
FIGURE 5: Comparison of assay signal 

based on smoking history. Each data 

point represents the median of sample 

replicates for the biomarker combination 

CEACAM6, MUC1, and sTn. No significant 

differences in assay signal were detected 

between never-smokers and ever-

smokers for early stage and late stage 

LUAD cohorts (Wilcoxon p-values of 

0.104 and 0.932, respectively). The 

median smoking history among LUAD 

ever-smokers was 40 pack-years. These 

data suggest that the biomarkers included in this study are cancer-specific and are not a signature of smoking history. 

The difference in signal between healthy never-smokers and healthy ever-smokers was statistically significant (Wilcoxon 

p-value = 0.029), but this may be confounded by the difference in age distribution between these two cohorts. This 

confound represents a limitation in this cohort that will be addressed in future clinical studies.

FIGURE 2: To demonstrate the power of biomarker co-localization, 

a mixture of cancer cell line EVs were spiked into a plasma pool 

derived from five healthy women between the ages of 55 and 60. 

All three cell lines exhibit positive biomarker expression at the 

cellular level. Spike-in amounts are provided below:

•	 NCI-H1781: 2e8 EVs/mL

•	 NCI-H441: 2e8 EVs/mL

•	 AsPC-1: 8e8 EVs/mL

A single biomarker combination of sTn antigen only was unable to distinguish the unspiked and spiked plasma pools due to 

the high healthy background signal. Co-localizing multiple cancer-associated biomarkers significantly reduced the healthy 

background to be weaker than the cell line EV signal. Assay values represent the median of sample replicates.
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	RESULTS

METHODS

OBJECTIVES

•	 The detection of co-localized biomarkers on single EVs is a promising approach for early stage 
cancer detection

•	 In this preliminary study, we detected early and late stage LUAD cases from healthy never-smokers 
and healthy ever-smokers

•	 The co-localization of multiple unique biomarkers improved assay performance

•	 The Mercy Halo assay signal increased with cancer stage, suggesting that assay signal increases 
with tumor burden

•	 Additional studies are underway to identify the optimal biomarker combinations for non-small cell 
lung cancer detection and to validate our assay in additional sample cohorts

	 CONCLUSIONS

Co-localization of multiple cancer-associated biomarkers improves the detection of lung 
adenocarcinoma cases versus healthy never-smokers and healthy ever-smokers.

No significant correlation between assay signal and smoking status among LUAD cases.

Three-biomarker combination of CEACAM6, MUC1, and sTn exhibited a stage I/II 
sensitivity of 55.9% and an all-stage sensitivity of 76.5% at 80% specificity

Co-localization of multiple cancer-associated biomarkers enables the detection of cancer 
EVs above healthy plasma background.

The Mercy Halo assay detects co-localized biomarkers on individual EVs.

Increasing the number of co-localized biomarkers improves separation by attenuating 
healthy background relative to cancer signal.

FIGURE 1: (1) EVs are purified from plasma using size exclusion chromatography. (2) EVs are captured by antibody-

functionalized magnetic beads. (3) Captured EVs are incubated with a set of antibody-DNA conjugates. The double-stranded 

DNA molecules contain a complementary single-stranded overhang. (4) Complementary antibody-DNA conjugates bound 

to the same EV are close enough to hybridize and become ligated. (5) Ligated template DNA is detected via qPCR. FIGURE 3: Box plots summarize the assay signal for each sample included in this study. Data points represent the median of 

sample replicates. Receiver operating characteristic (ROC) curves were constructed comparing all cancer cases to all healthy 

controls. A single biomarker combination composed of sTn capture/detection resulted in very strong signals across all patient 

cohorts, with no ability to distinguish cancer cases from healthy controls (AUC = 0.45, 95% CI = 0.35-0.55). Two-biomarker 

combinations exhibited improved diagnostic performance (AUC = 0.71-0.76) and were able to distinguish many early and late 

stage LUAD cases from healthy never-smokers and  healthy ever-smokers. The three-biomarker combination of CEACAM6, MUC1, 

and sTn exhibited the best performance for all-stage LUAD detection with an AUC = 0.83, 95% CI = 0.77-0.90.

FIGURE 4: Comparison of healthy (never-

smokers and ever-smokers) and cancer (all 

stages) signals across the four biomarker 

combinations tested. Incorporation of 

multiple cancer-associated biomarkers 

reduces the healthy background sufficiently 

to separate signal from tumor-derived EVs 

and detect patients with LUAD. Each data 

point represents the median of sample 

replicates for a unique patient.

All plasma samples were sourced from ProteoGenex, Inc. Samples from 

patients with LUAD were collected prior to treatment at a cancer research 

center and samples from healthy individuals were collected at a primary 

care facility. Healthy individuals were separated into two cohorts (never-

smokers and ever-smokers) based on smoking history. All healthy ever-

smokers had at least a 20 pack-year smoking history at the time of blood 

draw. Cancer and non-cancer blood samples were processed in the same 

laboratory according to the same plasma collection protocol. Smoking 

history was self-reported at the time of blood collection and LUAD 

staging was pathologically determined. 

One mL aliquots of each sample were purified using size exclusion 

chromatography. Purified EVs were diluted with binding buffer and split 

across the various biomarker combinations evaluated. All samples were 

tested in duplicate.

INTRODUCTION

POSTER #2232

•	 Lung cancer is the leading cause of cancer-related deaths worldwide

•	 Early detection with low-dose computed tomography (LDCT) has been shown to reduce cancer-associated mortality among 

high-risk smokers, but its uptake is low1-2—a blood based early detection test may significantly improve screening compliance

•	 Extracellular vesicles (EVs) are a promising analyte for blood-based cancer detection 

•	 EVs are secreted by nearly all living cells and contain co-localized biomolecules from their cell of origin

•	 Single EV analysis exhibits several benefits over traditional liquid biopsy approaches (e.g., cfDNA) for early cancer detection

•	 Abundance: Each mL of blood contains 1010 EVs

•	 Biomarker co-localization: Cancer-associated biomarkers on the same EV improve signal-to-noise ratio compared to 

multiple, individually-measured blood biomarkers

•	 Stability: EVs are very stable at -80˚C and do not require special blood collection tubes 

•	 Demonstrate that the Mercy Halo technology can detect EVs shed from lung adenocarcinoma (LUAD) tumors

•	 Demonstrate that the co-localization of multiple biomarkers on individual EVs improves separation between LUAD and controls

TABLE 3: Sensitivity values of all four biomarker combinations for stage I, stage I/II, and stage I-IV LUAD at 80% specificity. 

The 80% specificity cutoff was based on the performance of LDCT during the National Lung Screening Trial3.

Number of Unique 
Biomarkers

Biomarker 
Combination

Sensitivity (%) at 80% Specificity (95% CI)

Stage I Stage I/II All Stages

1 sTn only 4.8
(0.1-23.8)

5.9
(0.7-19.7)

8.8
(3.3-18.2)

2

MUC1 and sTn 38.1
(18.1-61.6)

50.0
(32.4-67.6)

60.3
(47.7-72.0)

CEACAM6 and sTn 47.6
(25.7-70.2)

55.9
(37.9-72.8)

64.7
(52.2-75.9)

3 CEACAM6, MUC1,  
and sTn

47.6
(25.7-70.2)

55.9
(37.9-72.8)

76.5
(64.6-85.9)
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TABLE 1: The following four biomarker combinations 

were evaluated in this study.

Combination Biomarkers

1 sTn antigen only

2 MUC1 and sTn antigen

3 CEACAM6 and sTn antigen

4 CEACAM6, MUC1, and sTn antigen

TABLE 2: Summary of plasma samples tested.

 Lung 
Adenocarcinoma

Healthy  
Never-smokers

Healthy 
Ever-smokers

N 68 33 34
Age

Median 64 67 55
Mean 63.6 67.8 56.4
< 51 4 0 8
51-60 17 6 17
61-70 34 15 8
71-80 12 12 1
> 80 1 0 0

Stage
I 21 - -
II 13 - -
III 25 - -
IV 9 - -

Sex    
Male 44 19 21
Female 24 14 13

Race/ethnicity
Caucasian 68 33 34
Other 0 0 0

Smoking Status
Never-smoker 31 33 0
Ever-smoker 37 0 34
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