
• Many approaches for blood-based cancer detection exhibit insufficient specificity (e.g., serum
protein panels) and/or early-stage sensitivity (e.g., ctDNA analysis) for asymptomatic screening

• Extracellular vesicles (EVs) are a promising class of analytes that offer several benefits for
early-stage cancer detection:
• Abundance: EVs are actively secreted from all living cells (including cancer cells) and are

highly abundant in blood (~1010 EVs per mL1)
• Biomarker colocalization: Tumor-derived EVs contain colocalized cancer-associated

biomarkers that reflect their cell of origin
• Stability: EVs are stable at -80°C and do not require special blood collection tubes, which

allows the use of most archived samples for assay development and validation
• To leverage these features, we developed Mercy HaloTM—a platform technology that detects

tumor-derived EVs in blood displaying multiple colocalized cancer-associated biomarkers.

INTRODUCTION RESULTS

OBJECTIVE

METHODS

Demonstrate the clinical feasibility of Mercy Halo for early-stage ovarian cancer (OC) detection and 
early-stage lung cancer (LC) detection in a series of training and validation studies.

The Mercy Halo assay detects up to 3 colocalized biomarkers on the 
surface of individual EVs

TABLE 1: The OC training and validation cohorts included individuals with high-grade serous ovarian cancer
(HGSOC), benign ovarian masses, and healthy controls. The LC training and validation cohorts included individuals
with lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSqC), healthy never-smokers, healthy ever-
smokers, and ever-smokers with clinically diagnosed chronic obstructive pulmonary disease (COPD).

FIGURE 1: 1) EVs are purified from plasma using size exclusion chromatography. 2) EVs are captured by
antibody-functionalized magnetic beads (targeting Biomarker 1). 3) Captured EVs are incubated with a set of
antibody-DNA conjugates (targeting Biomarker 2 and Biomarker 3). 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. EVs must contain all
three biomarkers to generate a signal and the set of capture and detection biomarkers constitutes a “biomarker
combination”.

CONCLUSIONS
• Measuring colocalized biomarkers on tumor-derived EVs using Mercy Halo is a promising 

approach for early-stage cancer detection.
• Mercy Halo OC outperforms CA125 when distinguishing early- and late-stage symptomatic 

HGSOC cases from benign ovarian masses, especially at high (98%) specificity.
• Mercy Halo LC exhibits 62% early-stage sensitivity for LUAD and LUSqC at 80% specificity. 

Performance is similar between screen-detected and symptom-detected lung cancer cases. 
• Mercy Halo LC signal is positively correlated with tumor size and is not positively correlated 

with smoking history or COPD status.
• Future studies will validate the performance of Mercy Halo OC and Mercy Halo LC in larger 

independent cohorts and in screening-eligible populations.

Mercy Halo Ovarian Cancer Validation Set Results: Our locked model
demonstrates superior separation of HGSOC from benign adnexal
masses compared to CA125

OC Panel with Locked Classifier

FIGURE 4: Comparison of Mercy Halo OC to CA125 ELISA in the validation set. Receiver operating characteristic
(ROC) curves are shown for Mercy Halo OC (green) and CA125 (pink) in (A) all stage HGSOC vs. healthy +
benign samples, (B) stage I/II HGSOC vs. healthy + benign samples, and (C) stage I/II HGSOC vs. benign
samples. There is no difference between Mercy Halo OC and CA125 in distinguishing HGSOC from healthy
samples. Mercy Halo OC shows a significant improvement over CA125 in discriminating benign and malignant
ovarian masses (p-values displayed in plot titles). The area under the curve (AUC) and sensitivity at 98%
specificity for each comparison are displayed in the bottom right of each plot.

All HGSOC vs. 
Healthy + Benign

Stage I/II HGSOC vs. 
Benign

Stage I/II HGSOC vs. 
Healthy + Benign

Training 
Cohort Fe

at
ur

e 
se

le
ct

io
n

Top
combinations

Independent
Validation 
Cohort 

Experimental Overview

FIGURE 2: Our OC panel was composed of 7 biomarker combinations that were trained on a cohort of 92
individual patient samples, resulting in a locked classifier which was validated in an independent, blinded cohort
of 405 samples. Our LC panel was composed of 8 biomarker combinations that were trained on a cohort of 118
individual patient samples, resulting in a locked classifier which was validated in an independent, blinded cohort
of 456 samples.

CA125 ELISA

Assay AUC Se 98% Sp
MH OC 0.942 84.6
CA125 0.875 44.2

Assay AUC Se 98% Sp
MH OC 0.931 82.7
CA125 0.817 19.2
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All samples were K2EDTA plasma except those sourced from Reprocell (ACD plasma). Cancer samples were
collected at time of diagnosis and prior to treatment, and staging was pathologically determined. Healthy controls
had no medical history of cancer at the time of blood draw and smoking status was self-reported. One mL aliquots
of each sample were purified using size exclusion chromatography and split across the various biomarker
combinations evaluated, and all samples were tested in duplicate. Biological materials were provided by the Ontario
Tumour Bank (OTB), which is funded by the Ontario Institute for Cancer Research.
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FIGURE 5: (A) Box plot summarizing the probability of lung cancer based on the Mercy Halo Lung Cancer Panel and
locked classifier. Each data point represents the median of assay replicates for a unique sample and the red dotted
line denotes 80% specificity relative to the healthy never-smoker, healthy ever-smoker, and COPD cohorts. The Mercy
Halo Lung Cancer panel exhibits similar signal distributions across healthy never-smokers, healthy ever-smokers, and
individuals with COPD, suggesting it is not detecting a smoking signature. (B) ROC curve of the Mercy Halo Lung
Cancer Panel comparing stage I/II lung cancer to healthy never-smoker, healthy ever-smoker, and COPD cohorts.

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

Stage I 71 62% (50%-73%)
Stage II 75 63% (51%-74%)
Stage III/IV 39 82% (66%-92%)

Mercy Halo Lung Cancer performance similar in screen-detected lung 
cancer cases

TABLE 2: Number of lung cancer samples and assay
sensitivity sorted by stage

Correlation with 
Model Output

Spearman 
Correlation P-value

Tumor size 0.354 <0.001

Smoking history 
(healthy ever-smokers) 0.142 0.072

TABLE 3: Mercy Halo LC signal is correlated with
tumor size but is not correlated with smoking history.

Mercy Halo Lung Cancer Validation Set Results: Our locked model
demonstrates promising discrimination of LUAD and LUSqC from healthy
never-smokers, healthy ever-smokers, and individuals with COPD

Screen-detected lung cancer cases

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

Stage I 11 73% (39% – 94%)
Stage II 25 68% (46% – 85%)
Stage III/IV 6 83% (36% – 100%)

TABLE 4: Mercy Halo Lung Cancer performance in 
cancer cases detected by routine screening

FIGURE 3: Box plots summarizing (A) probability of ovarian cancer based on the Mercy Halo Ovarian Cancer
Panel and locked classifier, and (B) plasma CA125 level for each sample based on a commercial ELISA kit (R&D
Systems). Each data point represents the median of assay replicates for a unique sample and the red dotted line
denotes 98% specificity relative to the combined healthy and benign cohorts. Plasma CA125 exhibited
significantly higher signal spread among benign adnexal masses versus the Mercy Halo OC test.

Summary of plasma samples tested

Using the approach outlined in Figure 1, we developed separate panels of biomarker combinations specific
for ovarian cancer or lung cancer-derived EVs. Within each cancer-specific panel, PCR cycle threshold (Ct)
values were measured for each biomarker combination and incorporated into a trained classifier. The
resulting classifiers were subsequently validated in complete independent sample sets.
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Ovarian Cancer Training Cohort Lung Cancer Training Cohort

Sample Group n Sample Source Sample Group n Sample Source
Stage I and II 
HGSOC 18 ProteoGenex, Reprocell Stage I and II 

LUAD/LUSqC 20/20 OTB, ProteoGenex, 
iSpecimen

Stage III and IV 
HGSOC 24 ProteoGenex, Reprocell Stage III and IV 

LUAD/LUSqC 10/10 ProteoGenex

Benign ovarian mass 26 ProteoGenex Healthy never-smoker 18 ProteoGenex

Healthy control 24 Mercy-Sponsored Collection Healthy ever-smoker 30 ProteoGenex

COPD ever-smoker 10 ProteoGenex

Ovarian Cancer Validation Cohort Lung Cancer Validation Cohort

Sample Group n Sample Source Sample Group n Sample Source
Stage I and II 
HGSOC 52 OTB, OVCARE Stage I and II 

LUAD/LUSqC 90/56 OTB

Stage III and IV 
HGSOC 37 OTB, OVCARE Stage III and IV 

LUAD/LUSqC 19/20 OTB

Benign ovarian mass 192 OVCARE Healthy never-smoker 110 Mercy-Sponsored Collection

Healthy control 124 Mercy-Sponsored Collection Healthy ever-smoker 117 Mercy-Sponsored Collection

COPD ever-smoker 44 ProteoGenex

Assay AUC Se 98% Sp
MH OC 0.938 89.9
CA125 0.864 51.7
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LC Panel with Locked ClassifierA LC Panel ROC CurveB

The Mercy Halo Ovarian Cancer and Lung Cancer diagnostic 
tests have not been approved or cleared by the US FDA.

FIGURE 6: Subset analysis of screen-detected stage I, II, and III/IV lung cancer cases compared to healthy never-
smokers and healthy ever-smokers. Each data point represents the median of assay replicates for a unique sample
and the red dotted line denotes 80% specificity relative to the healthy never-smoker, healthy ever-smoker, and
COPD cohorts.
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