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EXECUTIVE SUMMARY

This Stand Up To Cancer (SU2C) innovation summit convened leading experts across oncology,
genomics, bioengineering, and data science to address a pressing challenge in oncology:
detecting cancers at their earliest, most treatable stages. A central focus was optimizing data
collection, signal interpretation, and clinical application for the early detection of pre-invasive and
early-stage solid tumors. Invited presenters explored the scientific, technical, and ethical
boundaries of detection—balancing sensitivity, specificity, and patient care implications.

Speakers and panelists emphasized that emerging technologies—such as ctDNA-based liquid
biopsies, exosome analysis, radiomics, and Al-supported histology—must be validated with real-
world data and existing biospecimens. Robust analytical frameworks are essential to understand
molecular behavior at the “limit of detection,” with an imperative to minimize false positives and
facilitate clinical translation. There was strong agreement on the need to leverage retrospective
datasets and biorepositories to accelerate assay validation, and on the need to avoid converging
efforts around one or two technologies, which it was felt could stymie innovation and longer-
horizon advances.

The summit identified several structural priorities for SU2C’s continued leadership in this field,
including establishing a sustained initiative in early detection and diagnostics. This initiative would
enable SU2C to serve as a convening authority, ensuring independent scientific assessment of
emerging tools and transparent communication of both their promise and limitations.

Participants also underscored the importance of systematic, cross-disciplinary dialogue.
Proposals included a recurring forum or standing initiative dedicated to early detection, including
specialized sessions at major oncology meetings, which would help identify and coordinate
strategic priorities, foster shared scientific standards, and strengthen joint engagement with major
funders.

Collaboration was highlighted as both a principle and an operational necessity. Participants
agreed that enhanced mechanisms are needed to spur deliberate cross-sector partnerships
among academic researchers, technology developers, and clinicians—which was viewed as
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essential to translating cutting-edge scientific innovation into practical diagnostic solutions that
can meaningfully impact patient outcomes.

Finally, participants stressed the need to align commercial innovation with patient-centered,
evidence-based practice, which would necessarily include engaging major industry and
technology partners to ensure that advances in consumer and digital health are developed and
applied with scientific rigor, ethical oversight, and clear clinical interpretation frameworks.

WELCOME AND INTRODUCTION
Peter Sorger, PhD, Harvard Medical School

Dr. Sorger opened the summit by commenting that the idea of the limits of detection is at first
simple, but in fact very subtle. Detecting one cell in a sample might be relatively easy but
interpreting that signal requires understanding something about what you’re trying to detect. The
presentations delivered throughout this meeting, he explained, will provide a nuanced sense of
what it means to detect a faint signal across different testing modalities, from familiar techniques
like histology to newer, more innovative platforms.

SESSION 1: GETTING MORE FROM SPECIMENS WE ALREADY COLLECT: NEW MEASUREMENT
METHODS

Ultrasensitive detection of cells and proteins
Scott Manalis, PhD, Massachusetts Institute of Technology

To date, predictive biomarkers for immune checkpoint therapy are tied to tumor biology, such as
PD-L1 expression or mutational burden, Dr. Manalis said. Immune system-based biomarkers
could complement the information gained from tumor biology, he continued, describing a
technology called a Suspended Microchannel Resonator that can measure single-cell biophysical
properties to better understand immune system status.

With the Suspended Microchannel Resonator, cells pass through a small channel designed like a
cantilever or “vibrating diving board,” in his description. As each cell flows through it, the resonant
frequency dives, then returns, allowing buoyant mass to be measured with ~0.1% precision at the
single-cell level.

Applied to mice, this technique shows that resting peripheral CD8+ T cells have a bimodal
distribution. This measure allows discrimination between naive, central memory, and effector
CDS8T cells in the resting state. In a collaborative study with the lab of Ileana Cristea, PhD, at
Princeton University, CD8+ T cells were sorted by mass and then analyzed with mass
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spectrometry and proteomics. Light cells were enriched for mitochondrial proteins, they found but
had decreased mitochondrial function, and their activation was functionally impaired.

In effect, the two populations of light and heavy T cells had very different profiles and exhibited
distinct differentiation trajectories upon activation, with light cells activated toward the
effector/exhausted profile and heavy toward central memory.

Peripheral blood samples from human breast cancer patients also showed a bimodal distribution
of resting T cells, with each patient having a distinctive proportion that remained stable over time.

In a study of immunotherapy for melanoma, the technique was tested to see if this biophysical
status of T cells could predict immunotherapy response. In a group of 28 patients, responders’T
cells had heavier median value than non-responders. When they paired buoyant mass with a
readout of tumor mutational burden, the AUC climbed to 0.88, which was more predictive than
either measure alone.

The hope is that “heavy” T cells can be developed as a general biomarker of immune competence.
Dr. Manalis estimated that at scale, the technique would cost roughly $10 a sample and could be
performed in 10 minutes. In later discussion, he mentioned that the group has used the buoyant-
mass technology to show that cancer cell mass can predict patient response.

How Precursor Biology Defines the Real Limits of Detection and Early Clinical Decisions
Sandro Santagata, MD, PhD, Harvard Medical School

As efforts are made to measure smaller and smaller signals, Dr. Santagata argued that the key
translational question is not simply sensitivity, but meaning: what biological state does a detected
signal actually represent? Detection, he said, is only clinically meaningful when grounded in
tissue biology. In early cancer, a “positive” test may correspond to no disease, an indolent
precursor, a high-risk precursor, or invasive or metastatic cancer, each requiring a different clinical
action: observation, monitoring, interception, or treatment.

Using high-grade serous ovarian cancer as a model, Dr. Santagata described a tissue-level
progression axis from normal fallopian tube epithelium to p53 signatures, serous tubal
intraepithelial carcinomas (STICs), and invasive carcinoma. Spatial profiling of these transitions
provides a biological ground truth that helps determine which molecular signals are worth
measuring in blood and how to interpret them.

In a recent study, his lab compared incidental STICs to cancer-associated STICs, revealing
systematic immune remodeling, including loss of innate surveillance, weakened adaptive
immunity, a reduction in CD4 T cells, exhaustion of CD8T cells, and increased immune
suppressive programs such as T-regulatory cells. Chromosomal instability and micronuclear
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rupture in STICs contributed to early interferon signaling, highlighting that precursor lesions are
notimmunologically silent but are actively being shaped by and shaping their microenvironment.

Spatial profiling of STICs and their secreted proteins can guide rational development of plasma-
based assays for early interception, he said. Rather than relying on single biomarkers, Dr.
Santagata emphasized the potential for identifying classes of biologically validated signals from
tissue that can complement ctDNA assays. These candidates can be validated in longitudinal
cohorts, such as those in BRCA1/2 carrier biobanks, to support risk stratification and early clinical
decision-making.

By paying attention to the “tissue ground truth” and extracting more biological information from
the routine pathology specimens that are already collected, Dr. Santagata proposed a framework
for understanding state transitions and enabling marker-guided interception.

Multi-analytic early cancer detection
Yuxuan Wang, MD, PhD, Johns Hopkins School of Medicine

Circulating tumor DNA is a quantitative and sensitive marker for tumor burden, Dr. Wang began.
Even the earliest tumors release DNA into the bloodstream, and because the half-life of ctDNA is
short, it can also be a dynamic marker.

Recent sequencing refinements are expanding the limits of detection, she continued. Duplex
sequencing, for instance, detects mismatches between paired DNA strands. Here, the limit of
detection is about 1 in 10 million, which translates to less than 1 mutant ctDNA in the full
circulating plasma volume of the human body.

Her group explored the use of this signal in a prospective trial involving patients with stage 2
colorectal cancer, which poses a treatment dilemma in the clinic. Most patients are cured by
surgery, but because a small number relapse, many patients receive adjuvant chemotherapy,
leading to overtreatment and consequences like neuropathy or severe neutropenia. In one arm of
this trial, management was guided by ctDNA, which successfully reduced chemotherapy without
reducing survival.

Circulating tumor DNA analysis at the end of chemotherapy also predicted relapse. The group
applied whole exome and whole genome sequencing, selecting mutations with very low
background—not necessarily driver mutations—to increase specificity and sensitivity as well as
positive and negative predictive values. This analysis was highly predictive: nearly 100% who were
ctDNA negative survived 5 years or longer, but the six who were ctDNA positive all relapsed within
3 years.

Her group is exploring ctDNA for early detection, when specificity is critical to avoid false
positives. In one study, they used samples from patients recruited decades earlier for an
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atherosclerosis study. They selected 26 patients who developed cancer and paired matched
controls. With 100x WGS on “early” plasma samples collected less than 6 months prior to cancer
diagnosis, they created personalized panels of 96 tumor-specific mutations, which they used to
explore the “very early” samples collected 3 years prior to clinical diagnosis. In that very early
sample, four were positive, proof of principle that ctDNA can be detected years before diagnosis.
The results also showed that detecting cancers 3 years prior requires ~50-fold higher sensitivity
than what is required to detect cancers only months prior, thereby establishing benchmark
sensitivities for achieving such very early detection.

Discussion

The subsequent discussion revolved around the opportunities for further developing these
techniques. Questioned about what the immune system’s threshold for detection of a
preneoplastic colony might be, Dr. Santagata described using DNA-FISH testing and
immunofluorescence, comparing normal tissue to that with precursors, such as additional copies
of MYC, to see if early detection might be possible in morphologically normal tissue. It’s a method
thatis under development, he said. Another speaker mentioned the polyclonal origins of
colorectal cancer, pointing out that roughly 40% of premalignant lesions demonstrate this feature,
and asked Dr. Santagata if his technology might have the capacity to probe this biology. He
acknowledged that it was this research that inspired him to dissect the community of cells in
BRCA-related ovarian cancer to understand the interactions between communities of cells in
forming a lesion.

Such a technique might eventually be used to guide decision-making for women who are BRCA-
positive, for instance, as they consider tubal removal surgery to prevent HGSC. The presence of
high-grade STICs would argue in favor of interception. tissue analysis is very valuable. The
session’s moderator, Dana Pe’er, PhD, of Memorial Sloan Kettering Cancer Center, argued that
although tissue analysis is a valuable tool, it should be combined with fluid-based methodologies
for maximum impact, given that tissue samples are difficult to obtain.

Dr. Wang was queried about the immune system’s tumor recognition threshold, responding that it
might be dependent on overall immune system capability. Another attendee brought up the
potential for detection in interstitial fluid, and another mentioned cerebrospinal fluid in the
context of glioma.

Dr. Pe’er raised the prospect of ctDNA for early detection of relapse, asking Dr. Wang about the
limits of detections for rare mutations and rare clones. The best way to maximize sensitivity is
paying attention to truncal mutations, which occur earlier, she said. It was noted that the FDA
requires a tumor-informed assay for ctDNA detection of minimal residual disease. As far as the
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absolute limit of detection, Dr. Wang said that duplex sequencing permits detection of 1in 10
million and is often limited by sample volume rather than sensitivity.

SESSION 2: GETTING MORE FROM DATA WE ALREADY ACQUIRE: NEW ANALYSIS

Machine Learning in cancer discovery and diagnosis
Dana Pe’er, PhD, Memorial Sloan Kettering Cancer Center

Dr. Pe’er argued that while early detection, or inception, is a worthy goal, patients are dying now,
and we must extract far more insight from the human data that is already collected.

Her central message was that clinical trials are small by design, so progress should come from
depth, not scale. Today’s technologies allow unprecedented measurement of tumors—down to
single cells and their spatial organization—but computation must be “imbued with biology.” Al
should not be a black box; it must reflect real cellular mechanisms and tissue dynamics.

She highlighted a striking example in leptomeningeal metastasis, a devastating spread of cancer
to the cerebrospinal fluid (CSF). In collaboration with colleagues, her team discovered that breast,
lung, and melanoma cells independently converged on the same survival strategy: overexpressing
iron transport genes normally restricted to myeloid immune cells. This adaptation allowed tumor
cells to thrive in the iron-poor CSF environment. The finding led to a trial of iron chelation therapy.
Through dense, longitudinal profiling, and analyzing blood and CSF at bulk and single-cell
resolution, the team observed rapid ecosystem changes, including coordinated immune
reprogramming. Remarkably, tumor cells were cleared from the CSF in treated patients, with
some long-term survivors. The lesson indicates that deep biological analysis of even small
cohorts can directly inform lifesaving interventions.

Dr. Pe’er also discussed cancer progression, emphasizing that malignancy is not driven by
mutations alone but by tissue remodeling. Using advanced spatial transcriptomics and a new Al-
based tool (Segger) to correct transcript misassignment, her lab mapped how pre-malignant
pancreatic cells remodel their microenvironment. Progenitor-like cells orchestrated fibrotic,
immune suppressive niches resembling full pancreatic cancer. Short-term KRAS inhibition not
only reduced these cells but collapsed the surrounding niche and delayed cancer onset in mice.

Looking ahead, Dr. Pe’er called for spatially profiled, on-therapy human samples and biologically
aware Al that can model how tumors reshape their ecosystems over time. Cancer, she argued, is a
tissue disease. Stopping it--whether at the point of early detection, metastasis, or therapy
resistance--will require understanding and interrupting its ability to remodel its environment.
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Computer-aided diagnosis in radiology
Maryellen L. Giger, PhD, University of Chicago

Dr. Giger described how Al in medical imaging is helping translate data at the limits of detection
into earlier, more accurate cancer diagnosis, and ultimately, better patient outcomes. Radiology
now accounts for 76% of FDA-cleared Al medical devices, reflecting decades of work in computer-
aided detection and diagnosis.

Early systems in mammography paved the way for today’s more advanced tools, including Al that
helps distinguish benign from malignant breast lesions on MRI. These systems function as clinical
aids, not replacements, providing radiologists with probability estimates and even measures of
uncertainty. Studies show that when used appropriately, Al can reduce false positives and false
negatives while maintaining safety and efficiency.

A major theme was the need for representative, high-quality data. Al systems can fail when they
learn “shortcuts” or spurious correlations that do not generalize to real-world settings. To prevent
these types of failures, multidisciplinary teams must define the clinical question clearly,
understand the intended patient population, and ensure that Al is not used off label. Trustworthy
Al requires rigorous evaluation, subgroup bias analysis, and ongoing monitoring after deployment.

Dr. Giger highlighted the Medical Imaging and Data Resource Center (MIDRC), for which she is the
contact PIl. MIDRC has built a secure, FISMA-moderate national infrastructure hosted on the Gen3

platform (available at www.midrc.org). It has ingested more than 500,000 imaging studies, with
more than 200,000 publicly available. MIDRC provides curated, de-identified datasets; tools to
assess bias and representativeness; interoperability with other imaging and biomedical
repositories; and a unique sequestered test set for independent benchmarking of Al algorithms.
This resource enables developers to rigorously evaluate performance and equity—critical steps
for FDA review and safe clinical translation.

She stressed that advancing cancer detection, diagnosis, and theranostics will require continued
collaboration across imaging scientists, clinicians, data experts, and regulators. With robust
infrastructure like MIDRC, cancer centers across the United States can develop Al tools that are
accurate, equitable, reproducible, and ultimately capable of detecting cancer earlier.

Multifactorial algorithms for cancer risk stratification
Antonis Antoniou, PhD, University of Cambridge

Dr. Antoniou’s presentation, captured in advance on video, described the CanRisk program
developed at Cambridge, with funding from Cancer Research UK. The program’s approach to
cancer prevention relies on multifactorial risk stratification, integrating genetic, clinical, and
lifestyle data to generate personalized risk estimates for breast, ovarian, and prostate cancers.
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CanRisk (available at www.canrisk.org) combines information on rare high- and moderate-risk

pathogenic variants in all established breast, ovarian, and prostate cancer susceptibility genes
(including BRCA1, BRCA2, and PALB2); polygenic risk scores based on hundreds of common
genetic variants; family history; tumor pathology; and risk factors such as reproductive history,
BMI, and mammographic density. By modeling the joint effects of these components, the tool
provides individualized, age-specific cancer risks. Compared to lifestyle factors alone, polygenic
scores substantially widen risk distributions, and the full multifactorial model offers the strongest
risk stratification. In breast cancer, for example, applying the complete model identifies roughly
18-20% of women in the general population as moderate or high risk—groups for whom screening
or prevention strategies could change.

A key theme of Antoniou’s presentation was equity in risk prediction. Because most genomic
discovery studies have focused on European ancestry populations, polygenic risk scores currently
perform best in those groups. Among women of European ancestry, the model produces a broad
range of predicted risks, enabling clearer stratification into low-, moderate-, and high-risk
categories. In contrast, among Black/African and Asian populations, the risk distributions are
narrower and shifted lower, meaning only about 4%-5% are classified as moderate or high risk
under current thresholds. This reflects primarily the reduced predictive accuracy of polygenic risk
scores in non-European populations and raises important questions about whether existing
clinical risk thresholds are appropriate across ancestries. Efforts are underway to improve these
models and ensure equitable benefits. The model has been independently validated, regulator
approved in the UK as a medical device and incorporated into clinical guidelines.

Dr. Antoniou also described the Cancer Data-Driven Detection initiative, which leverages national
scalelinked health and multi-omic data (including resources such as the UK Biobank), to build
dynamic, Al-enabled risk models across multiple cancers. This work signals a shift from age-
based screening toward precision prevention using integrated data science to identify who is most
atrisk and to ensure that advances in early detection are both effective and equitable.

Discussion

The discussion focused on validation standards, Al evolution in clinical settings, regulatory
challenges, and future priorities for responsible translation.

A central technical question to Dr. Pe’er concerned the “gold standard” for assigning transcripts to
cells in spatial transcriptomics. She emphasized that true ground truth does not exist, making
validation inherently complex.

Her team, therefore, relies on multiple complementary metrics, including contamination
estimates using matched single-cell RNA-seq from the same patient, randomized transcript
swapping experiments, and orthogonal benchmarking across more than 20 datasets.
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Performance depends on integrating three loss components in the Segger framework: cell-state
alignment, transcript contrastive learning, and spatial localization constraints. Removing any one
of these components significantly degrades accuracy. Importantly, transcript mislocalization
appears to stem from both biological realities (3D cell stacking, filopodia extensions) and
technical factors (enzymatic processing and RNA diffusion), underscoring that this is a universal
challenge across platforms.

A key translational advance discussed was the use of 10x Genomics Xenium Flex chemistry for
mutation detection. Dr. Pe’er clarified that naive mutation-probe approaches yield only about 75%
accuracy, which is insufficient for lineage tracing or clinical confidence. However, a gap-fill
enzyme strategy enables high fidelity mutation calling (~99.8%), allowing simultaneous RNA
profiling and DNA variant detection in situ, rare-cell enrichment, and reconstruction of lineage
trees. This represents a meaningful step toward integrating mutation analysis with spatial biology,
though accuracy thresholds remain critical.

Broader discussion turned to Al lifecycle questions raised by Dr. Giger, such as when is an
algorithm “good enough” for clinical deployment and how should systems evolve post-approval?
Both speakers stressed that Al must be task specific, evaluated in context of intended use, and
accompanied by uncertainty and bias assessments. They agreed that performance alone is
insufficient, and that robustness, data representativeness, and post-market monitoring are
essential. Concerns about shortcut learning, data drift, and off-label use were highlighted as
ongoing risks.

Regulatory and commercial tensions were also discussed. Although most FDA-cleared Al devices
involve medical imaging, many diagnostic tools operate under varying levels of regulatory
clearance. Participants presented concerns about transparency versus proprietary protection,
particularly in multi-cancer early detection assays. The lack of interpretability in some
commercial “black box” models may limit scientific progress, yet stringent requirements could
deter investmentin an already underfunded diagnostics sector relative to therapeutics.

Finally, the group addressed hype around artificial generalintelligence. Both speakers emphasized
that medical Al remains an aid, not a replacement, for clinicians. High standards,
multidisciplinary oversight, curated representative data as exemplified by MIDRC, and rigorous
post-market evaluation were identified as priorities.

Overall, the discussion reinforced several future imperatives: establish meaningful validation
metrics despite limited ground truth; prioritize biological interpretability over novelty in Al
architectures; ensure regulatory pathways accommodate iterative software updates; expand
representative data infrastructures; and balance innovation with transparency to sustain both
scientific rigor and clinical trust.
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SESSION 3: ACQUIRING NEW TYPES OF SPECIMENS (AND DATA)

Biohybrid Therapeutics for Cancer Therapy
Omid Veiseh, PhD, Rice University

Dr. Veiseh introduced a project to develop a surgically administered biohybrid device that can be
implanted in close proximity to a tumor, sensing and actuating immune response in situ. He
described potential use in peritoneal cancer, which typically responds poorly to immunotherapy.
The device, called HAMMR, includes onboard biosensors to monitor chemokines and cytokines,
along with living cells producing immunomodulators and immunotherapies. The goal is to
increase response rates to 50 percent.

Formulating a hydrogel that can sustain cells in an implant took 15 years, he said. His team’s
recent work demonstrates that cells engineered to produce biologics can survive at least ayearin
immunocompetent animals.

Dr. Veiseh described a phase 1 clinical trial, conducted in collaboration with researchers at UT MD
Anderson Cancer Center involving people with platinum-resistant peritoneal ovarian cancer.
Typically, tumors in these patients represent an immunosuppressive milieu, with key cytokines
depleted and immunocytokines upregulated. The study’s goal was to see if they could recreate a
beneficialimmune environment.

In the trial, “cytokine factory” cells bioengineered to produce IL-2 were given as monotherapy. This
was a single-dose feasibility study that revealed only minor adverse events and no dose-limiting
toxicities. The idea is to prime the immune system and activate cytotoxic T cells.

The full biohybrid device will monitor cancer progression, deliver patient-specific therapy with
onboard sensors, and provide dose-control for each patient. The cells hosted by this device are
bioengineered with electrogenetic circuits, so that cytokine doses can be controlled with
electrical pulse stimulation. The implanted bioreactor can produce immunotherapies as well as
detect signals like IFN-gamma levels, allowing the delivery to be fine-tuned to avoid toxicity.
Feedback regulation is critical to delivering the right dose for the patient at the right time.

The device is sutured into the peritoneal cavity. Nonhuman primate studies are near completion,
and the team hopes to submit an IND this year.

A microneedle device for rapid dermal interstitial fluid sampling
Joseph DeSimone, PhD, Stanford University

Blood is currently the default source for liquid biopsies, but it shouldn’t be the only one, argued Dr.
DeSimone. Interstitial fluid is 25% of bodily fluid volume, approximately four times the amount of
blood plasma. Itis also a communication medium, because unlike blood, ISF is in direct contact
with cells, carrying extensive and undiluted molecular information. The molecules in the ISF are
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not yet degraded and in a biologically relevant location that also provides systemic information.
The challenge has been collecting enough of this fluid and doing it quickly enough. The device he
introduced may offer a way around some of the difficulties.

Based on Darcy’s law—originally formulated in hydraulic engineering and now widely used in
ground water and petroleum engineering—which describes fluid flowing through a porous media,
Dr. DeSimone created the “Puncture Out and Press” device. It sits on top of the skin, and slight
pressure causes microneedles to be introduced into the skin, collecting about 15 mg of ISFin 5
minutes with “minimal” pain.

Mass spectrometry of ISF samples reveals about half the protein load as would be in serum, he
explained, but many of the same types, and includes many useful biomarkers in the form of
hormones, metabolites, nucleic acids, and exosomes.

He is designing next-generation devices that adhere to the skin and can be worn at home, a more
user-friendly technology that might be able to collect up to 50 mg of ISL. Because they are
painless to use, they avoid some of the limitations of blood draws.

He predicts that these sensors are best put to advantage as a complement to advanced
diagnostics such as imaging.

Engineering approaches to tackling cancer’s complexities
Greg Sawyer, PhD, Moffit Cancer Center

Dr. Sawyer shared his journey from aerospace engineering to cancer research, beginning with his
time at NASA’s Jet Propulsion Laboratory. After being diagnosed with stage IV metastatic cancer,
he underwent successfulimmunotherapy treatment. This experience catalyzed his shift into
oncology, where he now applies engineering principles to advance cancer science and improve
patient outcomes.

Dr. Sawyer highlighted two key areas where engineering can significantly strengthen cancer
research: multidisciplinary collaboration and advanced preclinical modeling. He emphasized that
addressing the complexity of cancer requires a deeply integrated, cross-disciplinary approach. He
described “cancer engineering” as a field that brings together expertise from: materials science,
system dynamics, robotics, solid and fluid mechanics, cellular engineering, mathematics and
computational modeling, and imaging and spectroscopy. This convergence, he noted, accelerates
innovation and enables researchers to tackle biological challenges with new tools and
perspectives.

Dr. Sawyer’s team conducted a systematic evaluation of existing in-vitro cancer models,
assessing each across multiple criteria. Microtumors emerged as the highest-scoring platform,
though maintaining their viability posed a significant challenge. To overcome this, the team
developed a soft granular microgel bed—a “liquid-like solid” that mimics the tumor
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microenvironment. This platform, designed with 48 paired perfusion wells, allows continuous
nutrient delivery and real-time imaging. It enables long-term survival and growth of microtumors,
creation of thousands of microtumors from a single patient sample, and development of tumor
libraries or patient avatars that capture patient-specific heterogeneity. These avatars support
applications such as drug screening, rational treatment design, and mechanistic studies—
including evaluation of antibody-drug conjugates.

He also presented how to quantify immune-tumor interactions through advanced imaging. He
displayed super-resolution microscopy videos of CART cells eliminating B cells in Burkitt
lymphoma and CD27 CART cells interacting with glioblastoma microtumors over several weeks.
These imaging platforms provide unprecedented detail, allowing mathematical collaborators to
quantify traditionally qualitative behaviors, such as immune-cell foraging time,
engagement-to-apoptosis intervals, cell motility patterns, and effector cell clustering and
distribution. Such quantitative metrics can offer deeper insights into therapeutic dynamics and
may help guide future immunotherapy strategies.

Discussion

Questions from the audience probed the technical virtues and limits of the devices and
techniques presented.

The first use case for Dr. Veiseh’s device might be in the context of minimal residual disease in
ovarian or other peritoneal cancer to monitor and respond to recurrence, he said. It could also be
deployed to characterize what immune response best predicts efficacy or collect high temporal-
resolution data of multiple cytokines to zero in on the best therapeutic interventions. Dr. Sorger
proposed using the device to explore why successful combination therapy works and predict
outcomes, since some evidence suggests that many patients who benefit from combination
therapy are actually only deriving benefit from one or the other of the treatments.

Dr. DeSimone said that ISF may turn out to be a richer source to hunt for ctDNA because ithas a
smaller nuclease load. In response to a question, he said that fluid in the microneedles in his
devices can be kept separate, so that it’s possible to perform analytics in each separately. He also
said that the device can control for depth on the Z axis. Dr. Sorger pointed to a potential use in the
example of melanoma, where the progression from precancer to cancer is poorly understood. The
cytokines presumably involved in this transition seem to be extremely local, he said, perhaps
within only about 5 cell diameters of the action.

An audience member proposed developing microtumors out of preneoplastic epithelial lung
lesions, and another was interested in introducing stem cells into this model system. In response,
Dr. Sawyer noted that his team’s system was a far better reflection of human biology than what
can be observed in a mouse model. Using microtumors, “you can play more games more flexibly
with real human biology,” he said.
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SESSION 4: MINIMALLY INVASIVE MEASUREMENTS (INCLUDING DEVICES)

Body-interfaced biosensors
Wei Gao, PhD, California Institute of Technology

Dr. Gao presented a vision for the future of health monitoring built around body-interfaced
biosensors: wearable devices that continuously analyze chemical signals from the body without
the need for blood draws. Rather than tracking basic vital signs like heart rate or step counts,
these technologies measure molecular biomarkers that reveal real-time physiology and disease
processes.

Dr. Gao’s team develops wearable sensors that analyze biofluids such as sweat and interstitial
fluid and also exhaled breath. Sweat alone contains electrolytes, metabolites such as glucose
and lactate, hormones, inflammatory markers, and even drugs or toxins. The sensors can
continuously monitor these molecules, transmit data to smartphones, and store results in the
cloud for analysis. A key breakthrough is on-demand sweat sampling using mild iontophoresis or
tiny electrical currents that stimulate sweat production even during rest or sleep, allowing
continuous monitoring beyond exercise settings.

The group has translated this technology into several promising clinical applications. For gout
management, a wearable sensor measures uric acid levels in sweat, enabling clinicians to track
fluctuations and adjust treatment without repeated blood tests. The researchers have also
developed a sweat-based sensor for C-reactive protein (CRP), a marker of systemic inflammation.
In clinical studies, sweat CRP closely mirrored blood levels and was elevated in patients with
heart failure, chronic obstructive pulmonary disease, and active or recent infections,
demonstrating the potential for noninvasive monitoring of inflammatory disease.

Beyond disease detection, Dr. Gao and his colleagues have developed printed wearable sensors
that can track chemotherapy drugs in real time, with the goal of personalizing dosing and reduce
toxicity. Other platforms can continuously measure stress hormones such as cortisol and
adrenaline, offering a potentially objective way to quantify physiological stress responses rather
than relying on subjective questionnaires. Al-enhanced multimodal systems can integrate
biomarker data with vital signs to distinguish different stressors with about 98% accuracy and
quantify anxiety states.

Some of the challenges in moving this technology forward, Dr. Gao said, include ensuring
accuracy comparable to blood tests, maintaining sensor stability during daily wear, and
interpreting complex biochemical data. If overcome, these technologies could enable earlier
disease detection, personalized nutrition and medication dosing, objective mental health metrics,
and continuous monitoring outside traditional clinical settings.
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Exploring the potential to investigate digital signals of cancer from smartphones and
wearables
Suzanne Scott, PhD, MSc, Queen Mary University of London

Dr. Scott explored whether everyday digital data from smartphones and wearable devices could
help detect cancer earlier. She noted that most cancers are still diagnosed after symptoms
appear rather than through preventive screening, and early diagnosis depends heavily on
individuals noticing subtle bodily changes and deciding whether to seek medical care. Early
cancer symptoms are often vague, and people may delay seeking help due to competing
priorities, uncertainty, fear, or difficulty accessing care.

Dr. Scott’s work examines whether digital traces from daily life can reveal early signals of illness
before people recognize symptoms. Smartphones and wearables already capture physiological
measures such as heart rate and activity patterns, while internet search histories may reflect
emerging health concerns. Early research suggests patterns in internet search behavior may
correlate with later clinical diagnoses across several conditions, including cancer. However,
existing studies are small and rely on inferred or self-reported diagnoses, highlighting the need for
more rigorous and diverse research.

One focus of herresearch is on public attitudes toward sharing digital data for health purposes.
Qualitative interviews revealed that trust, transparency, and personal control are central
concerns. Participants viewed internet histories as deeply personal and worried about misuse,
data breaches, and irrelevant access. Many wanted systems that filter only health-related
information. Digital literacy also emerged as a barrier, with some participants unaware of how to
access or manage their data.

A large survey of nearly 2,400 participants found that willingness to share internet use data varied
by condition and demographic factors. Higher education, employment, and higher income were
associated with greater willingness to share, while some ethnic groups expressed lower
willingness, underscoring equity concerns. Dr. Scott emphasized that without careful design,
digital health tools could worsen disparities in cancer outcomes.

Looking ahead, she argues that digital behavioral sighals combined with wearable or smartphone
sensor data could complement traditional diagnostics and support earlier detection. Realizing
this potential will require robust privacy protections, transparent governance, equitable access,
and research designed to benefit populations at the highest risk of late diagnosis.

Wearables in clinical trials
Eric Perakslis, PhD, Pluto Health

Dr. Perakslis challenged a common assumption in modern medicine that just because something
can be measured doesn’t mean it is useful or that it improves patients’ lives. Drawing on decades
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of experience scaling drugs, devices, and data systems, Dr. Perakslis opened with his experience
from the early days of pulse oximeters in the 1980s. The takeaway was that innovation succeeds
not when it measures more, but when it meaningfully changes outcomes.

In cancer research today, enormous amounts of data are generated—from genomics to
microbiome profiles to remote monitoring feeds—but much of it operates at the “limit of
detection,” producing signals that are technically impressive yet clinically unclear—that is, many
of these signals do not change clinical decisions or patient outcomes. The field must shift from
amplification (more data) to gain or demonstrable health improvement, he said, adding that the
future of cancer care depends less on collecting more data and more on using the data that’s
already available to meaningfully improve patients’ lives.

He highlighted a major opportunity in clinical trials. Anywhere from 40% to 60% of trial eligibility
screens fail because patients narrowly miss eligibility criteria; others fail due to comorbidities,
medications, or logistics. Instead of rejecting these patients, Dr. Perakslis proposed short-term
health betterment interventions for these patients such as optimizing blood pressure, offering a
statin or other medication, or preventive care, which could allow more patients to enroll in trials.
This approach would expand access, diversify trial populations, reduce costly site expansion, and
ensure patients benefit, even if they ultimately do not enroll.

He also emphasized lived experience. Remote monitoring, sleep sensors, and stress tracking can
illuminate what cancer patients actually endure, especially those on active surveillance who may
experience significant anxiety and reduced quality of life. He discussed the potential health
outcome benefits of leveraging the wearables millions of people already use (e.g., smart watches,
fitness trackers, sleep monitors). These devices passively collect heart rate, sleep quality, activity
levels, stress markers, and even irregular heart rhythms. Instead of treating this information as
novelty data streams, cancer centers can integrate these tools to monitor treatment tolerance,
detect early symptom changes, track fatigue and sleep disruption during radiation or
chemotherapy, and measure real-world recovery.

Dr. Perakslis cautioned, however, that these tools are intrusive surveillance technologies and carry
risks, including privacy harms and financial toxicity. Digital side effects, he argued, deserve as
much scrutiny as drug side effects. Their value depends on translating insights into actionable
support for patients, including scheduling screenings, closing care gaps, coordinating
appointments, and reducing friction in care delivery.

His central message was focused on impact not measurement. The path forward is building
systems that use existing data including clinical, behavioral, financial, and wearable to improve
eligibility for trials, strengthen patient engagement, reduce inequities, and ultimately raise the
baseline health of populations.
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High-Yield CTC Filtration for Real-World Liquid Biopsy
Sina Naserian, PhD, ScreenCell

Dr. Naserian presented a promising advance in liquid biopsy technology: high-yield filtration of
circulating tumor cells (CTCs) using ScreenCell technology. Although many current tests examine
circulating tumor DNA, CTCs offer a more complete picture because they are intact cancer cells
shed from tumors into the bloodstream.

CTCs contain the full biological information of a tumor, including markers that can guide
treatment decisions and insights into metastatic potential. Unlike DNA fragments, live CTCs can
be cultured and tested against therapies, enabling personalized drug sensitivity testing.
Importantly, clusters of CTCs are associated with worse outcomes and higher relapse risk, which
is information not obtainable from DNA-based tests.

The ScreenCell system captures CTCs by size filtration from 3 ml of blood, enabling rapid,
reproducible analysis. Validation studies in breast cancer showed detection in 100% of patients
with lymph node-involved disease, with significantly higher sensitivity than traditional marker-
based approaches. Integration with automated imaging and Al analysis allows processing of
dozens of samples in hours and identification of tumor mutations, potentially streamlining
workflows in cancer centers.

Clinical findings from studies of ScreenCell highlight the technology’s potential impact, he said. In
lung cancer, CTC counts distinguished benign from malignant lesions and mirrored treatment
response, with decreasing counts correlating with better survival and elevated levels signaling
higher mortality risk. In breast cancer, the presence of CTCs and CTC clustering predicted relapse
risk and response to therapy.

Despite these advances, there are several challenges to address to move this technology forward.
Sensitivity and standardization must improve, and clinicians will need guidance based on clinical
studies to understand how best to integrate CTC testing into routine care. Large-scale studies and
reimbursement pathways will be essential for widespread adoption.

Potentially, high-yield CTC analysis could transform cancer care by enabling earlier detection,
real-time monitoring, and personalized therapy selection. This approach represents a shift toward
less invasive, more precise, and more responsive cancer management, potentially improving
outcomes while reducing the burden of repeated tissue biopsies.

Discussion

The discussion shifted from showcasing technical advances to grappling with real-world
implementation, validation, equity, and patientimpact. A central theme was positioning
technology for meaningful patient benefit, not simply expanding measurement capacity. Dr. Gao
described a stepwise pathway for validating body-interfaced biosensors: first demonstrating
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biochemical accuracy against blood-based gold standards, then progressing from small to large
human studies across healthy and disease populations. He emphasized cost-conscious design
thatincluded disposable printed sensors that he estimated would cost under a dollar paired with
reusable readers to support scalability.

Questions about which biomarkers truly add value were front and center. Dr. Perakslis reinforced
that measurement alone does not equal improvement. Drawing on his lived experience as a
cancer patient under active surveillance, he highlighted the psychological burden of being “not
sick enough to treat” while living with ongoing uncertainty and the need to improve quality of life
for all cancer patients. Wearables and remote monitoring, he argued, should prioritize quality of
life (e.g., sleep, fatigue, anxiety, daily functioning) rather than simply detecting subclinical signals.
Their value depends on translating insights into actionable support, not just generating alerts.

Dr. Scott expanded the discussion to digital behavioral signals, underscoring the tension between
encouraging appropriate care-seeking and reducing overuse of health services. Panelists noted
that patient portals and online messaging systems already overwhelm clinicians, complicating
calls for greater digital engagement. She suggested focusing on optimizing existing consultations
and leveraging moments when patients are already in care rather than creating entirely new digital
pathways. Equity concerns surfaced repeatedly: willingness to share digital data varies across
socioeconomic and ethnic groups, raising the risk that digital detection tools could widen
disparities.

Commercialization challenges also emerged. Dr. Perakslis described the difficulty of aligning
medical-grade validation with consumer electronics companies accustomed to mass-market
scale. The panel distinguished between consumer wellness devices used algorithmically for
pattern detection and regulated clinical devices requiring FDA pathways, suggesting these should
be developed in parallel but with distinct expectations.

On validation standards, consensus formed around phased evaluation: controlled clinical
validation followed by real-world testing, often beginning in high-risk populations where signal-to-
noise ratios are stronger. Regulatory framing including decision support versus definitive
diagnostics was identified as strategically important.

Across technologies, the panel repeatedly returned to a shared principle: innovation must move
beyond detection toward measurable improvements in access, equity, quality of life, and
outcomes.
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SESSION 5: CLINICAL VALIDATION FOR POPULATION LEVEL DYNAMICS, ETHICS, AND DATA
INTEGRITY

From Screening Test Performance to Population Outcomes: Can Data Bridge the Chasm?
Ruth Etzioni, PhD, Fred Hutchinson Cancer Center

The sensitivity and specificity of a screening test isn’t the ultimate measure of its quality, Dr.
Etzioni began. The true measure is through population outcomes: Does it reduce late-stage
diagnoses, cancer deaths, and overdiagnosis, or upgrade quality of life?

For example, an early Al predictive test for ovarian cancer based on awoman’s individual CA125
trajectory seemed very promising, with high sensitivity and specificity. When investigated in the
UKCTOCS trial and compared to ultrasound alone, the Al group showed no reduction of mortality
on long-term follow-up. Worse, it wasn’t possible at the time to explain why the test failed to
deliver in the real world.

The answer to this mystery: We need to consider biology, she said. “Performance” is a cross-
sectional measurement, but what we actually want to know is how performance interacts with
cancer biology: Is a signal generated early enough to intervene? She introduced the idea of
“sojourn time,” the early preclinical stage during which a cancer signal is detectable and effective
intervention is still possible. A testis useful only if this sojourn time is long enough to detect and
intervene. It differs between cancers.

Looking at how incidence changes in screened populations can provide insights into the
opportunities for early detection. The introduction of prostate cancer screening, for example, led
to an enormous surge in incidence, pointing to an extended period of time in which the canceris
still “under the surface,” as she said. Probing incidence under screening, ideally by subtype,
makes it possible to predict population outcomes on stage-specific incidence and imputed
mortality.

In one study, she and a colleague compared screen-detected diagnoses of ovarian cancer to
diagnoses in the interval (between screens). High-grade serous carcinoma (HGSC) had a mean
sojourn time of less than 2 years and an early detection window of less than 4 months. In non-
HGSC, the sojourn time stretched out to 8 years.

In the natural history of HGSC, the cancer begins in the fallopian tubes and eventually migrates to
the ovaries, where it quickly metastasizes; transvaginal ultrasound can detect cancers only at this
late point.

Breast cancer is a very different case. Using data from the Breast Cancer Surveillance Consortium
(BCSC), she examined screen-detected cancers and applied a simulated cohort of natural history
to estimate that roughly 15% of screen-detected cancers are overdiagnosed.
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The upshot is that different cancers create different opportunities for intervention, ranging from
estimates of approximately 3.5 to 6.5 years in breast cancer to 7 to 14 years in prostate cancer.

The challenge with multi-cancer early detection tests is that the opportunity window for
intervention is generally assumed, rather than established, she said. Data from screening studies
of large populations, such as the UKCTOCS and BCSC, can provide more insights into opportunity
windows, potentially bridging the gap between performance and outcome. This can direct
informed decisions about which cancers should be screened for, and age and time interval
considerations.

Ethical issues in direct-to-consumer health care
Ashwini Nagappan, PhD, UCLA

Finally, Dr. Nagappan introduced the landscape of direct-to-consumer (DTC) products for cancer
detection and reviewed the ethical issues they have raised. Commercial offerings include multi-
cancer early detection (MCED) products like Cancerguard, single-cancer tests like Cologuard or
the Teal Wand, genetic risk assessments, and full-body MRI. These are generally marketed as tools
for health-conscious consumers.

DTC health care can have benefits, she said. It can help people overcome barriers to access. For
example, these tests are convenient, anonymous, and offer autonomy. People who order their
own tests may also help relieve some pressure on an already overly burdened health care system.

Ethical concerns vary depending on the type of product. Many are product related: Does the
product identify what it claims to detect (analytical validity)? Is it accurate (clinical validity)? And
does it provide information that can shape patient management (clinical utility)? In addition, some
products may not provide enough information for customers to interpret the test results. And DTC
tests are not covered by HIPAA, raising the risk of privacy breaches.

Also, the availability of DTC health care products can change the relationship between patients
and doctors. Similarly, they may increase overall system costs if they result in unnecessary follow-
up testing and procedures. They may also increase fragmentation of care and exacerbate
inequities.

Dr. Nagappan cited two prime examples of DTC screening: HPV self-collection for at-home
cervical cancer screening, which the Women’s Preventive Services Guidelines now endorse and
insurers will soon be required to cover. And MCED tests, which it’s unclear whether Medicare will
cover because there are currently no FDA-approved tests.

As offerings proliferate, Dr. Nagappan highlighted several actions that could follow: researchers
may want to explore whether DTC screening reduces mortality or improves quality of life; patient
advocates will want to monitor industry practices and advocate for equitable access; and funding
organizations may want to support research to validate DTC tests or explore their use in under-
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served populations.

Discussion

Regarding the flaws and disappointments of screening tests, participants pointed to lessons
learned from the Covid-19 pandemic: The public may not understand when and how to trust test
results. Nonexperts may have difficulty fully comprehending the benefit and/or harms of a
screening test, given the absence of a counterfactual situation.

“Many prostate cancer survivors will say that the test saved their life,” said Dr. Etzioni. “But they
don’t know what would have happened if they did not have [a PSA] test.”

The accessibility of artificial intelligence options adds another wrinkle, because people may not
understand the context necessary to interpret information generated by Al. “It puts so much
burden on the individual to make sense of the results,” said Dr. Nagappan.

An audience member spoke about the difficulty that patients may have in getting timely care from
their doctors, and that DTC products can offer another option. But Dr. Sorger warned of the
potential danger of false positives driving overuse of health care resources. Dr. Nagappan
mentioned the unintended consequences of commercializing a test before it is ready and the
damage that can be done by hype and false promises, such as in the case of Theranos.

From the audience it was proposed that although MCED tests uncouple research from marketing,
there may be opportunities to reconnect the two, perhaps through the embrace of real-world data.
Dr. Etzioni suggested that this may be an opportunity for a new kind of medical professional who
can be a bridge between marketing and research-supported recommendations, analogous to a
genetic counselor.

GROUP DISCUSSION & CONCLUDING REMARKS

The concluding discussion emphasized that this summit should not be a one-time event, but the
beginning of an ongoing, strategic effort by SU2C to shape the rapidly evolving early detection and
diagnostics landscape. Participants urged SU2C to use the summit discussions and conclusions
as a blueprint for action to guide future programs, partnerships, and funding priorities.

A central recommendation was that the scientific community must not cede the multi-cancer
early detection space solely to commercial test developers. With DTC diagnostics likely to
expand, SU2C has an opportunity to become a trusted voice. This includes proactively tracking
emerging technologies (ctDNA, exosomes, novel specimen types such as sweat, radiologic Al
approaches) and ensuring that validation, clinical utility, and unintended consequences remain
central to the conversation.
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Speakers highlighted the importance of using existing assets more effectively. Massive
repositories of tissue and liquid samples represent an underused resource that could power
retrospective validation and accelerate assay development. At the same time, there was caution
against focusing too much on a single modality such as ctDNA. While ctDNA may be “low-hanging
fruit,” SU2C was encouraged to maintain technological breadth and avoid narrowing prematurely,
as multiple detection platforms are likely to mature in parallel.

Several structural recommendations emerged:

e Create arecurring forum or standing initiative to sustain the cross-disciplinary dialogue
that proved so valuable at this meeting.

e Consider hosting a similar session at the AACR annual meeting to amplify the message and
give this field a visible “home.”

e Convene aroundtable across major societies (e.g., AACR, American Cancer Society) to
coordinate efforts, reduce duplication, and potentially approach NIH or other funders with
aligned priorities.

e Develop more explicit mechanisms within SU2C to foster collaborations, rather than
relying solely on organic networking.

There was also recognition that funding realities are shifting. Industry investment patterns are
changing, and major technology companies are increasingly active in consumer health but not
necessarily contributing to rigorous biomedical research. SU2C may need to actively engage large
tech firms to ensure that commercial ambitions align with scientific standards and patient
benefits.

Finally, speakers stressed clinical utility and implementation science. New assays should not
merely generate data but rather be decision-guiding and improve patient outcomes. The group
underscored the need to consider how tests will be used in real-world settings, how clinicians will
interpret consumer driven results, and what unintended downstream effects may occur.

Overall, SU2C was encouraged to serve as convener, validator, and bridge-builder, linking
technology, academia, clinical practice, societies, funders, and industry to ensure that innovation
translates into meaningful, evidence-based improvements in patient care.
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