0.541, tumor necrosis factor receptors 1 = 0.781 and 2 = 0.843, P < 10−100 for all.
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Conclusions: Intra-assay and within-subject variability for SomaScan in the CKD setting was 

low and similar to assay variability reported from individuals without CKD. Intra-assay precision 

was excellent whether samples were collected in an optimal research protocol, as were CRIC 

samples, or in the clinical setting, as were the Brigham samples.

INTRODUCTION

The Slow Off-rate Modified Aptamer proteomic assay (SomaScan V4) is a high throughput 

microarray platform designed to measure nearly 5000 unique proteins in 55 μl of plasma 

with high sensitivity and specificity. In preparation for using the SomaScan V4 in a study 

of cardiovascular and renal outcomes in the Chronic Renal Insufficiency Cohort (CRIC), 

we conducted a pilot study to establish the intra-assay analytical variability and short-term 

biological variability of SomaScan V4 in plasma samples of patients with moderate to severe 

chronic kidney disease (CKD) not on dialysis. Prior studies of SomaScanV4 in plasma from 

individuals without CKD have shown low analytical and biological variability. Somalogic’s 

in-house tests of SomaScan V4 among healthy individuals indicate that triplicate samples 

have median (interquartile range [IQR]) intra-assay CVs of 3.2% (2.5–5.1). Tin et al. 

performed a pilot study of the assay’s biological variability in plasma samples from 

participants of the ARIC cohort. Among 22 subjects with estimated glomerular filtration 

rate (eGFR) >60 mL/min/1.73 m2, each of whom had 2 plasma samples at median (IQR) 36 

(30–38) days apart; median (IQR) within-subject CVs were 6.7% (5.1–9.7) (1).

Since plasma samples from patients with CKD typically have higher analyte concentrations 

and might introduce interference from nonanalyte substances, we designed a pilot study 

to evaluate the assay’s technical and biological variability among patients with CKD. 

We hypothesized that intra-assay and short-term biological variability of SomaScan V4 in 

samples of patients with CKD would be similar to that in samples from individuals without 

CKD. We designed the study to include samples collected both in research and clinical 

settings. We further examined whether intra-assay variability varied by clinical factors such 

as stage of CKD, albuminuria, and diabetes, and we obtained preliminary information on the 

correlations of aptamer measurements with select traditional biomarker assays.

MATERIALS AND METHODS

Complete study design is found in Supplemental Methods.

Study Design

Plasma EDTA samples were selected from 2 sources: research samples from CRIC and 

clinical samples from the Brigham and Women’s Hospital–Kidney/Renal Clinic. A subset of 

CRIC samples was used to test analytical variability, and the larger CRIC cohort was utilized 

for orthogonal tests. For analytical variability, 24 participants were selected from CRIC 

who had single samples drawn at a study visit 3 years after baseline, spanning the years 

2006 to 2011. Among the 24 CRIC samples, we included 8 participants with each CKD 

stage G3A (eGFR 45–59 mL/min/1.73 m2), G3B (eGFR 30–44), and G4 (eGFR 15–29) 

based on the CRIC eGFR equation (2). Larger numbers of CRIC samples were used for the 

orthogonal tests. We analyzed correlations between aptamer and nonaptamer measures in 
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the following numbers of CRIC participants: cystatin-C (n = 3309 participants), fibroblast 

growth factor (FGF)-23 (n = 1672), kidney injury model (KIM)-1 (n = 312), tumor necrosis 

factor (TNF)-R1 (n = 312), and TNF-R2 (n = 312). The second source of CKD plasma was 

49 patients from the Brigham and Women’s Hospital–Kidney/Renal Clinic who had samples 

drawn at each of 2 clinic visits (spanning 2011–2014); we assessed both technical variability 

and short-term biological variability in these samples. All 49 patients returned for a second 

visit at interval ranging from 1 to 135 days (median, IQR: 7, 4–14 days). Out of 49 patients, 

9 had a renal biopsy concurrent with the first plasma sample. Sample processing methods 

at originating labs are described in Supplemental II. All study participants gave informed 

consent, and the study was approved by the Institutional Review Board. All procedures were 

in accordance with the Declaration of Helsinki (3).

SomaScan V4 Assay

SomaScan V4 is an assay based on modified aptamers, which are chemically modified 

single strands of DNA approximately 40 nucleotides long, as binding reagents for target 

proteins (4–9). Modified aptamers bind to proteins with high affinity similar to antibodies 

(lower limit of detection 10−15 moles per liter) (4, 6, 7). “Pull-down” studies, in which 

the aptamer-protein complexes were isolated and the identities of the bound proteins were 

verified by targeted mass spectrometry and SDS gel electrophoresis, have been performed 

for 920 proteins among 1305 proteins in a previous version of the assay (8). These studies 

showed that >95% of aptamers correctly targeted the intended proteins (for those proteins 

in concentrations sufficient to be detected by mass spectrometry). These findings are 

corroborated by cis protein quantitative trait loci and biologically plausible trans protein 

quantitative trait loci. In rare instances (<5%), the aptamer was selected for an impurity 

rather than for the intended protein. These “wrong” aptamers have been identified by 

SomaLogic and associated with the correct protein (8). The samples on the SomaScan assay 

are run at 3 different dilutions to assay each analyte within its linear range of concentrations. 

The assay results are quantified on a hybridization microarray and reported in relative 

fluorescent units (RFU). SomaLogic has procedures for data calibration, standardization, 

and internal controls, typical of microarray technologies (Supplemental I, reproduced with 

permission from SomaLogic). After running the assay, SomaLogic standardizes the entire 

protein dataset using adaptive normalization by maximum likelihood (ANML) to remove 

bias in the assay. This is an iterative procedure that adjusts values for analytes that fall 

outside expected measurements from a reference distribution. Efficacy of standardization is 

demonstrated, reducing variation in replicate samples.

Nonaptamer Biomarkers

Additional laboratory tests were performed on the CRIC samples from year 1 visit: 

cystatin C (Dade Behring BNII); FGF-23 C-terminal assay (Immunotopics); KIM-1, TNF 

receptor 1, TNF receptor 2 (Meso Scale Discovery platform). eGFR for CRIC samples was 

calculated using the CRIC equation that utilizes creatinine, cystatin, age, gender, and race 

(2). eGFR for Brigham samples was calculated by the abbreviated Modification of Diet in 

Renal Disease equation: GFR = 186 × Serum Cr^ − 1.154 × age^ − 0.203 × 1.212 (if 

patient is Black) × 0.742 (if female) (10).

Dubin et al. Page 4

J Appl Lab Med. Author manuscript; available in PMC 2024 December 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical Analyses

First, prior to unblinding, we performed hierarchical clustering based on Euclidean distances 

to determine if we could correctly identify the duplicate pairs based on their protein 

levels. After pairs were unblinded, the CV for each protein in each pair was calculated 

using absolute RFUs. In each of the separate CRIC and Brigham analyses we looked 

for differences in average CV by CKD stage, albuminuria, and diabetic status. For 

Brigham within-subject variability, we also checked the CV in 3 separate subgroups of 

potential concern: (a) samples from patients with lupus (as circulating DNA autoantibodies 

potentially interfere with the aptamer assay), (b) samples from patients who had a biopsy 

concurrent with the first clinic visit, and (c) plasma samples flagged by SomaLogic for 

technical concerns. We examined whether longitudinal CV was associated with the length 

of the interval between clinic visits or change in eGFR between visits. Additionally, we 

evaluated CVs using non-ANML formatted (raw RFU) data. We examined change in 

individual proteins by calculating the fold-change in non-log-transformed RFU from visit 

1 to visit 2. We also compared RFU at visit 1 and 2 using the Student t-test and addressed 

multiple comparisons using a false discovery rate (FDR) of 10%. As a pilot orthogonal test, 

we calculated Spearman correlations between aptamer and nonaptamer measures of cystatin 

C and several other renal biomarkers in CRIC samples from Visit 1 (n = 3209 participants) 

that have been assayed with SomaScan V4.

RESULTS

Baseline Characteristics of the Study Participants

Baseline characteristics of the CRIC and Brigham cohort participants who contributed 

samples to this pilot study are summarized in Table 1. Age, gender, systolic blood pressure, 

body mass index, albuminuria, and eGFR were similar between CRIC and Brigham 

participants. Etiology of CKD in the CRIC patients was limited to diabetes, hypertension, 

glomerulonephritis (none had lupus), or congenital disease. Etiology of CKD in Brigham 

patients included nephrectomy, drug toxicity, lupus, and polycystic kidney disease. In 

Brigham within-subject variability samples, 9 of 49 patients had a renal biopsy at visit 

1; median (IQR) change in eGFR in all Brigham patients was −1.28 (−4.28, 0.5), while in 

patients who underwent biopsy it was −6.37 (−7.59, −1.37) mL/min/1.73 m2.

Quality Control Results for Samples and Aptamer Reagents

Among 48 CRIC samples from 24 participants, one sample was flagged by a technician 

at the SomaLogic laboratory as having a technical problem during the assay. We included 

this sample in our initial blinded analysis to determine whether it and its pair could be 

matched based on protein levels. The flagged sample could not be paired correctly to any 

other sample, and it was excluded from subsequent analyses.

From the Brigham cohort, 113 samples from 49 patients were analyzed by SomaLogic. Six 

samples (4 patients) were flagged for quality control by SomaLogic staff. Three of these 

4 patients with flagged samples had systemic lupus erythematosus. Prior quality control 

studies performed by SomaLogic had shown lower precision in samples from patients 
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with lupus, due to apparent interaction between the DNA aptamers and circulating DNA 

autoantibodies.

Out of 4776 unique human proteins measured in the assay, 189 were matched to more than 

one aptamer (including 3 proteins matched to >2 aptamers), for a total of 4979 aptamer 

measures of proteins. All multiple aptamer measurements for one protein were included 

in our analyses. After removing 130 proteins whose aptamer pairs are still investigational, 

there remained 4656 unique proteins (4849, including those paired to multiple aptamers) 

included in the analyses. Additional proteins were flagged by SomaLogic technicians for 

various reasons in the CRIC assays (91 proteins) and the Brigham assays (208 proteins), but 

we retained them in these analyses.

Analytic Variability: Intra-Assay Results in Optimal Research Conditions (CRIC Samples)

Among CRIC duplicate samples, median (IQR) intra-assay CV was 3.7% (2.8–5.3) and 

Spearman correlation was 0.95 (0.90–0.98) (Table 2 and Fig. 1). Among 4849 aptamers in 

CRIC samples, 95% had CV ≤ 10 and 99% had a CV ≤ 20%. CVs averaged over all proteins 

did not differ by CKD stage, diabetic status, or degree of albuminuria (P > 0.1 for all). 

Among the 23 intra-assay duplicates from CRIC participants, no individual protein’s CVs 

differed significantly by CKD stage (using Kruskal–Wallis method and FDR q < 0.1 as the 

statistical threshold).

Analytic Variability: Intra-Assay Results in Clinical Conditions (Brigham Clinic Samples)

Among Brigham clinic duplicates, median (IQR) intra-assay CV was 5.0% (3.8–7.0), and 

Spearman correlation was 0.88 (0.75–0.95) (Table 2 and Fig. 1) and CVs did not differ by 

CKD stage, diabetic status, or degree of albuminuria (P > 0.1 for all). Intra-assay CV did 

not differ according to lupus status (median intra-assay CV, n = 2 participants, 4.1%), or 

according to whether patient underwent biopsy (median intra-assay CV, n = 4 participants, 

4.2%). We examined CVs of samples by their plate location and patient characteristics. 

Among 13 duplicate pairs in the Brigham cohort, 6 were run on the same plate, with median 

CV= 3.7%. Seven were run on different plates, on the same day; these had a median CV= 

5.2%. These intra- and inter-plate CVs were not statistically different (P = 0.44).

We also checked proteins flagged by SomaLogic staff as having potential technical issues 

in CRIC and Brigham duplicate samples. Flagged proteins had slightly higher CVs: CRIC 

median CVs were 5.3% vs 3.7%; Brigham median CVs were 6.0% vs 5.0%. Among all 

intra-assay duplicates there were 56 proteins with CV > 25% and only 8 with CV >50%. 

Proteins with median intra-assay CVs > 25% among CRIC or Brigham samples are listed in 

Supplemental II, Table 1. Additionally, we ran CV analyses on raw RFU data that had not 

been ANML formatted. As shown in Supplemental II, Table 2, CVs are somewhat higher 

when calculated using raw data.

Biological Variability: Short-Term Within-Subject Variability (Brigham Clinic Samples)

In the 44 Brigham within-subject paired samples, median (IQR) CV was 8.7% (6.2–14), and 

Spearman correlation was 0.77 (0.63, 0.87) (Table 2 and Fig. 2). Limiting the sample to 

the 39 without lupus and who did not undergo kidney biopsy, median (IQR) CV between 
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samples drawn median (IQR) 6 (3.5–7.5) days apart was median 7.2% (6.0–9.1). CVs did 

not differ between groups stratified by time interval between visits or by change in eGFR 

between visits (P > 0.2 for both). Samples labeled as having a technical assay problem 

did not have higher CVs. Average CVs for paired samples of 9 patients undergoing kidney 

biopsy were higher than the other pairs (19% vs 8.1%, P = 0.003). We examined changes in 

individual protein levels between 2 visits for each of 44 patients with serial samples. Using 

a t-test and FDR threshold of 10%, no protein had significant changes in plasma levels. The 

median (IQR) absolute fold change in proteins was 1.009 (1.00, 1.02), with 90% having less 

than 1.05 absolute fold change. In Supplemental II, Table 3, we list the 20 proteins with 

largest absolute fold change.

To explore the influence of analytical variability on biological variability, we compared 

within-subject short-term variability CVs and intra-assay duplicate CVs among 13 Brigham 

participants (Fig. 3). We found that, overall, most proteins (98%) had intra-assay CV ≤ 20%, 

and, among these, the within-subject CVs ranged from 1.2% to 54.9%, with a median of 

7.2%. Overall, the median (IQR) ratio of intra-assay CV/within-subject CV was 0.76 (0.06–

2.85). There were 759 proteins for which the longitudinal CVs exceeded split duplicate 

sample CVs (using the paired Wilcoxon rank sum test at FDR adjusted q value <0.1). 

The 20 proteins with the largest difference between longitudinal and split duplicate CVs 

are shown in Supplemental II, Table 4. For 22 proteins with intra-assay CVs >30%, within-

subject CVs ranged from 21.7% to 61.5%, suggesting that for these individual proteins 

with high analytical variability, the within-subject CV largely reflected this higher analytical 

variability. The entire SomaScan V4 menu of proteins, along with CVs observed in our 

study, may be found in Supplemental III.

Correlations of Aptamer and Nonaptamer Biomarker Assays

Using available measurements from all samples from CRIC Visit 1, we found robust 

correlations between aptamer and nonaptamer measures for cystatin (n = 3309, ρ = 0.942) 

and KIM-1 (n = 312, ρ = 0.905). Correlations were also good for TNF receptor 1 (n = 

312, ρ = 0.781) and TNF receptor 2 (n = 312, ρ = 0.843). Correlation was weakest for 

FGF-23 (n=1672, ρ =0.541). All these Spearman correlations were highly significant (P < 

10−100). Scatterplots for these correlations are shown in Supplemental II, Fig. 1. Notably, 

agreement between antibody-based FGF-23 assays varies depending on whether antibodies 

bind intact FGF-23, C-terminal FGF-23, or both (11). The immunoassay used in CRIC 

measured C-terminal FGF-23, which may differ from the aptamer assay.

DISCUSSION

We have shown that the SomaScan V4 has low intra-assay CVs when applied to plasma 

samples from patients with moderate to severe CKD, whether samples were drawn under 

optimal research conditions (CRIC samples) or in a clinical setting (Brigham samples). 

Short-term within-subject variability was low in patients with stable CKD. These important 

features suggest the assay has the necessary precision to be an appropriate tool for large-

scale proteomic investigations among patients with CKD.

Dubin et al. Page 7

J Appl Lab Med. Author manuscript; available in PMC 2024 December 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Intra-assay CVs in our study were similar to metrics obtained in previous studies. Candia 

and colleagues recently published a study of technical variability for the current version 

of the SomaScan platform that measures 7000 proteins (12). The authors conducted tests 

of technical variability using duplicates of plasma samples from 102 human subjects and 

found the median CV among all the aptamers was 4.5% using normalized data, as opposed 

to 15% for the raw data. We observed a similar but smaller difference in CVs calculated 

from different data formats (CRIC technical variability was 3.7% for ANML normalized 

data vs 6.7% for raw data). In Candia and coworkers’ study, normalization was performed 

for samples using the study set as a reference. In our study and in the most recent 

SomaScan applications, ANML normalization is performed using an external relatively 

healthy reference population; the authors stated that the custom normalization they used had 

similar results to ANML normalized data. In Supplemental II, Table 1, we list aptamers in 

our study that had technical CV >25%, and for comparison we list the CV data on the same 

aptamers studied by Candia et al. While the CVs are calculated from data subject to different 

normalization schemes, it seems that the higher CVs for these aptamers are consistent in 

both studies. Only 12 aptamers had technical CV > 25% in the prior study and in both 

cohorts in our study, so while inspection of individual markers of interest is important, only 

a small percentage of aptamers in the SomaScan platform have consistently high CVs.

Our observation that within-subject short-term variability is low is also consistent with 

prior studies (13). Authors of a reproducibility study in participants of the ARIC study, 

using the same version of the SomaScan platform as we did, calculated CVs among 22 

subjects with eGFR >60 mL/min/1.73 m2, each of whom had 2 plasma samples at median 

(IQR) 36 (30–38) days apart, and median (IQR) within-subject CVs were 6.7% (5.1–9.7) 

(1). A recent study of 9 selected aptamers in serum samples of participants with CKD 

showed the certain aptamers, such as those for interleukin-6, are not highly correlated with 

traditional immunoassays (14). While technical variability of the assay in serum has been 

shown to be slightly higher than variability in plasma (15), we know from personal data 

that interleukin-6 aptamers have very low correlation with immunoassays in plasma samples 

as well. Prior studies comparing SomaScan and O-link, a multiplexed antibody assay, have 

shown acceptable correlations for inflammatory markers but low correlation for FGF-23 (rho 

0.47) (16), while a separate study comparing the SomaScan FGF-23 to an ELISA showed a 

correlation rho = 0.61 (17). Given that antibody-based FGF-23 assay results vary depending 

on whether antibodies bind intact FGF-23, C-terminal FGF-23, or both (11), it is plausible 

that differences in binding sites account for the lower correlation we observed for aptamer 

vs ELISA quantification of FGF-23. Overall, we observed a relatively low correlation for 

FGF-23 (0.541), but for the other selected markers correlations were 0.781 to 0.940.

For any samples assayed by SomaScan v4, there is an extensive set of quality controls 

for samples and performance of aptamers performed by SomaLogic (see Supplemental I). 

Our study provides an opportunity to apply similar criteria for studies of patients with 

CKD, an important population where the performance of the assay has not been previously 

investigated. Among all samples we examined, samples from patients with lupus undergoing 

biopsy had higher CVs. One may assume these were patients with active lupus who had 

higher levels of DNA autoantibodies, which may interfere with the DNA aptamer binding 

reagents, as per communication from SomaLogic. SomaLogic has developed alternate 
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protocols specific for lupus to mitigate this effect. CVs among all duplicate samples were 

low, indicating that technical variability of the SomaScan assay is similar in CKD as 

compared to plasma samples from the general population, considering the 5% intra-assay 

CV in CRIC samples compared to SomaLogic’s internal studies showing intra-assay CV 

of 3.2%. Short-term within-subject variability was also low: median (IQR) CV between 

samples drawn median (IQR) 6 (3.5–7.5) days apart in our study, among patients with 

stable kidney function not undergoing biopsy, was 7.2% (6.0–9.1), compared to samples 

from ARIC participants without CKD, drawn median (IQR) 36 (30–38) days apart, in whom 

median (IQR) within-subject CVs were 6.7% (5.1–9.7) (1).

A small proportion (2%–12%) of samples in the CRIC and Brigham cohort were flagged 

for various quality control concerns by SomaLogic staff. Flagged aptamers had marginally 

higher CVs than those that were not flagged, although the median CV was still low for 

flagged proteins (≤6%). Overall, our results suggest that SomaLogic’s criteria for flagging 

samples or aptamers may be more stringent than what the individual investigator may 

use to determine whether the sample or aptamer should be excluded from any particular 

study. In upcoming clinical applications of SomaScan in patients with CKD, one might 

exclude proteins whose CV is too large based on predetermined criteria (e.g., CVs > 50%). 

Conversely, one might argue that that the magnitude of any CVs should be interpreted in the 

context of the size of the measured “signal.” Thus, even a large CV may not hinder detection 

of a large signal.

We were able to utilize a small group (n = 13) of participants from the Brigham clinic whose 

samples were used to measure both analytical variability and short-term within-subject 

biological variability. Historically, authors such as Fraser et al. have proposed that optimally 

for any given analyte, the (analytical CV) ≤0.5 (within-subject CV) (18). We note that, 

for 25% of the proteins, the analytical CV is less than ½ of the observed within-subject 

variability, and, for 78%, the analytical CV < within-subject CV. While these data are based 

on a small number of samples, these estimates make us optimistic that individual proteins 

discovered with this platform could become viable biomarkers.

Limitations

The excellent intra-assay reproducibility of the SomaScan assay in plasma from patients 

with CKD argues against substantial interference from substances retained due to reduced 

eGFR. Mixing studies could additionally be performed in future studies to further exclude 

interference from renally retained solutes for individual aptamers and their proteins of 

interest. We studied intra-assay but not inter-assay CVs. Although prior SomaLogic studies 

show inter-assay CVs to be similarly low to intra-assay CVs, we do recommend running 

blinded calibrators to evaluate assay drift within a large study where samples might be 

assayed over extended periods of time. Circulating titers of double-stranded DNA in lupus 

patients were not available, so we could not determine if there was a relationship between 

DNA autoantibody levels and higher CVs in lupus patients undergoing kidney biopsy for 

clinical indications. Additionally, orthogonal tests were limited in number of biomarkers and 

utilized alternate biochemical or binding assays, rather than mass spectrometry.
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CONCLUSIONS

In this study, we show that SomaScan V4 intra-assay precision is excellent in plasma 

samples from patients with moderate to severe CKD, whether these samples are collected 

in an optimal research protocol, as were CRIC samples, or in the clinical setting, as were 

the Brigham samples. In patients with stable CKD, short-term within-subject variability 

is low for the majority of proteins measured, even in the setting of small interval change 

in eGFR. Based on these findings, we anticipate that the assay will perform well in the 

upcoming large-scale proteomic study of cardiovascular disease and CKD progression in 

patients with CKD in CRIC and other future investigations of CKD patients using this 

proteomic platform.
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RFU relative fluorescent units

ANML adaptive normalization by maximum likelihood

FDR false discovery rate
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IMPACT STATEMENT

Large-scale proteomics is now feasible as a powerful method of finding novel biomarkers 

in epidemiological cohorts. We present a pilot study of SomaScanV4, an assay for nearly 

5000 proteins, in plasma from patients with chronic kidney disease, collected in both 

research and clinical settings. The assay has excellent reproducibility, a finding that 

supports the use of SomaScan in ongoing studies aimed at finding novel biomarkers for 

patients with chronic kidney disease.
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Fig. 1. 
Histograms representing summary reproducibility metrics. Histograms show distribution of 

CVs, Spearman correlations, and intraclass correlations among 4849 proteins in each set of 

samples pairs. X-axes for histograms from left to right are CV, Spearman correlation, and 

intraclass correlation. Each of these metrics quantifies variation for each individual protein 

between pairs of samples. Abbreviations: BWH, Brigham and Women’s Hospital–Kidney/

Renal Clinic.
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Fig. 2. 
Brigham samples: longitudinal CVs in 49 patients. Longitudinal coefficients of variation 

(CV) were calculated in 49 participants who had 2 samples separated by median (IQR) 7 (4, 

14) days. Each box represents median, (IQR) CV for all proteins in each participant. The 

dashed line marks 10% CV.
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Fig. 3. 
Scatterplot for longitudinal vs duplicate split sample CVs. Scatterplot of longitudinal CVs 

(vertical axis) and split duplicate sample CVs (horizontal axis) in 13 patients from the 

Brigham cohort.
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Table 2.

Summary metrics of intra-assay and short-term biological variability for the SomaScan assay.

Sample subgroup N pairs CV (%) (Median, IQR)
Spearman correlation (median, 

IQR)
Intraclass correlation (median, 

IQR)

CRIC split duplicates 23 3.73 (2.8–5.3) 0.95 (0.90–0.98) 0.98 (0.96–0.99)

Brigham split duplicates 13 5.01 (3.8–7.0) 0.88 (0.75–0.95) 0.95 (0.86, 0.98)

Brigham longitudinal pairs 44 8.7 (6.2–14) 0.77 (0.63–0.87) 0.88 (0.70–0.95)

Reproducibility for each of 4849 proteins were measured in split duplicate and longitudinal paired samples, using ANML formatted proteomic 
data. Five participants of Brigham Renal Clinic with lupus are excluded from this table.
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