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Essentials

• Measurement agreement of aptamer proteomics for venous thromboembolism (VTE) 
markers is unknown.

• We selected 27 cases with unprovoked VTE and 27 controls from the THE-VTE study.
• Agreement between the aptamers and the laboratory methods for the VTE biomarkers was 

poor.
• Currently the usage of aptamer proteomics for VTE biomarkers should be considered with 

caution.

1 ABSTRACT
Background

Venous thromboembolism (VTE) is a complex disease with an incidence rate of about 1/1000 
per year. Despite the availability of validated biomarkers for VTE, unprovoked events account for 
50% of first events. Therefore, emerging high-throughput proteomics are promising methods for 
the expansion of VTE biomarkers. One such promising high-throughput platform is SomaScan, 
which utilizes a large library of synthetic oligonucleotide ligands known as aptamers to measure 
thousands of proteins. 

Objective

The aim of this study was to evaluate the viability of the aptamer-based SomaScan platform for 
VTE studies by examining its agreement with standard laboratory methods.

Methods

We examined the agreement between eight established VTE biomarkers measured by SomaScan 
and standard laboratory immunoassay and viscosity-based instruments in 54 individuals (27 
cases and 27 controls) from the THE-VTE study. We preformed the agreement analysis by using 
a regression model and predicting the estimates and the 95% prediction interval (PI) of the 
laboratory instruments values using SomaScan values.

Results

SomaScan measurements exhibited overall poor agreement, particularly for D-dimer (average 
fit [95% PI]: 492.7 ng/mL [110.0-1998.2]) and fibrinogen (average fit [95% PI]: 3.3g/L [2.0-4.7]). 

Conclusion

Our results indicate that SomaScan measurement had poor agreement with the standard 
laboratory measurements. These results may explain why some genome wide association studies 
with VTE proteins measured by SomaScan did not confirm previously identified loci.  Therefore, 
SomaScan should be considered with caution in VTE studies.
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2 INTRODUCTION
Venous thromboembolism (VTE) is a complex disease caused by an imbalance in the coagulation 
and fibrinolysis pathways. VTE, which encompasses deep vein thrombosis (DVT) and pulmonary 
embolism (PE), has an incidence rate of 1/1000 per year[1]. Venous thromboembolism is assumed 
to be caused by both acquired and genetic risk factors[1], but the mechanisms that evoke VTE 
involve complex interactions of pathways that are still not fully understood[1, 2]. Several genetic 
variants and proteins and have been identified as risk factors for VTE, such as factor V Leiden (F5 
rs6025), prothrombin 20210A (FII rs1799963), low levels of antithrombin, protein S and protein 
C, and high levels of factor VIII, IX, and XI[1]. 

The current standard methods to quantify coagulation factors are by viscosity or optical detection 
based coagulation analysers and immunoassay-based laboratory instruments targeting one or 
more coagulation factors. For example, elevated levels of D-Dimer are associated with increased 
risk of DVT, recurrent DVT and mortality[3]. Moreover, D-dimer is measured with >95% diagnostic 
sensitivity by immunoassay-based instruments and hence broadly used by clinicians for the 
exclusion of VTE in patients with low or intermediate risk[4]. 

Further expansion of the number of biomarkers is imperative for studying the aetiology and 
improving prediction of VTE. Emerging high throughput proteomic platforms are promising tools 
to identify such novel biomarkers as these platforms are capable of quantifying large numbers 
of proteins simultaneously from a single sample[5, 6]. The aim of our study was to assess the 
measurement agreement of one such platform, the aptamer-based SomaScan platform, by 
comparing its measurements with the current established laboratory methods for eight VTE 
biomarkers in THE-VTE study.

2.1 SomaScan 

SomaScan (SomaLogic, Inc. Boulder, CO, USA) is a high throughput proteomics platform capable 
of simultaneous measurement of thousands of proteins. Unlike traditional immunoassay instru-
ments, SomaScan utilizes Systematic Evolution of Ligands by Exponential enrichment (SELEX), a 
biochemical technique used to create a library with a wide range of modified synthetic oligonucle-
otide ligands (known as aptamers) designed to bind to their respective protein targets. Aptamers 
provide several benefits over immunoassay methods; They are inexpensive to produce, highly 
modifiable and are chemically stable. SomaScan has developed a vast library of unique aptamers 
(SOMAmers) to detect thousands of proteins[7]. This makes the SomaScan platform appealing 
for researchers and, indeed, several large studies have utilized the platform for various purposes 
including the identification novel protein markers[8-10]. 
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3 METHODS

3.1 THE-VTE study

For our cases and controls, we used samples from the Thrombophilia, Hypercoagulability and 
Environmental Risks in Venous Thromboembolism (THE-VTE) study — a multicentre case control 
study from Leiden (The Netherlands) and Cambridge (UK)[11]. Inclusion took place between 
March 2003 and December 2008. In total, 626 patients were included, aged 18-75, with a first 
DVT or PE. Partners of the patients were invited as controls. Subsequent follow-up of the cases 
was performed to assess recurrence risk. The mean follow-up duration was 4.8 years after discon-
tinuation of oral anticoagulant therapy. Blood samples were taken 2-3 months after discontinu-
ation of anticoagulants. The blood samples were collected into Sarstedt Monovette tubes, in a 
0.1 volume of 0.106 m trisodium citrate and separated into plasma by centrifugation then stored 
at -80 °C. All participants gave written informed consent. The study was approved by the Medical 
Ethics Committee of the Leiden University Medical Centre (Leiden, Netherlands) and the NHS 
Research Ethics Committee in Cambridge, UK. 

The current pilot study was originally designed to explore the biomarker measurements differ-
ences between unprovoked VTE and controls in a case-control design using SomaScan. Before 
proceeding, we checked the general measurement agreement between SomaScan and standard 
laboratory immunoassay and viscosity-based instruments in both cases and controls to assess 
the agreement over the whole range of coagulation factors levels. Unprovoked events were 
defined as individuals who did not have surgery, trauma or long-term immobilisation 3 months 
prior to the event. Moreover, patients were excluded if they had an active malignancy, abnormal 
levels of proteins C, protein S and antithrombin (<80 U/dL), used hormone replacement 
therapy or hormonal contraceptives at the time of the event. Patients with factor V Leiden or 
prothrombin (PT20210A) mutations were also excluded. We selected a sample of 16 cases with 
unprovoked VTE and further added eleven patients who experienced a recurrent venous throm-
bosis during follow-up, resulting in the inclusion of 27 VTE cases. By including unprovoked VTE 
cases as well as controls we covered a wide range of VTE biomarker values. Finally, we randomly 
selected 27 participants without VTE as controls. The frozen samples of the selected cases and 
controls were sent and thawed for analysis by SomaScan in 2016. No thawing or refreezing was 
performed during the interim period between 2011-2016. VTE biomarkers were measured by 
validated immunoassay-based, viscosity-based detection instruments, henceforth referred to as 
laboratory instruments. D-dimer total concertation (ng/mL) was measured by the Vidas D-dimer 
immunoassay (BioMérieux, Basingstoke, UK). The activity (international units per millilitre; IU/
ml) of protein C, protein S, antithrombin (using chromogenic assay), prothrombin, coagulation 
factor IX, and coagulation factor XI were measured by STA-R coagulation analyser (Diagnostica 
Stago, S.A.S, Asnières sur Seine, France). Fibrinogen total concertation (g/L) was measured by 
STA-R coagulation analyser (Diagnostica Stago, S.A.S, Asnières sur Seine, France)[11].

Samples were sent to SomaLogic (Boulder, CO, USA) and measured by the SomaScan platform. 
The instrument measured 1310 total proteins of which 24 proteins failed the quality check 
and were flagged. We selected eight VTE biomarkers that were measured by laboratory instru-
ments and successfully measured by SomaScan: D-dimer, prothrombin, protein C, protein 
S, antithrombin, fibrinogen, coagulation Factors IX, and XI. One control sample failed quality 
control was excluded. 

To compare the agreement and interchangeability of the different measures we used the 
95% agreement statistical method[12]. Since SomaScan uses relative fluoresces units (RFU) as 
measures for protein concentration, and the laboratory instruments measure absolute protein 
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concentrations or activity (IU/ml), we applied an alternative method to assess agreement if 
measurements are on different units, as described by Bland & Altman[12]. First, we performed 
a linear regression per biomarker with laboratory instruments measures as the outcome and 
SomaScan measures as the independent variable. Second, we used the regression models to 
predict estimates of the laboratory instruments values using SomaScan values. After checking 
the normality of the residuals, we log transformed the D-Dimer measurements as their distribu-
tions were very skewed. Finally, we calculated the 95% prediction interval (PI) to represent the 
equivalent of 95% limits of agreement[12]. This method is equivalent to comparing the mean 
differences of the two measurement methods. If the bias is consistent and the mean difference 
is close to 0 the result would show narrow prediction intervals. Consequently, the two methods 
would be interchangeable and in good agreement[13]. It is difficult to define hard cut-off points 
for the intervals. Therefore, judging the agreement is considered a clinical question rather than 
a statistical one[14].

4 DISCUSSION AND RESULTS
We examined the agreement of SomaScan measurements of VTE biomarkers with the laboratory 
instruments. The table and figures for the results are shown in Table 1 and Figure 1. Although a 
particular biomarker may seem to be in good agreement due to oblique slopes, the appropriate 
indicator for agreement is the width of the prediction interval around the average fit of the 
regression line[12].

Table 1: Average fit and average prediction intervals for SomaScan and laboratory instruments for the 
coagulation factors. 

Protein Name Units Average Fit [Average 95% PIs] Average Width

Coagulation Factor XI (%) 100% = 1 IU/mL 124.3 [75.0-173.5] 98.5

Protein S (%) 100% = 1 IU/mL 101.4 [80.2-122.7] 42.6

Protein C (%) 100% = 1 IU/mL 133.9 [106.4-161.4] 55.1

Antithrombin (%) 100% = 1 IU/mL 105.5 [91.0-120.1] 29.1

Coagulation Factor IX (%) 100% = 1 IU/mL 129.6 [81.0-178.2] 97.2

Prothrombin (%) 100% = 1 IU/mL 103.7 [80.3-127.1] 46.9

D-Dimer

          Log Log(ng/mL*) 6.2 [4.7-7.6] 2.9

          Back-transformed ng/mL* 492.7 [110.0-1998.2] 1888.2

Fibrinogen g/L 3.3 [2.0-4.7] 2.6

Activity of coagulation factor XI, protein S, protein C, antithrombin, coagulation factor IX, 
and prothrombin were measured by the same instrument and use IU/mL units. D-dimer and 
fibrinogen total concentrations were measured by immunoassay instruments. *D-dimer was 
assayed using the Vidas D-dimer assay. Unit type used was FEU = Fibrinogen equivalent unit (500 
ng FEU/mL = 250 ng D-dimer/mL). Abbreviations: PIs: Prediction Interval; IU/mL: international 
units per millilitre; Average Width: the average difference between the lower and upper limits 
of the prediction interval. 
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Figure 1: 95% Limits of Agreements plots for each VTE biomarker. 

Narrow prediction intervals indicate higher agreement between the SomaScan (x-axis) and 
laboratory instruments (y-axis). Antithrombin had the narrowest interval and, therefore, the 
best agreement. D-dimer had the poorest agreement as indicated by the wide interval in the log 
transformed plot. Abbreviations: RFU: relative fluoresces units; IU/mL: international units per 
millilitre.

Overall, the results indicate poor agreement of SomaScan with the validated laboratory instru-
ments. The narrowest prediction interval, and thus the best agreement, were observed for 
antithrombin (average fit [95% PI]: 105.52 IU/mL [90.98-120.06]) followed by protein S (average 
fit [95% PI]: 101.44 IU/mL [80.15-122.73]), Prothrombin (average fit [95% PI]: 103.7 IU/mL 
[80.27-127.13]) and protein C (average fit: [95% PI] 133.87 IU/mL [106.35-161.4] ). Factor IX 
(average fit [95% PI]: 129.62 IU/mL [81.03-178.21]) and factor XI (average fit [95% PI]: 124.26 IU/
mL [75-173.53]) had a wide mean prediction interval and low agreement. The prediction interval 
for fibrinogen also had a wide interval (average fit [95% PI]: 3.3 g/L [2.0-4.7]). This result indicates 
that the predicted value of fibrinogen was within a prediction range (average width) of 2.6 g/L 
(~80%) of the laboratory measurement. Considering the wide prediction interval width and the 
fact that the normal range of fibrinogen is between 2 and 5 g/L[15], we concluded that the 
SomaScan measurements of fibrinogen are in poor agreement with the laboratory instrument. 
Finally, agreement between SomaScan and laboratory instruments for D-dimer had the widest 
average interval (average fit [95% PI]: 6.2 [4.7-7.6]) among the measured markers as shown in 
Figure 1. The values and width of the interval for the log D-dimer plot may seem normal compared 
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to the plots of the other measurements. However, unlike the other biomarkers, D-dimer was 
measured in ng/mL units and was log transformed in order to fulfil the requirement of normality 
for the analysis. After back-transforming the values, the agreement was very poor as indicated 
by the extremely wide prediction interval (average fit [95% PI]: 492.7 ng/mL [110.0-1998.2]). 

The current study demonstrated poor agreement of SomaScan VTE measures with the laboratory 
instruments, particularly for D-dimer, which is a particularly important VTE biomarker[1, 4, 6], 
despite passing quality control. This poor agreement could explain the reported lack of associ-
ation between SomaScan D-dimer measurement and the risk of DVT[16]. 

Despite the advantages of SomaScan for high throughput measurements, the observed 
disagreement could be due to some of the platform’s shortcomings[17]. Some factors that can 
affect binding affinity are aptamer cross reactivity, genetic variations, post-translational modifi-
cations, and the complexity and stability of the target protein structure. Moreover, SomaScan 
measurements are quantitative and not qualitative and would not be able to detect qualitative 
defects in the analysis. It is important to note that our assessment was only of the eight VTE 
biomarkers available in our study and cannot be generalized to the agreement of the remaining 
proteins measured by SomaScan for our dataset. 

Two previous studies assessed the association between SomaScan measurements and VTE 
SNPs in the SomaScan protein genome wide association study (pGWAS)[8, 10]. Since several 
genetic loci associated with VTE biomarkers have previously been identified, multiple hits were 
expected. However only factor XI and protein C measured by SomaScan associated with three 
loci and one locus, respectively. The lack of genetic correlations with the SomaScan measures for 
the biomarkers further supports our findings of poor agreement. 

Possible limitations of the study are the usage of activity measurements for biomarkers versus 
the relative concentration reported by SomaScan. However, both D-dimer and fibrinogen showed 
poor agreement despite being measured as concentration measures. Moreover, viscosity-based 
activity measurements, such as the STA-R analyser used here, are considered the standard for 
VTE studies[18-20]. Furthermore, the recommended the sample size for Bland-Altman methods 
is usually N>100[21]. Our small size may affect the accuracy of the width of the 95% agreement 
intervals. However, we found that the agreement is very poor for some of the biomarkers, such 
as D-dimer, which cannot be fully explained by the sample size. Finally, it is unlikely the storage 
time of the plasma samples before the SomaScan analysis caused major degradation. Since the 
blood was collected, the samples were stored in -80 °C and the sampled aliquots were used for 
the primary analysis. Afterwards the samples were not thawed until the analysis by SomaScan 
five years later. Several studies have shown that these conditions were optimal for the storage of 
plasma samples and maintain minimal degradation[22-24]. Therefore, storage time and condi-
tions are an unlikely cause to the disagreement in our results. Nevertheless, comparing the 
agreement of SomaScan with total concentrations for the other biomarkers and in larger studies 
may provide further insight. 
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5 CONCLUSION 
The 95% limits agreement is a simple and effective statistical method for comparing measure-
ments by different methods. We believe it is important to apply this type of analysis to compare 
the measurements of exciting novel high throughput platforms with current established 
measurements; thereby limiting measurement errors from affecting the results and conclusions 
based on such platforms.

In conclusion, despite the promising applications of aptamers for proteomics studies, we found 
that the applied SomaScan platform is not interchangeable with validated laboratory instru-
ments for the VTE markers in our study. Therefore, caution is needed when applying SomaScan 
measurements for hypothesis driven VTE studies using these markers. Whether this is also true 
for other biomarkers for VTE remains to be determined. It is clear that more studies of agreement 
with larger sample size and additional markers are needed.
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CHAPTER 2 Agreement of aptamer proteomics with standard methods for measuring  venous thrombosis biomarkers
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