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DESCRIPTION
The field of oncology has witnessed tremendous advancements
in recent decades, largely due to technological innovations in
biomarker detection and quantification. Among these
innovations, the Single Molecule Array (SiMoA) platform has
emerged as a transformative tool in tumor research. SiMoA’s
ultra-sensitive capabilities enable the detection of biomarkers at
femtomolar concentrations, providing researchers with
unprecedented opportunities to study tumor biology, monitor
disease progression and evaluate therapeutic responses. This
article describes the application of the SiMoA platform in tumor
research and its potential to drive future discoveries.

Understanding the SiMoA platform

SiMoA is an advanced immunoassay technology that utilizes
digital detection to quantify proteins and other biomarkers with
exceptional sensitivity. Unlike traditional immunoassays, such as
Enzyme-Linked Immunosorbent Assays (ELISAs), SiMoA
achieves single-molecule resolution by isolating individual
molecules in arrays of microwells and detecting signals using
fluorescence or chemiluminescence. The platform’s ability to
analyze minute quantities of biomarkers makes it a potential tool
for studying cancer, where biomarker concentrations are often
low and difficult to detect using conventional methods.

Applications of SiMoA in tumor biomarker
discovery

Biomarker discovery is a fundamental of tumor research,
enabling the identification of molecules that reflect tumor
presence, progression, or response to treatment. SiMoA’s
unparalleled sensitivity facilitates the detection of rare
biomarkers in blood, cerebrospinal fluid and other bodily fluids.
For instance, SiMoA has been used to measure circulating tumor
markers, such as Prostate-Specific Antigen (PSA) and
Carcinoembryonic Antigen (CEA), at levels undetectable by
conventional methods. This capability allows researchers to

uncover early-stage cancers and describe biomarkers that were 
previously overlooked.

Furthermore, the platform’s high effective range enables 
multiplexing the simultaneous measurement of multiple 
biomarkers in a single assay. This feature is particularly valuable 
in oncology, where the heterogeneity of tumors often 
necessitates a multi-biomarker approach to gain comprehensive 
insights into disease biology.

Early cancer detection and liquid biopsies

Early detection of cancer significantly improves patient outcomes 
and SiMoA is playing a critical role in advancing non-invasive 
diagnostic approaches. The platform has been used in liquid 
biopsy studies to detect cancer-associated biomarkers, such as 
circulating tumor DNA (ctDNA) and tumor-derived extracellular 
vesicles. By analyzing these markers in blood samples, SiMoA 
suggests a minimally invasive alternative to traditional tissue 
biopsies, reducing patient discomfort and enabling frequent 
monitoring.

For example, researchers have utilized SiMoA to detect minute 
levels of ctDNA, which carries genetic mutations specific to 
tumors. This application is particularly beneficial for identifying 
cancers at early stages, when treatment options are more 
effective. Additionally, SiMoA’s sensitivity supports the detection 
of residual disease after treatment, helping clinicians monitor 
recurrence and adjust therapeutic strategies accordingly.

Evaluating therapeutic responses

Monitoring the efficacy of cancer treatments is essential for 
optimizing patient care and developing new therapies. SiMoA 
enables real-time evaluation of therapeutic responses by 
quantifying changes in biomarker levels over time. For instance, 
the platform has been used to track reductions in tumor markers 
following chemotherapy or immunotherapy, providing insights 
into treatment effectiveness.
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In immuno-oncology, SiMoA has proven invaluable for
measuring immune-related biomarkers, such as cytokines and
immune checkpoint proteins. These markers help researchers
understand the mechanisms underlying treatment responses and
identify potential resistance pathways. By suggesting detailed
biomarker profiles, SiMoA contributes to the development of
precision medicine approaches customized to individual
patients.

Advancing cancer immunology research

The study of tumor-immune interactions is a rapidly evolving
area of cancer research. SiMoA has been instrumental in
advancing this field by enabling the detection of immune
mediators, including interleukins, interferons and chemokines,
at ultra-low concentrations. These molecules play critical roles in
modulating the tumor microenvironment and influencing
immune responses.

For example, SiMoA has been used to measure Interleukin-6
(IL-6), a cytokine associated with inflammation and tumor

progression. By quantifying IL-6 and other immune-related
markers, researchers can investigate the complex exchange
between tumors and the immune system, preparing for novel
immunotherapeutic strategies.

Challenges and future directions

Despite its transformative potential, the SiMoA platform faces
certain challenges. One limitation is the cost of the technology,
which may hinder its widespread adoption, particularly in
resource-constrained settings. Additionally, while SiMoA’s
sensitivity is a significant advantage, it can sometimes result in
false positives due to non-specific binding or contamination.

To address these challenges, ongoing efforts are focused on
improving assay specificity, reducing costs and expanding the
platform’s accessibility. Future developments may also include
the integration of SiMoA with other technologies, such as Next-
Generation Sequencing (NGS), to provide comprehensive multi-
omics solutions for cancer research.
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