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Executive Summary

Cancer is the second-leading cause of death in the United States (2021)* and causes 1 in 4 deaths in the
UK (2019).2 Early detection and treatment has been a key to reducing cancer mortality. Yet early
detection of many cancers remains elusive. Recommended population screening modalities are only
available in the US and UK for a few of the more common cancers: breast, colon, lung, cervical, and in
some circumstances in the US, prostate. Taken together, these cancers represent less than half of all
new cases of cancer diagnosed each year in the US.® Effective screening tools for additional cancer
types could foster continued progress in reducing cancer mortality. Multi-cancer early detection (MCED)
tests represent a possible set of tools to expand the range of early cancer detection.

This paper is intended inform providers, guideline developers, regulators payers and other decision-
makers who will need to make judgments about the benefits and risks of MCED testing in the context of
substantial uncertainty. While MCEDs also hold promise for diagnostic use in symptomatic patients, the
focus here is screening. The paper provides an overview of the limitations of currently available cancer
screening tests, the promise of MCEDs for cancers without established screening tests, the current state
of MCED test development, the evolving evidence landscape for use of MCEDs in cancer screening, and
the shape of clinical evidence needed for further development.

MCEDs are (primarily) blood-based tests able to detect the presence of multiple cancer types through
identification and analysis of circulating tumor cells, cell-free DNA, proteins, and other markers.* Many
tests are currently in development. Published validation studies display tests having a range of test
designs and performance characteristics, varying abilities to predict tissue of origin, and large variation
in the extent to which tests have been trained and validated. The most developed of these tests thus far
have been designed for very high true negative rates (high specificity) with the tradeoff that many true
positives are missed (variable sensitivity by cancer type). This design represents an inversion of the
conventional guideline-directed, single-cancer screening paradigm, where screening tests have very high
sensitivity but also relatively lower specificity.

Despite their variable sensitivities for individual cancer types, MCEDs have the potential to detect many
cancers at one time. Individual cancer types are relatively uncommon in an asymptomatic adult
population, while cancer in the aggregate is much more common. By casting a wide net for cancers of
many types, MCEDs reduce the number of individuals needed to be screened to identify a true positive,
increasing the overall probability of finding cancer in screening populations. While MCED testing is still
nascent, and few clinical utility studies demonstrating benefit to patients have been completed, the
technology and its potential uses are evolving rapidly. Some tests are already available commercially
and—considering the immediacy of the continuing public health impact of cancer—some health systems
are already exploring integration of MCED cancer screening into clinical practice alongside guideline-
directed single-cancer screening.

Therefore, rapid evaluation of clinical utility is needed. Yet randomized controlled trials (RCTs) with
mortality endpoints, which are the gold standard for assessing new screening tests, can take decades
and many thousands of patients to yield results. In the interim, MCED tests are likely to evolve rapidly,
diminishing the relevance of trial results. There is also potentially significant opportunity cost in
deferring adoption of screening tools that could reduce cancer mortality. One notable exception is a UK-
based MCED screening trial has been able to rapidly recruit 140,000 patients through the National
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Health Service to assess an intermediate endpoint (stage shift) relatively quickly — within three to four
years of randomization — followed by longer-term assessment of cancer-specific mortality.> Although it
evaluates only one test among many, the trial demonstrates the possibility of rapid recruitment of large
populations within large, integrated health systems and points the way towards one use of intermediate
endpoints.

Given this rapidly evolving landscape, even as longer-term RCTs with mortality endpoints are being
developed, we argue for a collaboratively pursued, parallel strategy for more rapid evidence
development. This evidence generation strategy, or clinical utility framework, would articulate a plan of
studies, including randomized trials with intermediate or surrogate outcome measures, observational
studies, real world data collection and modeling, capable of providing a rational basis for decision-
making while insights into mortality benefits gradually emerge. Although the recommended studies
would not produce the traditional level of certainty that inform single-cancer screening
recommendations, they would contribute to a growing body of knowledge, maturing on a continuum,
that would provide for increasing confidence in decision-making as results accumulate.

The MCED Consortium has made progress toward developing this clinical utility framework. The
Consortium is a non-profit organization with a mission to reduce the burden of cancer by evaluating how
MCED technologies may improve cancer detection, treatment, and care to benefit all people.® The
framework is being developed by the MCED Consortium’s Clinical Utility Workgroup, which is comprised
of experts representing academic researchers with expertise in cancer screening, regulatory experts,
payer organizations, diagnostics companies, and others with a shared interest in assuring high-quality
evidence is accessible to decision-makers as quickly as possible.

In this paper we preview key methodologic strategies we believe must be adopted for successful
evidence development. We aim to build support for this approach, to help set expectations for future
studies to inform clinical and policy decisions, and to take a first step in preparing stakeholders for a
coordinated effort in evidence generation.

The framework is informed by the perspectives described above and several additional key principles.
Underlying each of these concepts is the recognition that generating more certain evidence requires
more time and more patients. The potential harms of early adoption must be carefully balanced against
the potential harms of failing to detect cancers that may be more amenable to effective therapy. Key
principles for the forthcoming framework include the following.

e MCED tests are designed on the principle that all tumors have shared biological features, with a
common set of cellular products accessible through the circulatory system. This biology allows
for the detection of a cellular signature associated with many different types of cancer. As
such, MCED tests are intended to be used and evaluated as a single, integrated test; not as a
panel of individual cancer screening tests. Variations in natural histories of, and treatment
options for, individual cancer types may create the need in some circumstances to evaluate
MCEDs on a cancer-by-cancer basis (or even by subtypes of a given tissue of origin). The clinical
utility framework considers the circumstances where cancer-specific analysis and reporting
may be needed while maintaining the fundamental principle that MCEDs function as a single
test.

e Development and use of intermediate and surrogate endpoints likely to correlate with
effectiveness of MCEDs in screening will be necessary to support nearer-term evaluation of
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MCEDs. Such endpoints should be judiciously chosen and standardized in their use so that
comparisons can be made across studies, facilitating more rapid learning. At this time, a key
candidate measure is an increase in detected incidence of early-stage cancers with a
corresponding decrease in detected late-stage cancers (stage shift). Other useful tools might
include assessment of the proliferative rate of detected tumors as determined by gene
expression profiling and possibly the pathological grade of tumors. Proliferative rate is
indicative of tumor aggressiveness, which is frequently correlated with tumor lethality. There
may also be a similar relationship between pathological grade and lethality. These assessments
may therefore provide insights about the impact of MCED screening tests on preferential
detection of potentially lethal cancer types vs. possible overdiagnosis of indolent cancers. In
addition, a more conventional endpoint in oncology trials, time-to-progression, might serve as
a useful surrogate for mortality.

If and when MCED tests are adopted for screening, it will be crucial to employ strategies for
ongoing learning about test performance and associated outcomes that can complement data
generated from screening RCTs and other studies. Plans for the development and use of real-
world data (RWD) to generate real-world evidence (RWE) integrated meaningfully with other
studies are therefore a central focus of the emerging framework. One key priority is to
standardize data elements (e.g., data collected on patient characteristics, clinical confirmation
procedures and pathology, MCED test screening characteristics, etc.) and definitions used to
assure comparability between datasets. Furthermore, policy mechanisms to promote broad
collection of these standardized data elements are essential.

Evidence generation is viewed as a continuum over which study questions, study designs, and
study outcomes will evolve. Although a continuum, the pathway for evidence generation will
not be strictly linear. Improvements to testing technology are expected and will be accounted
for. Results from completed studies will inform rethinking of other, ongoing work, and offer
insights into the design of future products and future studies.

Cooperation and collaboration of many stakeholders is needed for successful near- and
intermediate-term evaluation of MCED screening. For example, this is necessary in the context
of standards for clinical validation data and reporting needed to inform clinical utility study
designs. The Consortium will seek alignment with others working in this area, notably the US
FDA and BLOODPAC. Likewise, cooperation and alignment on collection of RWD must be
sought from health systems, employers and other organizations that initiate MCED testing. In
these and other ways, a community of stakeholders must be engaged and mobilized.
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Introduction

Cancer is the second-leading cause of death in the United States (2021)” and causes 1 in 4 deaths in the
UK (2019).2 Effective prevention, detection, and treatment have been key strategies for achieving
reductions in disease-specific mortality for some cancers over the past two decades,’ yet early detection
of many cancers remains elusive. In 2018 in England, almost half (45.5%) of cancers with known stage at
diagnosis were diagnosed in stages 3 or 4.1° Population screening modalities are only formally
recommended for a few of the more common cancers: breast, colon, cervical, lung (for individuals with
elevated risk in the US and soon to be introduced in the UK), and prostate (in some cases in the US, but
not in the UK). Taken together, these cancers represent less than half of all new cases of cancer
diagnosed each year in the US.X This is true, in part, because the high cost and methodologic feasibility
of evaluating screening modalities for individual cancer types is not practicable for low-prevalence
cancers. Earlier detection and treatment may improve mortality for some of these cancers and, if more
cancers are cured, may reduce per-cancer medical costs for cancer care, which were estimated to be
$157.7 billion in the US in 2020.% For continued progress on early detection, diagnosis, and treatment of
cancer, expanded screening tools to identify less common cancers are needed, along with efficient
methods to evaluate the clinical validity and utility of emerging tests. Recent advances in blood-based
screening tests have led to the development of multiple cancer early detection (MCED) tests which may
offer a pathway to population screening and detection of cancers for which no screening tests currently
exit.

MCEDs are blood-based tests able to detect the presence of multiple cancer types through identification
and analysis of circulating tumor cells, cell-free DNA, proteins, and other markers.'* Aggregating many
cancer types into one blood-based test platform for screening represents a fundamentally different
testing paradigm with many potential advantages, including non-invasiveness and ease of use that may
promote adherence to recommended screening protocols. In addition, leveraging the aggregate
prevalence of many cancers increases the likelihood of identifying cancer (of some type) through the
process of screening. Nevertheless, there are significant challenges to designing studies that evaluate
the benefits and harms of MCED screening, and there is not yet an established cancer screening
paradigm for this class of tests. Moreover, given that several MCED tests of varying designs are in
development, study results for one type of MCED test may not be assumed to stand in for others. Given
varying test performance characteristics, inclusivity of different cancer types, and the variety of
subtypes and natural histories for each cancer, increased detection could lead to unnecessary treatment
of non-lethal cancers (sometimes called “overdiagnosis”) and lethal cancers could still progress too
quickly to be caught in the screening window.

From a methodologic perspective, the gold standard approach to assessing potential benefits and harms
of new screening modalities is to conduct large, randomized studies measuring long-term patient
outcomes, including disease-specific mortality endpoints, before introduction into widespread use.
Expectations for these studies by guideline developers such as the US Preventive Services Task Force
(USPSTF) and the UK National Screening Committee (UKNSC) are high. Yet the evaluations are so
lengthy, the ultimate results may not be relevant to rapidly evolving technologies. Meanwhile, cancer
mortality will amass even as knowledge of screening benefits and harms may come too slowly to guide
patients and providers in the interim. For MCEDs, the availability of laboratory developed tests (LDTs)
(which in the US can bypass Food and Drug Administration review procedures) means that patients and
providers who desire it will be able to access testing for their own purposes. The need is urgent,
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therefore, for near-term evaluations to be done even as large, long-term studies are planned.
Accordingly, while acknowledging the need for RCTs with mortality endpoints, the MCED Consortium
supports a strategy of multiple parallel studies and ongoing data collection for evaluation of the
benefits, risks, and costs of MCED screening.

For this reason, the Clinical Utility Workgroup of the MCED Consortium has developed this white paper
to review the current landscape for MCED tests and suggest a framework of clinical utility studies that
would provide reasonable confidence of the risks and benefits of using MCED tests in cancer screening.
The ultimate framework would envision an evidence base in the short, intermediate and long terms to
evaluate MCED tests for cancer screening now and, as they evolve over time. The MCED Consortium is a
non-profit organization with a mission to reduce the burden of cancer by evaluating how MCED
technologies may improve cancer detection, treatment, and care to benefit all people.'® The Clinical
Utility working group is comprised of experts representing academic researchers, payer organizations,
and diagnostics companies having a shared interest in assuring high-quality information is accessible to
decision-makers as expediently as possible.

The focus of this white paper is on MCEDs that test blood for screening asymptomatic adults. Yet liquid
biopsy is emerging as a flexible approach to detecting cancers in other contexts.!® Sample media may
include blood, urine, saliva, or cerebrospinal fluid. Analysis may focus on single or multiple cancer types
for diagnosis, treatment response, relapse monitoring, or other purposes. Multi-cancer tests will
therefore also likely be used for diagnosis of symptomatic patients and other purposes in various body
fluids. The Clinical Utility Workgroup will address diagnostic use of MCEDs in a separate paper.

Our target audience is clinical and health policy decision makers in the US and UK, including US primary
care clinicians and payers. By describing current available evidence and anticipating a pathway and
rationale for future clinical studies, we can help to set reasonable expectations for available evidence
and outcomes over time. The future framework would then further inform decision-maker expectations
while providing a road map for test developers as they consider how to design studies intended to
inform these decision-makers.

Role for MCEDs, Potential Benefits, and Possible Harms

Limitations of Current Screening Modalities

Successful treatment of most cancers relies on detection prior to the onset of metastatic disease, when
treatment may alter the natural history of the cancer, possibly for a cure, extend survival, improve
quality of life and/or control symptoms. Various entities in the US and UK (e.g., the USPSTF; American
Cancer Society, ACS; UKNSC; Cancer Research UK, CRUK) recommend screening for common cancers
(breast by mammography, cervical by Pap smear, colorectal by colonoscopy or non-invasive stool-based
testing), and in the US and in England also lung by low-dose CT imaging of high-risk people who formerly
or currently smoke). Prostate cancer screening is not recommended in the UK and is only used in certain
circumstances in the US.Y The recommendations are based on evidence that when employed
appropriately these tests reduce cancer mortality.? Their use highlights the power of screening to
detect non-metastatic cancer types amenable to cure, and in some cases (cervical CIS and colonic
adenomas) allowing identification and removal of precancerous lesions.
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Nevertheless, the current guideline-directed screening programs suffer from many limitations. The
cancer types covered by these programs only comprise approximately 38% of the entire cancer
mortality burden in the US in 2022° and 18% in the UK in 2020.%° Hence, there are no organized
screening programs for cancer types that contribute in aggregate to the majority of all cancer deaths,
including those, for example, of the pancreas, liver, esophagus, and ovary. These four cancers are
typically diagnosed at a late stage in most patients; hence their prognosis is generally poor. In aggregate
these four cancers accounted for approximately 18% of cancer deaths in the US in 2022 and almost 17%
in the UK in 2020.2%22 Despite the benefits that accrue from screening programs, more than 600,000
people a year nevertheless die of cancer in the US, over 378,500 of these for which there are currently
no recommended population screening tests. The cancer types currently included in organized screening
represent those that are the most common (except for cervical cancer, which was a common cancer 70
years ago when cytology screening became established). Screening strategies for breast, colon, prostate,
and lung cancer all benefit from the practicality of imaging or direct access to tissue (with tolerable
morbidity for surgical excision) or tumor derived DNA and blood-containing samples (fecal). The absence
of some or all of these qualities, in addition to lower prevalence, may partially explain why there has
been greater emphasis on developing new screening technologies for cancers with established screening
recommendations rather than bringing novel cancer types into the fold.

Finally, while adherence to screening guidelines varies by cancer type and by population subgroup,
adherence rates for these screening modalities are often suboptimal. In the US between 2000 and 2015,
overall uptake for cervical screening was 81.3%; for breast cancer screening was 71.7%, and for
colorectal screening was 63.4%.%® Uptake of National Health Service (NHS) cancer screening programs in
England in 2019-2020 was 72.2% for cervical screening® and 69.1% for breast screening,” while from
2012 to 2015 it was 57.9% for colorectal screening.?® Sociodemographic patterns of uptake can be
complex. In the US, for example, non-Hispanic Black women have higher uptake of mammography than
white women (69.7 vs 65.8%), while other ethnic groups all have lower coverage (e.g., 60.9% in Hispanic
women). Nevertheless, uptake is consistently negatively correlated with economic disadvantage. For
example, colorectal cancer screening uptake is consistently lower in areas of greater deprivation in
England, and women in these areas are less likely to take part in breast, cervical and colorectal cancer
screening. 2?8 Year-over-year declines were seen for colon cancer screening uptake in the UK between
2010 and 2015, and the declines were socially graded: for the most and the least deprived area-level
socio-economic deprivation quintiles, uptake was 43% vs 57%; for the most and the least area-based
ethnic diversity quintiles, uptake was 41% vs 56%; and for men and women, uptake was 47% vs 56%.%°
Similarly, Americans having higher education, higher income and health insurance are more likely to
have had a recent breast, cervical and colorectal cancer screening.® In the US, lung cancer screening has
been consistently low, with use of low-dose computed tomography (LDCT) in eligible persons under
10%.3! In addition, over time adherence to repeated screenings declines for both serial single cancer
screens and for screening across multiple sites (i.e., breast, cervical and colon).3%33 Even individuals who
follow current guidelines are substantially more likely to be diagnosed during their lifetime with a non-
screened cancer than those for which they were screened.3*

To foster continued gains in population-level reductions in cancer mortality, additional or potentially
improved approaches to screening are needed to identify more cancers earlier and improve access and
adherence to screening. Because of their ability to screen for multiple cancer types simultaneously and
conveniently, MCEDs may be promising for overcoming these challenges.
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Potential of MCED Test to Address Unmet Need in Screening

Unlike the single-cancer screening modalities noted above, MCED tests are designed to detect multiple
cancer types simultaneously. MCED tests potentially combine several advantages which, ultimately, can
lead to improved public health: 1) the ability to detect cancer types currently lacking routine screening
modalities, including rare forms for which screening modalities are unlikely ever to be developed
individually; 2) aggregation of many individual cancer types, leading to a relatively low number of
asymptomatic individuals needed to be screened before finding some type of cancer ; 3) for many
MCEDs, multi-cancer detection with high specificity, meaning a high rate of true negative findings; 4)
multi-cancer detection in a single, easily used, minimally invasive modality.

MCEDs measure cancer-derived biomarkers in body fluids, such as blood or urine, making the screening
procedure for individuals generally less invasive and easier to accomplish, possibly becoming part of
routine primary care visits. This simplicity may help to promote better adherence to future screening
guidelines if patients have access to testing through insurance coverage (in the US) or provision through
the NHS (in the UK). Some MCEDs can also provide insights on tumor biology (e.g., mutations) that may
be informative for guiding treatment. MCED tests have the potential to detect cancer earlier than it
would otherwise be detected symptomatically or incidentally. If so, MCED testing could facilitate earlier
initiation of treatment, when a cancer may be more amenable to treatment, leading to improved
outcomes.

By increasing the numbers and variety of cancer types detected through a single screening modality, the
number of individuals needed to be screened to find a cancer (NNS, or number needed to screen) tends
to be lower for MCEDs than for single-cancer modalities. 3°> For example, using a test with theoretically
perfect performance characteristics, the NNS to find one esophageal cancer among average Americans
aged 50 to 80 is 1,000, whereas to find any cancer the NNS is only 33).3¢ In effect, screening with an
MCED has a greater likelihood that some type of cancer will be detected as compared to single-cancer
modalities. This is a direct consequence of the fact that the prevalence of a single cancer in an
asymptomatic average risk population is very low, while the combined prevalence of all cancers
(aggregate prevalence) is higher.3” Currently MCED false positive rates can be high (e.g., ref. 38) and the
sensitivity of detecting early-stage cancers is still often less than that for detecting late-stage cancer (e.g.
ref. 39). Nevertheless, the possibility of leveraging aggregate prevalence and reducing NNS for multi-
cancer screening is suggestive of enormous potential for MCEDs to significantly improve the efficiency
and cost-effectiveness of cancer screening.*

As noted, many MCEDs are currently being developed to achieve low false positive rates (high
specificity).442434445 While guideline-based single cancer tests can be highly sensitive in detecting
cancer (high true positive rates), the false positive rates can be very high, leading to a significant number
of recalled patients for further evaluation. Some proportion of this recalled cancer-free group will
potentially undergo unnecessary invasive diagnostic procedures. MCEDs with low false positive rates
would thus potentially be associated with reduced unnecessary recall and follow-up. The tradeoff is that
MCED tests have limited sensitivity for some cancer types and would therefore also miss opportunities
for detection. Even so, given that feasible screening modalities are lacking for most cancers, even a test
with suboptimal sensitivity may be an improvement over nothing if downstaged tumors have better
outcomes and unnecessary recall is infrequent. With continued innovation and improvement, the
potential of MCEDs to address the unmet needs of current guideline-directed screening may be
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possible. (For information on how providers should consider and interpret MCED statistical sensitivity
and specificity data within the clinical context, see the MCED Consortium Care Delivery Workgroup
white paper.*)

Clinical Utility and Limitations of Randomized Trials for Evaluation

“Clinical utility” refers to a diagnostic or screening test that is useful to change the management of a
patient for improvement of net health outcomes.*”*#% A screening or diagnostic test does not have
inherent utility; rather, utility is conditioned on the outcomes of specific therapeutic or other
management decisions made based on the test result.*®

The gold standard approach to evaluating the clinical utility of a cancer screening test in asymptomatic
individuals is to conduct a large randomized clinical trial (RCT) with disease-specific mortality from the
target cancer as the primary outcome measure.’*? The main advantage of RCTs is to mitigate biases
(such as lead time, length time, and selection biases) that alternative designs may not fully address. In
addition, an RCT powered to assess a reduction in cancer mortality assures that the intended use of a
screening modality can ultimately result in lives saved or significantly prolonged through treatment of
the cancer earlier in its natural history. Another advantage of conducting an RCT with a mortality
endpoint is that the findings are widely seen as unassailable. Lacking supporting evidence from an RCT, a
test may be judged to be unproven and face considerable downstream challenges to clinical adoption
and payment. It is fair to say that “it takes a village” to move from evidence to policy. Favorable findings
from an RCT can open the gates to implementation.

This high bar for evidence comes at a high cost. The decision to launch a prospective RCT of cancer
screening means an enormous commitment of time and resources to answer a narrow question (i.e.,
does a particular screening protocol result in a more favorable outcome measured by a lower rate of
disease-specific mortality compared with no screening, or screening with an alternative screening test).
An RCT with a cancer mortality endpoint typically requires a large sample size to have adequate power,
long durations of time for planning, enroliment, multiple rounds of screening, and an extended period of
follow-up to measure outcomes and report results. Time from planning to study completion is
commonly measured in decades. This timeline leads to many challenges. Long enrollment periods can
lead to significant washout of the intervention effect when screening rounds end for initial enrollees and
follow-up ensues while new enrollees begin screening. RCTs can underestimate the true benefit of the
intervention due to practical design compromises allowing study durations shorter than a lifetime of
screening and follow-up. Over time, failure to adhere to the randomization assignment (when
individuals in the experimental group do not attend and individuals in the control group receive the
intervention outside of the trial) can significantly erode statistical power and prolong follow-up.
Moreover, interpretation of the results of lengthy trials can be confounded by changes in practice
patterns, adoption of new therapies, and improvements in testing technologies arising during the study.
For these reasons, relying on a single, decisive RCT to determine the value of a screening test many
years after it is launched can be seen as unwisely “putting all the eggs in one basket.” Doing so delays
acquisition of new knowledge and can discourage investigations to explore contemporaneous questions
the ongoing trial was not designed to answer.

Looking retrospectively, it is difficult to identify a prevention/early detection RCT that ultimately met all
its goals. In the end, the protocol may be judged as effective for some but not others in the target
population, as was the case with single-view, biennial mammography screening in women ages 40-49 in
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the breast cancer screening RCTs.>® Or we may find the protocol was flawed, as we saw in the early trials
for lung cancer screening by chest x-ray.>* For many years afterward, the lack of efficacy of lung cancer
screening was considered settled science—all lung cancer screening, not only screening by chest x-ray—
despite the serious defects of trial design.>® In another example, results of two ovarian cancer screening
trials (the ovarian arm of the PLCO [N = 78,216] and the United Kingdom Collaborative Trial of Ovarian
Cancer Screening Trial [UKCTOCS, N = 202,638]) were not published until 18 and 20 years after initial
randomization.>®>” The findings from both studies, which showed no reduction in ovarian cancer
mortality, were important but not timely. Similarly, mortality outcomes for prostate cancer screening,
and the revised guidelines recommending against its use in the general US population (which were later
reversed back to a recommendation for shared decision making), did not become available to patients
and providers until approximately 30 years after general PSA screening began to be adopted. The delays
in initiating and completing these studies poorly served patients and providers. Meanwhile, the full
PLCO trial cost $454 million (in 2011 dollars; $617 million in 2023 dollars).>®>°

While all clinical study designs have strengths and pitfalls, this brief review of long-term RCT limitations
suggests that we should energetically pursue near- and intermediate-term studies of MCED use in
cancer screening—both because of the promise of MCEDs to reduce overall cancer mortality, and
because their ease-of-use may promote rapid adoption.®® Studies parallel to RCTs are often discouraged
out of concerns regarding redundancy or undermining ongoing trials. Nevertheless, such investigations
are needed, first, as a hedge against potential RCT defects that threaten the ability to measure intended
outcomes. Second, and at least as important, for some decision-makers the development of early
evidence (observational and randomized with intermediate or surrogate endpoints) may prove sufficient
to introduce MCED testing earlier than would be possible if we relied entirely on the eventual availability
of RCT/mortality results. At this time, however, the UKNSC requires mortality reduction for the
introduction of new screening programs. Finally, as a practical matter, if RCTs with mortality endpoints
are assumed to be the only path forward, investment for test development is likely to flee and a unique
opportunity to expand cancer screening and reduce cancer mortality will be lost.

Accordingly, nearer-term alternative evidence strategies are needed to evaluate MCED in a manner that
compliments and informs emerging trial designs and that evolves as evidence accrues. The needed
evidence framework will be the subject of a separate white paper. This discussion has provided our
rationale for creating an investigational pathway for MCEDs to inform decision-making while mortality-
based RCTs are planned and carried out.

Potential Harms of MCED Screening and Early Adoption

Because of the relative rarity of individual cancers, for all screening modalities statistically speaking
there is a low likelihood that any single participant will benefit from routine cancer screening while any
harms associated with testing will accrue mainly to otherwise healthy people across multiple screening
intervals.5%%2 MCEDs can increase the overall likelihood of detecting cancers and therefore potentially
increase the likelihood of both benefits and harms in a screening population. The degree to which
increased benefits and harms are experienced could depend on the specific combination of cancer types
included in the MCED and on the performance characteristics achieved. Recognized potential harms of
screening and their relevance to MCED testing is reviewed here.
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Overdiagnosis

Some cancer types are more likely to grow and metastasize before they can be detected in a given
screening interval while slower-growing tumors (some proportion of which are indolent) are more likely
to be detected.®® The detection of a cancer that is either non-progressive or is detected by screening
shortly before the patient dies from other causes is commonly described as overdiagnosis. In either
case, the diagnosis may lead to unnecessary treatment and may cause significant harm. Since MCED
testing with blood is minimally invasive, it may be feasible to use a shorter screening interval than
conventionally used for single-cancer screens, making it more likely to find and treat both lethal cancers
and indolent cancers. Early data suggests that some MCED detection technology may preferentially
detect consequential cancers.®*% If so, it would help to mitigate concerns related to overdiagnosis.
However, more work is needed to characterize this phenomenon and its implications in practice. The
assessment of the proliferative rate of each detected tumor in screening studies could provide insight on
early detection rates of consequential cancers.

Positive Screening Test Follow-up and Correct Tumor Localization

A positive screening test commonly requires follow-up to determine if the initial finding was true or
false. This may entail additional testing, short-term surveillance, or possibly an invasive procedure. The
patient may experience harms from procedures or from the screening test itself if follow-up ultimately
yields a negative finding. Patients may experience emotional harm from this experience. Many MCED
tests are tuned to have a low false positive rate, which can reduce this concern.

Relatedly, an issue with all MCED tests that predict tissue of origin (TOO) is the risk of not consistently
and accurately identifying the TOO associated with a positive cancer signal. This challenge pertains
regardless of the mode by which TOO is predicted. A positive but indeterminate finding could trigger a
diagnostic odyssey for some patients.®® Such a diagnostic odyssey might involve more extensive
investigation, added potential for incidental findings, and possible emotional distress for patients. This
could be a challenge particularly in individuals with a positive MCED result that proves to be a false
positive after completion of a diagnostic evaluation. Moreover, concern over this risk can become a
barrier to adoption for some US payers or for the NHS, where resources are constrained.

Different MCED tests set forth different modes by which TOO is identified. One MCED test, which
determines TOO from methylation patterns, reported promising data (in a conference paper, not yet
published) as part of the PATHFINDER study.®” In this report, 39 participants with a cancer signal
detected by two versions of the same MCED test, including those with true positive and false positive
results, were studied. Diagnostic evaluations were consistent with cancer signal origin in 30/39 (77%)
cases. Diagnostic resolution was achieved in 32/39 (82%) participants after initial evaluation, while 7/39
(18%) required additional workup. This report provides an encouraging recent snapshot of test
technology that continues to evolve.

Another test in development addresses TOO localization using a different strategy by performing
diagnostic positron emission tomography-computed tomography scanning [PET-CT] without a predicted
TOO for each positive test result (DETECT-A study).®® This approach in the DETECT-A study correctly
localized all MCED-detected cancers for those individuals who's positive MCED result proved to be a
true positive. Other tests in development may offer different strategies for tumor localization.
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Guideline-based protocols are needed for the range of findings that will derive from MCEDs, and
evaluation needed of adherence to these recommendations.

False Negative Findings

Although false negative test results are not usually considered a harm of screening, there has always
been concern that if symptoms subsequently arise, the negative test result might deter seeking a
consultation. Since some MCEDs include cancer types for which guideline-directed screening already
exists, the absence of a positive signal for these cancers may give the individual a false sense of
confidence that the guideline-directed screening test is not needed, or that a consultation is not needed
if symptoms appear. Whether a negative MCED test results in inappropriate reassurance and reduced
adherence with standard of care screening is not known at this time, and it will be important to measure
such effects as MCEDs are evaluated. Clinical validation data published to date for many MCEDs exhibit a
range of sensitivities across individual cancers, many below 80%. Therefore, when MCED tests are used
for screening, some cancers may often be missed. Patient and provider education strategies will be
needed to ensure appropriate interpretation of results and encourage continued guideline-directed
screening. Engagement with a patient interested in an MCED test may create an opportunity to engage
and educate them about a comprehensive suite of recommended cancer screening tests and health
promotion.

Early Adoption

While early adoption is not a harm by itself, and may be beneficial for many individuals, as noted earlier,
harm to patients can come from the failure to gather meaningful evidence in an efficient and timely
fashion. In the UK system, there may also be economic impacts on the NHS, even if it has not yet
adopted MCED testing, if significant numbers of patients access MCED tests privately and then seek
further testing or reassurance from NHS providers.

Other Risks

Other risks worth noting are not directly caused by MCED screening itself but may be a consequence of
the research practices or the legal frameworks under which care is delivered. In research, racial and
ethnic diversity in test populations for MCED validation and utility clinical studies is crucial to assuring
tests perform well across subgroups and that any benefits seen can accrue equally across populations.®®
To do otherwise may exacerbate inequities in health outcomes. Additionally, in the US health system, a
positive finding of cancer by an MCED test may be deemed a “pre-existing condition,” even if the
individual is not symptomatic. Under US law, health insurance benefits cannot be denied or excluded
due to pre-existing conditions, however this prohibition does not apply to other forms of insurance such
as life, disability, or long-term care. Even so, we are not aware of cases of insurance denials based on
MCED results.

Current MCED Development and Evaluation

As noted, MCED tests measure biological signals that are the hallmarks of cancer in body fluids such as
blood and urine.”® While mutational analysis of tumor DNA may produce results limited to specific sites
of origin, cancer tumors share a common biology; numerous biomarkers amenable to evaluation are
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common to a broad range of cancers and are readily accessible in the circulatory system, enabling multi-
cancer detection.”® Circulating tumor cells, cell fragments, or cell-free DNA shed by tumors may be
analyzed for telltale changes in DNA or RNA sequences or other structural abnormalities, cancer-specific
tumor mutations, patterns of DNA methylation (indicative of changes in gene expression) or
fragmentation patterns. Antibodies or other immune-related cells may be targeted. Levels of protein
biomarkers may be analyzed. Levels of circulating tumor cells or other cell products may also be
informative (e.g., for assessing the clinical significance of detected cancer).”? Tests under development
use one or more of these parameters, the results of which are sometimes interpreted by machine
learning algorithms, to detect the presence of cancer. Depending on the test, a wide range in numbers
and types of cancers may be detected. For some tests, the cancer TOO may also be predicted.
Researchers continue to seek new approaches and additional biological signals that may indicate the
presence and site of origin of cancer.

As of this writing (August 2023), at least 10 MCED blood tests were found to be in various stages of
clinical validation for purposes of adult cancer screening.’>747576.77.7879,8081828 Ay of the analytes noted
above may be combined in a single test to produce a cancer signature or signal, and analytical
capabilities or methods for each analyte may vary among tests. Accordingly, differences in the target
biomarkers, analytical platforms, and algorithms used to process results lead to differing between-test
performance characteristics for each cancer detected. For tests capable of identifying TOO, the
frequency of correct identification varies between cancer types and between tests.

Before studies of efficacy and clinical utility can be justified, a screening or diagnostic test must be
shown to identify a condition of interest with well validated performance characteristics (clinical
validity). Early clinical validity is often determined through case-control studies in which blood (or other
types of) samples from patients with and without cancer are analyzed. The samples are typically post-
diagnosis (taken before initiation of treatment), sourced from biorepositories or from current known
cases at medical centers and other sources. Once the assay is “trained” to detect cancer (i.e., developing
a classification algorithm and cutoff points), then the test is “locked” to further changes and evaluated
in a separate, independent set of samples to determine performance characteristics (e.g., sensitivity,
specificity, positive predictive value, negative predictive value). While case-control designs with post-
diagnosis samples are economical and timely for initial test refinement and validation, they tend to
exaggerate screening test performance in the intended use population.®® Among other challenges for
these studies, the proportion of cancer cases to non-cancer controls is highly enriched, thus not
representative of intended use. For a more accurate understanding of test performance, clinical validity
should be assessed in prospective studies conducted in populations of asymptomatic, intended use
populations—the individuals for whom the test would be used in practice.

For the ten tests noted above, only three of the studies published were prospective interventional
studies conducted in large screening populations.®>8%8” Of these three, two were not designed with
clinical validation as the primary objective. 8% Results of another large prospective longitudinal study,
not yet published but available as a conference paper, was designed to assess clinical pathways
(numbers and types of procedures and time required to achieve diagnostic resolution following a
positive test result) as primary outcomes with clinical validation test characteristics as secondary
outcomes.® Two of the published studies conducted validation in patients with and without cancer
enrolled on a post-diagnosis basis with independent validation sets.’ °2 The remainder of the studies
constituted earlier phases of discovery with more preliminary assessments of performance. Given the
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variability of studies done, resulting test performance characteristics cannot be meaningfully compared
across different MCED tests. Note also that while tests are locked for a given study, at the conclusion of
the study a test may be unlocked and refined based on the results, then re-locked for another study.
Accordingly, the results for the same test may not be comparable across sequential studies unless the
researchers have designed the studies to allow comparison of test versions.

All told, the MCED tests reviewed here vary greatly in their level of development. However, at least one
has advanced to the threshold of clinical utility studies and has initiated a clinical trial with the NHS in
the UK. The trial enrolled an extraordinary 140,000 patients in a one-year period.’® This achievement
was facilitated by the centralized care delivery and data infrastructure of the NHS—advantages the US
health care system lacks. Even so, large integrated regional health systems in the US have been able to
serve as platforms for reasonably large screening studies of MCEDs.%*%>

So far, however, trials have focused on a single MCED test even as multiple tests are available, and more
are in development. Again, due to the differing between-test detection abilities, mortality outcomes of
the trials would need to compare death rates that were relevant to each of the cancers detected by
each test. Furthermore, MCED technology will be evolving. Platform trials (where several interventions
can be evaluated simultaneously against a common control group, with the ability to add new
interventions and update the control group throughout the trial®®) may be helpful in dealing with the
development of new tests and with revisions to existing tests. It is unclear whether such trials will be
able to adapt as rapidly and frequently as the test technologies evolve. However, the National Cancer
Institute (NCI) has proposed an adaptive platform trial that would include early stopping rules to
discontinue study arms with outdated tests, transparent processes for adding new study arms, and
concurrent observational studies to independently validate candidate MCED tests for inclusion.®”

While these efforts continue, complementary evidence generation is needed. Creating a portfolio of
systematic assessment of the benefits and risks of MCED tests will require sustained collaboration across
a range of experts and stakeholders, including test developers, clinicians, health systems, researchers,
funders and others, with engagement of crucial decision-makers such as the UKNSC and US FDA.

Overview to Elements of a Clinical Utility Framework

A clinical utility framework for MCED screening will describe an interconnected chain of data collection
strategies and study designs (both observational and randomized) that can support judicious clinical and
policy decision-making. With the goal of timely evidence development, the framework will suggest the
use of certain intermediate and surrogate endpoints and recommend approaches to confirm their
relationship to long-term outcomes. Robust clinical validation should be a prerequisite for advancement
to clinical utility studies. For this reason, a clinical utility framework may provide some guidelines for
demonstration of clinical performance. While a full and detailed account of the framework will be
undertaken in a separate paper, in this section we review some key aspects of study design and take
initial positions on how these must be integrated into the clinical utility framework we envision.

Aggregate vs. Single-Cancer Evaluation

Blood-based MCED testing is founded on the commonality of cellular products across tumors and their
accessibility through the circulatory system. Hence, MCEDs are intended to be used and evaluated as an
integrated single-test screening modality that can detect multiple cancer types, not as a panel of
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multiple different cancer screening tests. As such, the clinical utility of the test would be demonstrated
by an aggregate decrease in late-stage cancers and eventually a reduction in cancer-related mortality. As
noted above, the opportunity for improved population outcomes is enhanced by the ability of these
tests to identify cancers for which current standard screening tests do not exist, taking into account the
potential risks of overdiagnosis and harms from following-up positive test results.

Yet this framework for evaluating the clinical utility of MCED screening raises concerns. Each of the
cancer types identified by MCED tests has its own natural history, optimal screening window, and ability
to be treated that varies by stage of detection, tumor grade and molecular type, and other factors.
These sorts of differences are evident even within cancer types having the same TOO. These types of
concerns have shaped the current guideline-directed screening modalities; they do not share the same
target populations or screening intervals. These challenges are compounded with MCED screening,
where evaluation in the aggregate could average out subgroup (between-cancer type) differences in
benefit and harm, minimizing larger risks and concealing both large and negligible benefits for individual
cancer types targeted by the test. Even with high-quality TOO estimates, the complexity of diagnostic
workup following an MCED test has only been assessed for one test.® Even supposing a demonstrated
improvement in an aggregate outcome such as stage shift or overall survival, it cannot be taken for
granted that patients ultimately diagnosed with specific cancers, or diverse subgroups based on race,
ethnicity, tumor genetics, co-morbidities, and other characteristics, would benefit equally, i.e., have a
similar ratio of benefits to harms. (See research study recommendations from the MCED Consortium
Health Equity Workgroup.®®) This is an area of need for data-gathering.

That said, it is worthwhile to note that the issue of heterogeneity in the benefits and risks of
subpopulations within a screened group is also a feature of currently recommended cancer screening
tests. For example, mammography does not perform as well in women with significant mammographic
breast density.1°1% Some tumors are harder to image than others even in the non-dense breast. Some
tumors have immunochemical/histological features that are more challenging to treat (for example,
triple negative breast cancers) and they occur with roughly twice the frequency in Black women vs.
white women 292103 Screening guidelines vary in recommended screening intervals because some
guideline developers are more focused on harms than benefits (and vice-versa), but it is also known that
sojourn time varies with age groups. Most individuals undergoing breast cancer screening are unaware
of these variables or the fact that a positive finding could have a broad range of implications (not unlike
individuals undergoing MCED screening). Ideally performance would be uniform across populations. Yet
despite this heterogeneity, breast cancer screening programs still prevent many thousands of deaths
each year due to early detection, while not all subgroups of screened women are found to have similar
increased detection at early stages or reduced cancer-related mortality.’®* The individual tumor
outcomes are important, but if the test delivers an overall aggregate benefit based on the cancers that
are not covered by the current guideline-directed screening strategies, this would still represent an
overall benefit to screened patients since it demonstrates an advantage above and beyond the currently
recommended screening options. The advantage would be all-the-more evident if MCEDs were
additionally shown to catch interval (between-screen) cases of colorectal, breast, lung, and cervical
cancers, or cases in individuals who are non-adherent to guideline-directed screening.

Even so, it would still be valuable over time to learn more about the benefits and risks in patient
subgroups, and this applies equally well to breast cancer screening and MCED testing with heterogeneity
in the outcomes for individual cancer subgroups. This does not preclude the need to generate evidence
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on the outcomes for individual cancers. Over time, additional evidence on cancer-specific outcomes and
positive predictive values would be likely to improve the use of MCEDs by refining target populations
(which initially are broadly conceived), screening intervals (initially perhaps chosen more for
convenience in clinical practice than as an optimized screening strategy), or the cancer types included in
testing. This type of evidence can also bolster the information available to clinicians counseling patients
on MCED screening. Accordingly, at least one major US health plan advises MCED test developers to
include in their evidence submissions significant cancer-specific information, including TOO-specific
recommendations for clinical pathways to follow a positive test result.'® This type of laborious cancer-
specific data collection may be facilitated in the near term through efficient use of real-world evidence
(described in more detail below). Also, for chain-of-evidence studies designed to make an indirect case
for clinical utility, cancer-specific test performance specifications and other data are necessary (as in the
previously noted payer guidelines).

Ultimately, the goal of evaluation should be to assess the value of MCED as a single test administered
periodically to screen for cancer in a general screening population. A framework for clinical utility should
consider carefully the circumstances under which evaluations should be made by subgroup or cancer
type, seeking to build an evidence base that can rely on more streamlined studies as it matures.

Continuum of Evidence

The MCED Consortium sees evidence generation for MCEDs as layered and progressive, maturing on a
continuum as MCED technologies evolve. An evidence framework should build successively on case-
control studies, return of results studies, clinical utility studies, and RCTs before, or in parallel with,
assessment of mortality endpoints (Figure 1). Clinical studies and data reporting for MCED tests should
be well designed, planned, and coordinated and provide evidence with consistent measurement
standards across successive research milestones. These should include measures to sufficiently evaluate
clinical test performance, safety implications, and short-term/long-term clinical outcomes and
psychological outcomes to assess potential harms associated with false positive/negative MCED test
results.'®
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Figure 1. Continuum of Evidence
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Use of intermediate/surrogate outcome measures

There has been much interest in designing randomized trials using outcome measures for which changes
or manifestations are evident and measurable earlier than cancer-specific mortality to assess the value
of screening strategies. These are often called surrogate or intermediate outcome measures. Here we
will use the term “intermediate outcome” to denote outcome measures that the patient personally
experiences, such as stage of disease, grade and subtype of disease. By contrast, surrogates are
measures that are not directly experienced by the patient, such as biomarkers or genetic signatures,
which are related to the state of disease or other relevant outcomes (especially mortality). Intermediate
and surrogate outcomes can also be used as a means of stating that the cancer-specific mortality is
unlikely to be improved —i.e. as means of assessing a potential lack of benefit/futility.

Currently, the test of an intermediate or surrogate outcome to predict mortality is best evaluated
retrospectively with the findings from RCTs of cancer screening. For example, the principal benefit of
mammography screening is reducing the incidence rate of advanced breast cancer; researchers
established a correlation between reduction of late-stage disease and eventual mortality reduction
through retrospective analysis of screening trials.®” However, this type of retrospective analysis is not
yet feasible for MCED screening trials. Information from other trials may nevertheless be informative. A
group of UK and US investigators are currently conducting a review to associate various intermediate
and surrogate outcomes with mortality outcomes from approximately 50 trials of cancer screening
conducted to date. When complete, this review should provide significant insight on the best use of
surrogate and intermediate outcomes. Until then, other forms of reasoning are needed. The MCED
consortium’s clinical utility framework will therefore consider alternative modes of validation for
intermediate and surrogate endpoints, with focus especially on the utility of shifts in stage-specific
incidence, and the use of selected biomarkers and gene expression profiling, briefly outlined below.
Below we outline these and other possible intermediate endpoints to be considered more fully in the
forthcoming clinical utility framework. In addition, a more conventional endpoint in oncology trials,
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time-to-progression, might serve as a useful surrogate for mortality. Itis not described below due to its
familiarity, but it may also play an important role in the forthcoming framework.

Stage specific incidence outcome measures

Early-stage cancers (i.e., cancers detected early in the natural history of progression) are more
successfully treated and cured in almost every organ site and tumor subtype. Therefore, one of the most
compelling intermediate outcomes for cancer screening involves so-called “stage shift,” or the increased
incidence of diagnosis of a particular cancer type at an early stage, accompanied by a matched
decreased incidence of diagnosis of that cancer type at a late stage. While intuitively attractive, stage
shift is subject to biases that must be accounted for by researchers. If a cancer is detected early, before
the clinical presentation of signs and symptoms, then the starting point for measurement is moved back
in time. This shift (called lead time bias) makes survival time seem longer, even if early detection makes
no difference to when the patient dies. Length time bias arises from the differences between slower
progressing cancers and faster ones. Since the window of detection is shorter for faster moving cancers,
slower progressing cancers tend to be over-sampled in the screening process. The screen-detected
cohort is thus biased toward slower progressors with intrinsically better outcomes, which can artificially
inflate measurements of survival outcomes.

While some modeling studies have been done to estimate the impact on mortality when earlier
diagnosis is achieved,®® no direct assessment of clinical utility has yet been published. As noted above, a
large RCT of one MCED test was initiated in 2021 in the UK NHS.2® This trial of 140,000 persons
receiving three annual screens will measure as a primary endpoint the reduction in late-stage cancer,
which should be available in 2024. A secondary endpoint is to compare cancer-specific mortality in the
intervention and control arms using a retrospective nested analysis, followed by data on cancer
mortality in late 2026. In the longer term, a large-scale trial with mortality as an endpoint is currently in
the early stages of planning by the NCI and hopefully will produce important results in the US, but a
readout of results cannot be expected for at least a decade following initiation, and likely much longer.

Outcomes Related to Treatability and Treatment of MCED-Detected Cancer

Another potential intermediate outcome (noted in Figure 1 above) is proportion of detected cancer
amenable to treatment with curative intent. This outcome is related to stage shift in that while late-
stage cancer is generally treated palliatively (non-curatively), early-stage, localized cancer is often
considered more amenable to resection, radiation, or other treatments intended to cure the underlying
condition. Hence, a higher proportion of treatment-amenable cancers detected with MCED screening as
compared to the proportion arising from standard of care screening care may be an indicator of
effective earlier detection. Not only was that cancer detected earlier, but the evident stage shift
potentially benefited the treatment decisions.

The potential impact of this decision-making (i.e., decisions for treatment with curative intent) can then
be followed longitudinally, leading to milestones that can serve as additional intermediate endpoints.
For example, measurement could be made of the proportion of patients who remained cancer-free after
one year following MCED early detection and treatment with curative intent. While achieving this
milestone is no guarantee that the patient will remain cancer-free, comparison to outcomes from a
standard of care screening group diagnosed with the same types of cancer may reveal a difference in
recurrence rates. If so, this would represent a clear benefit to early-treated patients. Differences in
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recurrence patterns could continue to be tracked for these cohorts, illuminating any benefit in time-to-
relapse and, other benefits such as quality-of-life.

When cancer screening leads to improvements in mortality or other clinical benefits, these benefits are
the direct result of the success of cancer-directed interventions that follow the detection of cancer.
These proposed intermediate endpoints may enable an early assessment of the potential of a screening
program to ultimately reduce cancer morbidity and mortality.

Pathological Grade of Cancer

Pathological grade of cancers has been proposed as an important measurement in screening trials.
While the relationship between earlier detection of high-grade cancer types and reduction of mortality
is not established, in theory, early detection of higher-grade cancers provides improved detection of
consequential cancer types with higher mortality risk. If early detection of higher-grade cancer were
accompanied by relatively fewer findings of lower grade cancers (which harbor more of the indolent
lesions) this could be interpreted as improved specificity. But if, instead, the number of lower grade
cancers detected is roughly equal or greater than the count of high-grade tumors, it would reflect
poorer specificity. If higher grade cancers can be detected early enough to be more easily and effectively
treated, the detection of these cancers may improve mortality, but would certainly improve treatment-
related morbidity. These critical conditional statements must be addressed by any proposed study
design short of RCT with mortality endpoints. This proposition is complicated further because the
relationship of grade with prognosis is cancer-site specific, thus any inferences using grade (and the
consequent potential impact on mortality) may have to be made at the individual cancer-site level,
rather than across cancers. Ovarian serous carcinomas, for example, can be thought of as two distinctly
different diseases classified by low versus high grade, now with known molecular mechanistic
differences in addition to known mortality risk differences. Alternatively, pathological grade may be
useful to assess a lack of potential benefit (futility) criteria at the individual cancer level rather than a
criterion to claim success for an MCED. The potential usefulness of this endpoint in MCED screening
trials and steps needed to establish confidence in its use will be assessed by the Clinical Utility
Workgroup as it considers pathways to recommend for the clinical utility framework.

Biomarkers and gene expression signatures

Early gene expression signatures have proved useful in predicting recurrences and response to therapy
largely by converting the subjective nature of the pathologist’s interpretation to a more objective and
reproducible method. The proliferative rate of tumors is a key characteristic separating indolent versus
aggressive disease in many cancer types (more proliferative lesions are more aggressive). Given the
power of gene expression assays to predict outcomes in the context of optimal therapy, and the utility
of high-density data sets for ongoing discovery, the framework will consider the value of including more
than standard of care cancer genotype/phenotype analysis in screening studies. Characterizing
proliferative rate and other characteristics of detected tumors would help to establish the frequency
with which consequential cancers are found early through MCED screening and allow for prediction of
patients most likely to benefit.
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The Role of Modeling

Modeling is the development of “mathematical frameworks that facilitate estimation of the
consequences of health care decisions.”*!® These frameworks are particularly useful when linking
evidence along a causal chain, when direct evidence of the effect of an intervention (such as the use of a
clinical test) on an outcome is lacking. Generally, a decision analytic model is developed for this purpose.
Test performance data from validation studies is combined with disease prevalence and epidemiologic
data, as well as treatment outcomes from clinical trials, to model a specific clinical scenario of test use
with predicted outcomes.!'! Models may be used for exploring and communicating results of clinical as
well as policy decisions where budget constraints and value assessment may be important
considerations for the introduction of a new technology. Decision models may be especially useful for
illuminating aspects of clinical utility; they have been used by the USPSTF to assess the benefits and
harms of specific interventions, including screening.'?

While many models have been developed for the risks and benefits of single-cancer screening, models
for MCED screening have only recently been emerging. To date, modeling has employed published test
validation data and known cancer epidemiology (e.g., cancer-specific incidence rates from the NCI
Surveillance, Epidemiology, and End Results [SEER] database) to assess potential reductions in mortality
and possible cost savings associated with earlier detection and treatment of cancer.'>!% Modeling has
also exposed limitations and challenges of using stage shift as an endpoint.!*® In the latter case,
modelers found that the expected mortality reduction for a given stage shift varies significantly
depending on cancer- and stage-specific survival distributions. Even when stage shift was substantial,
some cancer types exhibited limited potential for mortality improvement. Modelers have also worked to
characterize the downstream consequences of MCED screening, especially harms from unnecessary
confirmation tests balanced against tests’ putative benefits.16117

While these early efforts to develop models for MCED benefit, risk, and cost have helped to generate
insights, models are only as good as the data supporting them.!*® Robust clinical study data on benefits
and risks of MCED screening, including cancer detection rates by cancer type and stage, the diagnostic
paths taken for true positives and false-positive cases, and cancer treatment outcomes, among other
information, is needed both from randomized trials and real-world data to create more opportunity for
robust modeling.}'%'% Specific strategies should be envisioned to leverage ongoing studies and to plan a
sequence of future studies that will most efficiently map together for efficient and effective use of
models. The planned framework will therefore consider the role of modeling in the planned evidence
timeline, seeking a coordinated and efficient approach to leveraging emerging study data in models.

The Role of Real-World Data and Real-World Evidence in the Evaluation of
MCED Tests

As MCED tests are adopted for screening, it will be crucial to employ strategies for ongoing learning
about test performance and associated outcomes that can augment data generated from screening RCTs
and other studies. These real-world data (RWD) will also allow exploration and a form of assessment of
the pathway from a positive screening test to a full diagnosis for MCEDs. As tests become available for
widespread use, collecting data from routine practice is also likely to provide information across
demographic subgroups and be more representative of the target population than individual clinical
studies of whatever size. For these reasons, plans for the development and use of RWD to generate real-
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world evidence (RWE) integrated meaningfully with other studies will be a central focus of the
framework.

While RWD is currently often collected and used to update clinical practice guidelines, and it has now
also started to be collected on the use of MCEDs by early adopting health systems, the process of doing
so is not efficient or well-coordinated. For RWE to become an important source of information,
significant prospective planning is needed, mirroring much of what is done in the planning of an RCT. The
planned framework will provide insight and recommendations on key questions that can be informed
using RWD, potential data sources, data quality attributes, and necessary metrics for evaluation of MCED
tests.?!

With an evolving environment for MCED technology and cancer intervention, evidentiary milestones will
be defined to provide preliminary indicators of success, for example a reduction of advanced stage
disease. While intermediate outcome measures are unlikely to provide the full body of evidence needed
to assess the value of a screening test, defining key measures that can be evaluated early in
development of MCED tests will allow stop/go decisions regarding individual tests or versions of them.
Alignment on priority or “core” measures that should be generated and made available for all MCED
tests would assist advanced planning for data collection efforts, ensure optimal and constant evaluation
of different tests over time, and ultimately improve public confidence and utilization of MCED tests.

Defining a cohesive approach to longitudinal data generation would also help identify sources of data
that may be sufficient for generating evidence based on clinical practice (e.g. RWE). Examples include
health systems, research networks, payer databases and clinical registries. Furthermore, identifying
specific data elements upfront that need to be collected to perform the necessary analyses involved in
determining clinical utility of individual MCED tests will help ensure optimal data collection and quality.

Several efforts have developed concrete suggestions about study designs that can be used in parallel
with randomized trials to advance our understanding of the benefits and harms of MCEDs. Friends of
Cancer Research has suggested that cross-sectional, case control, and cohort studies have roles to play
where RWD, and in these cases, observational data, can complement randomized clinical trials.1?
Etzioni, et al. (2021) 22 also urges a coordinated effort to collect data while certain MCEDs are being
disseminated so that these tests and their outcomes can provide data to assist in the evaluation of the
way in which these tests are employed, and the clinical paths taken by persons tested, with their follow
up information and outcomes.

While there are places for both cross-sectional and case-control data, a rigorously defined series of
cohort studies has the most potential to complement clinical trials. In some cases, it is possible such
data may be sufficient for regulatory decision-making to move products to the market. To further specify
the optimal study design (or designs) recommended to complement ongoing trials, we will draw from
both the Friends of Cancer Research and Etzioni work to define the study questions or hypotheses, the
eligible population, the data needed from these designs, and the data sources.

Conclusions and Next Steps

MCED testing represents a promising approach to expanding the range of cancer screening beyond the
scope of current guideline-directed screening, allowing for earlier detection of consequential cancers,
and thereby improving treatment outcomes for many patients. In so doing, the substantial social and
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economic impacts of cancer may be alleviated significantly. While MCED testing is still nascent, the
technology and potential uses are evolving rapidly; some tests are already available commercially. It is
therefore urgent that clinical evidence illuminating the benefits and risks of MCED screening be
developed as rapidly as possible, even while taking care to be methodical.

The MCED Consortium and its Clinical Utility Workgroup are committed to facilitating the needed
evidence generation by framing recommendations for a program of clinical evidence development that
can be implemented in the near term to guide clinical and policy decision-making, even as long-term
RCTs are planned and initiated. The MCED Consortium recognizes the importance of conducting large
RCTs with mortality endpoints to increase confidence in cancer screening via MCED testing, and strongly
encourages all stakeholders, including test developers, patients, clinical systems and federal agencies to
collaborate in the development and implementation of such trials. Simultaneously, we recognize the
immediacy of the continuing public health impact of cancers of all types, most of which lack screening
modalities, and consequently also the desire of some early adopting health systems to explore
integration of MCED screening into clinical practice. We would urge these providers to assure patients
undergoing MCED testing understand what is known and not known about the benefits and risks of
MCED screening, and the continuing importance of guideline-directed cancer screening.

Given that some health systems are even now exploring MCED adoption for screening, we have an
opportunity to foster collaborative efforts for evidence-based adoption, which would include
prospective studies and RWE from the clinical use of MCED tests. The systematic collection of RWD to
complement clinical trials is a critical aspect of near-term evaluation of MCEDs for screening and will be
a key focus of the planned clinical utility framework. The framework will develop standard definitions of
RWD & RWE; promote efforts to ensure the collection a set of core data elements from patients
undergoing MCED testing; develop collaborative strategies to promote cooperation across test
developers, health systems, payers, clinicians, and others; and create a framework for learning from
clinical experience through data collection—to move MCEDs forward in the context of sensible clinical
practice.

Collaborative strategies will be needed in other ways, also. For example, designing clinical utility studies
requires high-quality information on MCED performance from validation studies. Agreed minimal
standards are needed for reporting of MCED validation and efficacy (e.g., specifying the ways in which
stages may or may not be combined when reporting detection of cancers by stage). To address this
need, the Workgroup will review existing efforts for data standardization and reporting (e.g.,
BLOODPAC; the US FDA) and collaborate to ensure alignment.

Identifying appropriate intermediate and surrogate outcomes is another critical—and challenging—
component of a near-term evidence strategy. Such outcomes would provide a reasoned and evidence-
based confidence for assessment of MCED screening benefits in a timely fashion. The planned
framework will consider multiple alternatives, including stage shift. Consistent and careful use of this
measure will facilitate comparisons to the current NHS trial and other ongoing studies. While not
definitive evidence of benefit at this time, evaluation strategies for assessing the utility of the outcome
measure will be considered.

The pathway to efficient and effective evidence generation for clinical utility will require coordination
and cooperation across many health care entities, and adaptive use of a growing body of evidence
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across time. The MCED Consortium is committed to fostering these cooperative relationships and
forging this pathway in the hope of alleviating the substantial burden of cancer mortality.

22

www.mced.info



MULTICANCER ARLY DETECTION CONSORTIUM

MCED

References

! National Center for Health Statistics. Leading Causes of Death. Centers for Disease Control and Prevention.
January 18, 2023. https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm

2 Cancer Research UK. Cancer Mortality Statistics. https://www.cancerresearchuk.org/health-professional/cancer-
statistics/mortality#heading-Zero

3 American Cancer Society. Cancer Facts & Figures 2023. 2023. https://www.cancer.org/content/dam/cancer-
org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2023/2023-cancer-facts-and-figures.pdf

4 Tomasz M. Beer. Novel blood-based early cancer detection: diagnostics in development. Am J Manag. Care.
2020;26:5292-5299.

®>Does Screening With the Galleri Test in the NHS Reduce the Likelihood of a Late-stage Cancer Diagnosis in an
Asymptomatic Population? A Randomised Clinical Trial (NHS-Galleri).
https://clinicaltrials.gov/study/NCT05611632?id=NCT05611632&rank=1

6 Multicancer Early Detection Consortium. https://www.mced.info/

7 National Center for Health Statistics. Leading Causes of Death. Centers for Disease Control and Prevention.
January 18, 2023. https://www.cdc.gov/nchs/fastats/leading-causes-of-death.htm

8 Cancer Research UK. Cancer Mortality Statistics. https://www.cancerresearchuk.org/health-professional/cancer-
statistics/mortality#heading-Zero

9 Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer Statistics, 2023. CA Cancer J Clin. Jan 2023;73(1):17-48.
doi:10.3322/caac.21763

10 Cancer Research UK. Cancer Statistics for the UK. https://www.cancerresearchuk.org/health-
professional/cancer-statistics-for-the-uk#heading-Four

11 American Cancer Society. Cancer Facts & Figures 2023. 2023. https://www.cancer.org/content/dam/cancer-
org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2023/2023-cancer-facts-and-figures.pdf

2 Thomas J. Gates. Screening for Cancer: Concepts and Controversies. American Family Physician. 2014 Nov
1;90(9): 625-631

13 Mariotto AB, Yabroff KR, Shao Y, Feuer EJ, Brown ML. Projections of the cost of cancer care in the United States:
2010-2020. J Natl Cancer Inst. 2011;103(2):117-128. doi: 10.1093/jnci/djg495

1 Tomasz M. Beer. Novel blood-based early cancer detection: diagnostics in development. Am J Manag. Care.
2020;26:5292-5299.

15 Multicancer Early Detection Consortium. https://www.mced.info/

16 Lone SN, Nisar S, Masoodi, T, et al. Liquid biopsy: a step closer to transform diagnosis, prognosis and future of
cancer treatments. Mol Cancer 2022; 21(79). https://doi.org/10.1186/s12943-022-01543-7

17 Screening for Prostate Cancer: US Preventive Services Task Force Recommendation Statement JAMA.
2018;319(18):1901-1913. d0i:10.1001/jama.2018.3710

18 Pinsky PF. Principles of Cancer Screening. Surg Clin North Am. 2015;95(5):953-66. doi:
10.1016/j.suc.2015.05.009.

23

www.mced.info



MULTICANCER ARLY DETECTION CONSORTIUM

MCED

19 Sjegel RL, Miller KD, Fuchs HE, et al. Cancer Statistics, 2022. CA Cancer J Clin 2022;72:7-33

20 World Health Organization. United Kingdom Fact Sheets. March 2021.
https://gco.iarc.fr/today/data/factsheets/populations/826-united-kingdom-fact-sheets.pdf

21 American Cancer Society. Cancer Facts & Figures 2023. 2023. https://www.cancer.org/content/dam/cancer-
org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2023/2023-cancer-facts-and-figures.pdf

22 World Health Organization. United Kingdom Fact Sheets. March 2021.
https://gco.iarc.fr/today/data/factsheets/populations/826-united-kingdom-fact-sheets.pdf

23 Hall IJ, Tangka FKL, Sabatino SA, et al. Patterns and trends in cancer screening in the United States. Prev Chronic
Dis. 2018;15:E97. doi: 10.5888/pcd15.170465.

24 National Health Service Digital. Cervical screening programme, England, 2019-20
(2020). https://digital.nhs.uk/data-and-information/publications/statistical/cervical-screening-annual/england---
2019-20

25 National Health Service Digital. Breast Screening Programme, England, 2019-20
(2021). https://digital.nhs.uk/data-and-information/publications/statistical/breast-screening-programme/england-
--2019-20

26 Cancer Research UK. Bowel cancer screening coverage and uptake, UK, FY2012-2015
(2020). www.cancerresearchuk.org/sites/default/files/cstream-node/screen _bowel cov_upt.pdf

27 Rebolj M, Parmar D, Maroni R, Blyuss O, Duffy SW. Concurrent participation in screening for cervical, breast, and
bowel cancer in England. J Med Screen. 2020;27(1):9-17. doi:10.1177/0969141319871977

28 Young B, Robb KA. Understanding patient factors to increase uptake of cancer screening: a review. Future
Oncology 2021;17:28, 3757-3775

29 Hirst Y, Stoffel S, Baio G, McGregor L, von Wagner C. Uptake of the English Bowel (Colorectal) Cancer Screening
Programme: an update 5 years after the full roll-out. Eur J Cancer. 2018 Nov;103:267-273. doi:
10.1016/j.ejca.2018.07.135. Epub 2018 Sep 7.

30 Young B, Robb KA. Understanding patient factors to increase uptake of cancer screening: a review. Future
Oncology 2021;17:28, 3757-3775

31 American Cancer Society. Cancer Prevention & Early Detection Facts & Figures 2021-2022. 2023.
https://www.cancer.org/research/cancer-facts-statistics/cancer-prevention-early-detection.html

32 Gellad ZF, Stechuchak KM, Fisher DA, et al. Longitudinal adherence to fecal occult blood testing impacts
colorectal cancer screening quality. Am J Gastroenterol. 2011;106(6):1125-34. doi: 10.1038/ajg.2011.11.

33 Smith RA, Andrews KS, Brooks D, et al. Cancer screening in the United States, 2019: A review of current
American Cancer Society guidelines and current issues in cancer screening. CA Cancer J Clin. 2019;;69(3):184-210.
doi: 10.3322/caac.21557.

34 Clarke CA, Hubbell E, Ofman JJ. Multi-cancer early detection: A new paradigm for reducing cancer-specific and
all-cause mortality. Cancer Cell. 2021; 39(4):447-448. doi: 10.1016/j.ccell.2021.02.004.

35 Raoof S, Lee RJ, Jajoo K, et al. Multicancer early detection technologies: A review informed by past cancer
screening studies. Cancer Epidemiol Biomarkers Prev. 2022;31(6):1139-1145. doi: 10.1158/1055-9965.

24

www.mced.info


https://www.digital.nhs.uk/data-and-information/publications/statistical/cervical-screening-annual/england---2019-20
https://www.digital.nhs.uk/data-and-information/publications/statistical/cervical-screening-annual/england---2019-20
https://www.digital.nhs.uk/data-and-information/publications/statistical/breast-screening-programme/england---2019-20
https://www.digital.nhs.uk/data-and-information/publications/statistical/breast-screening-programme/england---2019-20
http://www.cancerresearchuk.org/sites/default/files/cstream-node/screen_bowel_cov_upt.pdf

MULTICANCER ARLY DETECTION CONSORTIUM

MCED

36 Raoof S, Lee RJ, Jajoo K, et al. Multicancer early detection technologies: A review informed by past cancer
screening studies. Cancer Epidemiol Biomarkers Prev. 2022;31(6):1139-1145. doi: 10.1158/1055-9965.

37 Raoof S, Lee RJ, Jajoo K, et al. Multicancer early detection technologies: A review informed by past cancer
screening studies. Cancer Epidemiol Biomarkers Prev. 2022;31(6):1139-1145. doi: 10.1158/1055-9965.

38 Rossi SH, Stewart GD. Re: Clinical Validation of a Targeted Methylation-based Multi-cancer Early Detection Test
Using an Independent Validation Set. Eur Urol. 2022 Oct;82(4):442-443. doi: 10.1016/j.eururo.2022.06.012. Epub
2022 Jun 30.

39 Shao SH, Allen B, Clement J, et al. Multi-cancer early detection test sensitivity for cancers with and without
current population-level screening options. Tumori Journal. 2023;109(3):335-341.
doi:10.1177/03008916221133136

40 Hackshaw A, Cohen SS, Reichert H, et al. Estimating the population health impact of a multi-cancer early
detection genomic blood test to complement existing screening in the US and UK. Br. J. Cancer 2021; 125: 1432-
1442.

41 Lennon AM, Buchanan AH, Kinde |, et al. Feasibility of blood testing combined with PET-CT to screen for cancer
and guide intervention. Science. 2020;369(6499). 10.1126/science.abb9601.

42 EA Klein, D Richards, A Cohen, et al. Clinical validation of a targeted methylation-based multi-cancer early
detection test using an independent validation set. Ann Oncol. 2021;(32)9:1167-1177.

43 Chen X, Gole J, Gore A, et al. Non-invasive early detection of cancer four years before conventional diagnosis
using a blood test. Nat Commun 2020;11: 3475. https://doi.org/10.1038/s41467-020-17316-z

4 Gao Q., Li B., Cai S. et. al. (2020). Early detection and localization of multiple cancers using a blood-based
methylation assay (ELSA-seq). Ann Oncol. 2020; 31(Supp 6): S1358. https://doi.org/10.1016/j.annonc.2020.10.292

4 Stackpole ML, Zeng W, Li S, et al. Cost-effective methylome sequencing of cell-free DNA for accurately detecting
and locating cancer. Nat Commun. 2022;13: 5566. https://doi.org/10.1038/s41467-022-32995-6

46 MCED Consortium Care Delivery Workgroup. Multicancer Early Detection (MCED) Screening Guidance: A
Recommended Care Pathway for Clinical Use of MCED Tests. June 27, 2023. https://www.mced.info/wg-
resources

47 Grosse S, Khoury M. What is the clinical utility of genetic testing? Genet Med. 2006; 8: 448-450.
https://doi.org/10.1097/01.gim.0000227935.26763.c6

48 Blue Cross Blue Shield Association. Guidance on evidence street evaluation of multicancer Screening Tests. 2021.

49 Bossuyt PM, Reitsma JB, Linnet K, et al. Beyond diagnostic accuracy: the clinical utility of diagnostic tests. Clin
Chem. 2012; 58(12):1636-43. doi: 10.1373/clinchem.2012.182576.

%0 Grosse S, Khoury M. What is the clinical utility of genetic testing? Genet Med. 2006; 8: 448-450.
https://doi.org/10.1097/01.gim.0000227935.26763.c6

51 Hariton E, Locascio JJ. Randomised controlled trials - the gold standard for effectiveness research: Study design:
randomised controlled trials. BJOG. 2018;125(13):1716. d0i:10.1111/1471-0528.15199

52 McKenzie JE, Brennan SE, Ryan RE, et al. Chapter 3: Defining the criteria for including studies and how they will
be grouped for the synthesis. In: Higgins JPT, Thomas J, Chandler J, et al, eds. Cochrane Handbook for Systematic
Reviews of Interventions, Version 6.3. Cochrane, 2022.

25

www.mced.info


https://doi.org/10.1016/j.annonc.2020.10.292

MULTICANCER ARLY DETECTION CONSORTIUM

MCED

53 Smith RA, Duffy SW, Gabe R, et al. The randomized trials of breast cancer screening: what have we learned?
Radiol Clin North Am. 2004;42(5):793-806

54 Berlin NI. Overview of the NCI Cooperative early lung cancer detection program. Cancer. 2000;89(11
Suppl):2349-51. doi:10.1002/1097-0142(20001201)89:11+<2349::aid-cncr6>3.3.c0;2-w

55 Collins MM, Barry MJ. Controversies in prostate cancer screening. Analogies to the early lung cancer screening
debate. JAMA. 1996;276(24):1976-9.

6 Buys SS, Partridge E, Black A, et al. (PLCO Project Team). Effect of screening on ovarian cancer mortality: the
Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Randomized Controlled Trial. JAMA.
2011;305(22):2295-303

57 Menon U, Gentry-Maharaj A, Burnell M, et al. Ovarian cancer population screening and mortality after long-term
follow-up in the UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS): a randomised controlled trial.
Lancet. 2021;397(10290):2182-93.

%8 Zhu CS, Pinsky PF, Kramer BS, et al. The prostate, lung, colorectal, and ovarian cancer screening trial and its
associated research resource. J Natl Cancer Inst. 2013;105(22):1684-93. doi: 10.1093/jnci/djt281.

%9 https://www.usinflationcalculator.com/

0 Minasian LM, Pinsky P, Katki HA, et al. Study design considerations for trials to evaluate multicancer early
detection assays for clinical utility, JNCI. 2023; 115(3): 250-257. https://doi.org/10.1093/jnci/djac218

61 Gates, TJ. Screening for cancer: Concepts and controversies. Am Fam Physician, 2014; 90(9):625-631.
62 Blue Cross Blue Shield Association. Guidance on evidence street evaluation of multicancer Screening Tests. 2021.
83 Gates, TJ. Screening for cancer: Concepts and controversies. Am Fam Physician, 2014; 90(9):625-631.
83 Blue Cross Blue Shield Association. Guidance on evidence street evaluation of multicancer Screening Tests. 2021.

64 Chen X, Dong Z, Hubbell E, et al. Prognostic significance of blood-based multi-cancer detection in plasma cell-
free DNA. Clin Cancer Res. 2021;27(15): 4221-4229. https://doi.org/10.1158/1078-0432.CCR-21-0417

55 Bredno J, Venn O, Chen X, et al. Circulating tumor DNA allele fraction: A candidate biological signal for
multicancer early detection tests to assess the clinical significance of cancers. Am J Path. 2022; 192(10): 1368-
1378.

66 Putcha G, Gutierrez A, Skates S. Multicancer screening: One size does not fit all. JCO Precision Onc. 2021; 5:
574-576

67 ASCO 2023. https://meetings.asco.org/abstracts-presentations/226791

68 Lennon AM, Buchanan AH, Kinde |, et al. Feasibility of blood testing combined with PET-CT to screen for cancer
and guide intervention. Science. 2020;369(6499). 10.1126/science.abb9601.

9 Multicancer Early Detection Consortium Health Equity Workgroup. Building Health Equity through Research
Study Design for Multicancer Early Detection Tests: Key Considerations (2023). https://www.mced.info/wg-
resources.

70 National Cancer Institute, Division of Cancer Prevention. Questions and answers about MCD tests.
https://prevention.cancer.gov/major-programs/multi-cancer-detection-mcd-research/questions-and-answers-
cancer-screening-multi-cancer-detection-mcd-tests

26

www.mced.info


https://doi.org/10.1093/jnci/djac218

MULTICANCER ARLY DETECTION CONSORTIUM

MCED

71 Ahlquist, DA. Universal cancer screening: revolutionary, rational, and realizable. NPJ PO. 2018;2-23.
doi:10.1038/541698-018-0066-x

72 Bredno J, Venn O, Chen X, et al. Circulating tumor DNA allele fraction: A candidate biological signal for
multicancer early detection tests to assess the clinical significance of cancers. AmJ Path. 2022; 192(10): 1368-
1378.

73 Wen YH, Chang PY, Hsu CM, et al. Cancer screening through a multi-analyte serum biomarker panel during
health check-up examinations: Results from a 12-year experience. Clin Chem Acta. 2015; 450:273-6

74 Shen S, Singhania R, Fehringer G., Chakravarthy A, et al., Sensitive tumor detection and classification using
plasma cell-free DNA methylomes. Nature. 2018;563:579-583.

7> Hinestrosa, JP, Kurzrock R, Lewis JM, et al. Early-stage multi-cancer detection using an extracellular vesicle
protein-based blood test. Commun Med 2022;2:29. https://doi.org/10.1038/s43856-022-00088-6.

76 Gao Q, Lin YP, Li BS, Wang GQ, et al. Unintrusive multi-cancer detection by circulating cell-free DNA methylation
sequencing (THUNDER): development and independent validation studies. Ann Oncol. 2023 May;34(5):486-495.
doi: 10.1016/j.annonc.2023.02.010.

77 Stackpole ML, Zeng, W, Li S et al. Cost-effective methylome sequencing of cell-free DNA for accurately detecting
and locating cancer. Nat Commun 2022;13: 5566. https://doi.org/10.1038/s41467-022-32995-6

78 Cohen ID, Li L, Wang Y, et al. Detection and localization of surgically resectable cancers with a multi-analyte
blood test. Science. 2018; 359: 926-930.

7% Lennon AM, Buchanan AH, Kinde |, et al. Feasibility of blood testing combined with PET-CT to screen for cancer
and guide intervention. Science. 2020;369(6499). 10.1126/science.abb9601. Jul 3, 2020.

80 EA Klein, D Richards, A Cohen, et al. Clinical validation of a targeted methylation-based multi-cancer early
detection test using an independent validation set. Ann Oncol. 2021;(32)9:1167-1177.

81 Chen, X., Gole, J., Gore, A. et al. Non-invasive early detection of cancer four years before conventional diagnosis
using a blood test. Nat Commun 2020;11:3475. https://doi.org/10.1038/s41467-020-17316-z

82 Dempsey AA, Tripp JH, Chao S, et al. Aristotle: A single blood test for pan-cancer screening. JNCO.
2020;38:15suppl 15037

83 Luan Y, Zhong G, Li S, Wu W, Liu X, Zhu D, Feng Y, Zhang Y, Duan C, Mao M. A panel of seven protein tumour
markers for effective and affordable multi-cancer early detection by artificial intelligence: a large-scale and
multicentre case-control study. EClinicalMedicine. 2023 Jun 15;61:102041. doi: 10.1016/j.eclinm.2023.102041.

84 putcha G, Gutierrez A, Skates S. Multicancer screening: One size does not fit all. JCO Precision Onc. 2021; 5: 574-
576.

85 \Wen YH, Chang PY, Hsu CM, et al. Cancer screening through a multi-analyte serum biomarker panel during
health check-up examinations: Results from a 12-year experience. Clin Chem Acta. 2015; 450:273-6

8 Chen, X., Gole, J., Gore, A. et al. Non-invasive early detection of cancer four years before conventional diagnosis
using a blood test. Nat Commun. 2020;11: 3475. https://doi.org/10.1038/s41467-020-17316-z

87 Lennon AM, Buchanan AH, Kinde I, et al. Feasibility of blood testing combined with PET-CT to screen for cancer
and guide intervention. Science. 2020;369(6499). 10.1126/science.abb9601. Jul 3, 2020.

27

www.mced.info



MULTICANCER ARLY DETECTION CONSORTIUM

MCED

88 \Wen YH, Chang PY, Hsu CM, et al. Cancer screening through a multi-analyte serum biomarker panel during
health check-up examinations: Results from a 12-year experience. Clin Chem Acta. 2015; 450:273-6

8 Lennon AM, Buchanan AH, Kinde |, et al. Feasibility of blood testing combined with PET-CT to screen for cancer
and guide intervention. Science. 2020;369(6499). 10.1126/science.abb9601. Jul 3, 2020.

% Schrag D, McDonnell CH, Nadauld L, et al. Ann Onc. 2022; 33 (suppl_7): S417-S426.
10.1016/annonc/annonc1061.

91 EA Klein, D Richards, A Cohen, et al. Clinical validation of a targeted methylation-based multi-cancer early
detection test using an independent validation set. Ann Oncol. 2021;(32)9:1167-1177.

92 LuanY, Zhong G, Li S, Wu W, Liu X, Zhu D, Feng Y, Zhang Y, Duan C, Mao M. A panel of seven protein tumour
markers for effective and affordable multi-cancer early detection by artificial intelligence: a large-scale and
multicentre case-control study. EClinicalMedicine. 2023 Jun 15;61:102041. doi: 10.1016/j.eclinm.2023.102041.

% Neal RD, Johnson P, Clarke CA, et al. "Cell-free DNA-based multi-cancer early detection test in an asymptomatic
screening population (NHS-Galleri): design of a pragmatic, prospective randomised controlled trial." Cancers.
2022; (14)19: 4818.

9 Nadauld LD, McDonnell CH, Beer TM, et al. The PATHFINDER study: Assessment of the implementation of an
investigational multi-cancer early detection test into clinical practice. Cancers. 2021;13(14):3501. doi:
10.3390/cancers13143501

% Lennon AM, Buchanan AH, Kinde |, et al. Feasibility of blood testing combined with PET-CT to screen for cancer
and guide intervention. Science. 2020;369(6499). 10.1126/science.abb9601. Jul 3, 2020.

% park JIH, Detry MA, Murthy S, et al. How to use and interpret the results of a platform trial: Users’ guide to the
medical literature. JAMA. 2022;327(1):67—-74. doi:10.1001/jama.2021.22507

9 Minasian LM, Pinsky P, Katki HA, et al. Study design considerations for trials to evaluate multicancer early
detection assays for clinical utility, JNCI. 2023; 115(3): 250-257. https://doi.org/10.1093/jnci/djac218

%8 ClinicalTrials.gov, PATHFINDER clinical trial.
https://clinicaltrials.gov/ct2/show/NCT04241796?term=pathfinder%2C+grail&draw=2

99 MCED Consortium Health Equity Workgroup. Building Health Equity through Research Study Design for
Multicancer Early Detection Tests: Key Considerations. 2023. https://www.mced.info/wg-resources

1%0Holland K, van Gils CH, Mann RM, et al. Quantification of masking risk in screening mammaography with
volumetric breast density maps. Breast Cancer Res Treat. 2017;162(3):541-548. d0i:10.1007/s10549-017-4137-4

01pestounis S, Johnston L, Highnam R, et al. Using volumetric breast density to quantify the potential masking risk
of mammographic density. AJR Am J Roentgenol. 2017;208(1):222-227. doi:10.2214/AJR.16.16489

102 Ambinder EB, Lee E, Nguyen DL, et al. Interval breast cancers versus screen detected breast cancers: A
retrospective cohort study. Acad Radiol. 2023;d0i:10.1016/j.acra.2023.01.007.

103 Howard FM, Olopade Ol. Epidemiology of triple-negative breast cancer: A review. Cancer J. 2021 Jan-Feb
01;27(1):8-16. doi: 10.1097/PP0.0000000000000500

104Tabar L, Dean PB, Chen TH, et al. The incidence of fatal breast cancer measures the increased effectiveness of
therapy in women participating in mammography screening. Cancer. 2019;125(4):515-523.
doi:10.1002/cncr.31840

28

www.mced.info


https://doi.org/10.1093/jnci/djac218

MULTICANCER ARLY DETECTION CONSORTIUM

MCED

105 Blye Cross Blue Shield Association. Guidance on evidence street evaluation of multicancer Screening Tests.
2021.

106 Marlow LAV, Schmeising-Barnes N, Brain K, Duncombe S, Robb KA, Round T, Sanderson SC, Waller J. Multi-
cancer early detection tests for cancer screening: a behavioural science perspective. Lancet Oncol. 2022
Jul;23(7):837-839. doi: 10.1016/51470-2045(22)00161-9

107 Tabar L, Dean PB, Chen TH, et al. The incidence of fatal breast cancer measures the increased effectiveness of
therapy in women participating in mammography screening. Cancer. 2019;125: 515-
523. https://doi.org/10.1002/cncr.31840

108 Clarke CA, Patel AV, Kurian AW, et al. Racial/ethnic differences in cancer diagnosed after metastasis: Absolute
burden and deaths potentially avoidable through earlier detection. Cancer Epidemiol Biomarkers Prev. 2022; 31(3):
521-527. https://doi.org/10.1158/1055-9965.EPI-21-0823

109 Neal RD, Johnson P, Clarke CA, et al. "Cell-free DNA-based multi-cancer early detection test in an asymptomatic
screening population (NHS-Galleri): design of a pragmatic, prospective randomised controlled trial." Cancers.
2022; (14)19: 4818.

110 Caro ), Briggs AH, Siebert U, Kuntz KM. Modeling good research practices — Overview: A report of the ISPOR-
SMDM Modeling Good Research Practices Task Force-1. Value Health 2012; 15:796-803.
https://doi.org/10.1016/j.jval.2012.06.012

111 Trikalinos, T.A., Siebert, U., Lau, J. Decision-Analytic Modeling to Evaluate Benefits and Harms of Medical Tests:
Uses and Limitations. Med Decision Making 2009; 29: E22-E29

112 owens DK, Whitlock EP, Henderson J, Pignone MP, Krist AH, Bibbins-Domingo K, et al. Use of Decision Models
in the Development of Evidence-Based Clinical Preventive Services Recommendations: Methods of the U.S.
Preventive Services Task Force. Ann Intern Med. 2016 Oct 4;165(7):501-508. doi: 10.7326/M15-2531.

113 Hubbell E, Clarke CA, Aravanis AM, Berg CD. Modeled reductions in late-stage cancer with a multi-cancer early
detection test. Cancer Epidemiol Biomark Prev. 2021;30:460-8.

114 Lipscomb J, Horton S, Kuo A, Tomasetti C. Evaluating the impact of multicancer early detection testing on health
and economic outcomes: Toward a decision modeling strategy. Cancer. 2022 Feb 15;128 Suppl 4:892-908. doi:
10.1002/cncr.33980. PMID: 35133662.

115 Owens L, Gulati R, Etzioni R. Stage Shift as an Endpoint in Cancer Screening Trials: Implications for Evaluating
Multicancer Early Detection Tests. Cancer Epidemiol Biomarkers Prev. 2022 Jul 1;31(7):1298-1304. doi:
10.1158/1055-9965.EPI-22-0024.

116 Jiao B, Gulati R, Katki HA, Castle PE, Etzioni R. A Quantitative Framework to Study Potential Benefits and Harms
of Multi-Cancer Early Detection Testing. Cancer Epidemiol Biomarkers Prev. 2022 Jan;31(1):38-44. doi:
10.1158/1055-9965.EPI-21-0380. Epub 2021 Sep 20. PMID: 34548329; PMCID: PMC8755582.

117 Hudnut, AG, Hubbell, E, Venn, O, Church, TR. Modeled residual current cancer risk after clinical investigation of
a positive multicancer early detection test result. Cancer. 2023; 129( 13): 2056- 2063. d0i:10.1002/cncr.34747

118 Owens DK, Whitlock EP, Henderson J, Pignone MP, Krist AH, Bibbins-Domingo K, et al. Use of Decision Models
in the Development of Evidence-Based Clinical Preventive Services Recommendations: Methods of the U.S.
Preventive Services Task Force. Ann Intern Med. 2016 Oct 4;165(7):501-508. doi: 10.7326/M15-2531

29

www.mced.info


https://doi.org/10.1002/cncr.31840
https://doi.org/10.1002/cncr.34747

MULTICANCER ARLY DETECTION CONSORTIUM

MCED

119 Kessler, L., Le Beau, M.M., Smith, R.A., Walter, F.M. and Wender, R. (2023), The modeling of multicancer early
detection (MCED) tests’ residual risk and the challenges of MCED evaluation and implementation. Cancer, 129:
1966-1968. https://doi.org/10.1002/cncr.34745

120 peverka PA, Douglas MP, Phillips KA. Multicancer Screening Tests: Anticipating And Addressing Considerations
For Payer Coverage And Patient Access. Health Aff (Millwood). 2022 Mar;41(3):383-389. doi:
10.1377/hlthaff.2021.01316.

121 Friends of Cancer Research. Multi-cancer early detection screening tests: Considerations for use of real-world
data. https://friendsofcancerresearch.org/-content/uploads/MCED Screening_Tests-
Considerations for Use of Real-World Data.pdf

122 Friends of Cancer Research. Multi-cancer early detection screening tests: Considerations for use of real-world
data. https://friendsofcancerresearch.org/-content/uploads/MCED Screening Tests-
Considerations for Use of Real-World Data.pdf

123 Etzioni R, Gulati R, Weiss NS. Multicancer early detection: Learning from the past to meet the future. J Natl
Cancer Inst. 2021;(0):168. doi:10.1093/JNCI/DJAB168

30

www.mced.info


https://doi.org/10.1002/cncr.34745
https://friendsofcancerresearch.org/-content/uploads/MCED_Screening_Tests-Considerations_for_Use_of_Real-World_Data.pdf
https://friendsofcancerresearch.org/-content/uploads/MCED_Screening_Tests-Considerations_for_Use_of_Real-World_Data.pdf
https://friendsofcancerresearch.org/-content/uploads/MCED_Screening_Tests-Considerations_for_Use_of_Real-World_Data.pdf
https://friendsofcancerresearch.org/-content/uploads/MCED_Screening_Tests-Considerations_for_Use_of_Real-World_Data.pdf

