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Abstract

Blood-based assays using various technologies and biomarkers are in commercial development for the purpose of detecting multiple
cancer types concurrently at an early stage of disease. These multicancer early detection (MCED) assays have the potential to
improve the detection of cancers, particularly those for which no current screening modality exists. However, the unknown clinical
benefits and harms of using MCED assays for cancer screening necessitate the development and implementation of a randomized
controlled trial (RCT) to ascertain their clinical effectiveness. This was the consensus of experts at a National Cancer Institute–hosted
workshop to discuss initial design concepts for such a trial. Using these assays to screen simultaneously for multiple cancers poses
novel uncertainties for patient care compared with conventional screening tests for single cancers, such as establishing the diagnos-
tic workup to confirm the presence of cancer at any organ site; clarifying appropriate follow-up for a positive assay for which there is
no definitive diagnosis; identifying potential harms such as overdiagnosis of indolent disease; determining clinically effective and
efficient strategies for disseminating MCED screening in real-world practice; and understanding the ethical implications, such as
potentially alleviating or exacerbating existing health disparities. These assays present new and complex challenges for designing
an RCT. Issues that emerged from the meeting centered around the need for a flexibly designed, clinical utility RCT to rigorously
capture the evidence required to fully understand the net benefit of this promising technology. Specific topic areas were
endpoints, screening protocols, recruitment, diagnostic pathway, pilot phase, data elements, specimen collection, and ethical con-
siderations.

Blood-based assays using various technologies are in commercial
development for the purpose of detecting multiple cancer types
concurrently at early stage of disease. These assays are denoted
multicancer early detection or MCED assays. The current stand-
ard of care for early detection of cancer, however, is to screen
asymptomatic, ostensibly healthy individuals at risk for a single
cancer type using organ-specific tests. A positive screen triggers
an organ-specific diagnostic process that typically involves imag-
ing and a tissue biopsy for histopathologic evaluation.

MCED assays differ from organ-specific cancer screening in sev-
eral ways: 1) types of cancers potentially detected; 2) types of ana-
lytes measured, such as circulating tumor DNA mutation, DNA
methylation or fragmentation patterns, or circulating protein bio-
markers; and 3) artificial intelligence or machine learning model-
ing methods to determine what combination and level of those
analytes constitute a positive test result (1-10). Many assays, in
addition to identifying an overall likelihood of cancer, generate a
tissue-of-origin (TOO) prediction regarding the most probable
organ site(s) of cancer. To date, published studies of MCED assays
have generally focused on validating diagnostic performance in
persons already diagnosed with cancer (1,2,6,7,10,11). These case-

control studies differ in methods, design, and identification of
cases and controls. Some prospective studies in asymptomatic par-
ticipants (7,10) have been conducted but were not designed to
assess any clinical utility endpoints, such as cancer-related mor-
tality. A randomized trial with clinical utility endpoints of a single
MCED test recently completed enrollment in the United Kingdom;
however, results are not expected for several years (12).

Using these assays to screen simultaneously for multiple can-
cers poses novel uncertainties for patient care compared with
conventional screening tests for single cancers. They include 1)
establishing the diagnostic workup necessary to confirm the
presence of cancer at any organ site; 2) clarifying appropriate
follow-up for positive assays for which there is no definitive diag-
nosis; 3) identifying potential harms, such as anxiety or depres-
sion from false-positive screens and overdiagnosis of indolent
disease; 4) determining clinically effective and efficient strategies
for disseminating MCED screening in real-world practice; and 5)
understanding ethical implications, such as alleviation or exacer-
bation of current health disparities.

Because of the unique features of MCED assays in the cancer
screening space, in October 2021, the National Cancer Institute
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convened a 2-day workshop focused on the question of how to

evaluate the performance of MCED tests.

Goals of the workshop
Participants in the workshop included academic cancer bio-

marker investigators, primary care physicians with cancer

screening expertise, clinical trials experts, and others. The goals

of the workshop were to assess

1) the need for conducting a randomized controlled trial (RCT) to

evaluate the performance and utility of MCED screening tests;
2) various design issues of a putative RCT of MCED screening

tests; and
3) the need for supporting studies for a RCT, including a pilot

trial and observational studies.

For goal #2, to facilitate discussion, a prototype trial incorporat-

ing a platform type design (13), where several intervention arms are

compared with a single control arm, was presented by the National

Cancer Institute. As shown in Figure 1, each intervention arm offers

screening with 1 MCED assay along with standard-of-care screening

vs a control arm of standard-of-care screening alone.
In this article, we summarize the workshop discussions on the

various issues. Where there was a clear consensus among work-

shop attendees, we so state. In the case of varying opinions, we

present the authors’ current viewpoint, informed by arguments

presented on all sides of the issue.

The need for an MCED randomized trial
There was agreement among workshop participants that rigorous

evaluation of MCED assays intended for cancer screening is

greatly needed, especially because at least one MCED assay is

already in clinical use. Although it is hard to predict how quickly

MCED assays will disseminate in the population, or the extent to

which control arm participants in the proposed RCT would seek

screening with MCED assays outside of the trial, blood-based

screening tests could have rapid uptake. Comparisons were made

to how the blood-based prostate-specific antigen test was widely

adopted for screening without proper evaluation of potential ben-

efits vs harms. Establishing clinical validity (ie, sensitivity and

specificity) of MCED tests was deemed insufficient; a determina-

tion of clinical utility based on a RCT with appropriate primary

endpoints would be required. A general design as illustrated in
Figure 1 was endorsed by workshop participants.

Various clinical and operational aspects of the design of an
MCED RCT differ from those of a single cancer screening trial. To
refine these prior to the start of a main trial, workshop partici-
pants discussed the need for a pilot study. Further justification for
a pilot is bolstered by previous experience in the Prostate, Lung,
Colorectal, and Ovarian (PLCO) screening trial (14,15), National
Lung Screening Trial (NLST) (16,17), and UK Collaborative Trial of
Ovarian Cancer Screening (UKCTOCS) (15,19).

To be compatible with the planned multiarm platform design
of the main trial (Figure 1), the pilot study should have a similar
design. Intervention arm participants would be offered screening
with MCED tests over multiple rounds, with all participants
offered standard-of-care screening. Blood samples would be col-
lected in all study arms. If large enough, the pilot could provide
updated estimates of cancers identified in each arm to help refine
the study design assumptions for the definitive trial.

The best time to evaluate MCED assays in RCTs was generally
agreed to occur before regulatory approval by the Food and Drug
Administration and before health insurance reimbursement
becomes broadly available. That these technologies continue to be
developed and refined was cited as a reason to make the trial struc-
ture flexible. Accordingly, assays could be assessed continually over
time by implementing an adaptive, platform trial design that
includes early stopping rules and a transparent process for incorpo-
rating new arms for additional promising MCEDs as they emerge.

There was also discussion on the need for supporting observa-
tional studies, prior to and/or simultaneous with the pilot RCT, to
independently validate MCED diagnostic performance and help
assess which MCED tests merit inclusion in the pilot and/or
main-phase RCT. These studies include using existing cohorts,
such as National Institutes of Health’s All of Us cohort (20), to
assess prospective MCED performance in asymptomatic persons.

Primary and secondary endpoints for an
MCED trial
The objective of cancer screening is to improve overall clinical
outcomes for persons screened through early detection and treat-
ment of identified disease. Measures of population mortality, in
particular, death rates from the cancer(s) being screened for
among the entire trial arm population, provide the most rigorous,
unequivocal endpoint for measuring improved outcomes (21).

Figure 1. Platform study design schema. MCED ¼multicancer early detection
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Population mortality measures are not affected by lead time and
length biases that compromise other potential endpoints, such as
survival or proportional stage shift (22,23). Moreover, potential
harms are assessed to determine whether the mortality reduc-
tion outweighs the harms from screening.

Most major cancer screening trials evaluated screening for sin-
gle cancers with mortality from that cancer as the primary end-
point. This includes trials for low-dose computed tomography lung
cancer screening, mammography for breast cancer screening,
endoscopy and stool-testing for colorectal cancer screening, and
prostate-specific antigen for prostate cancer screening (24-29).

In considering a primary endpoint of cancer mortality for an
MCED RCT, a central challenge entails deciding which cancer
organ sites to include. One option is mortality from all cancer
sites. However, these assays are not usually designed to detect all
possible cancers, and different assays may detect different sub-
sets (a “basket”) of cancer types. Therefore, another option for the
primary endpoint for a particular assay arm is a composite end-
point of deaths from each of the target cancers in the prespecified
basket for that assay. As shown in Figure 1, if MCED 1 detects
cancers A, B, and C, the primary outcome compares death rates
from those 3 cancers in arm 1 with death rates from those same
cancers in the control arm.

Key secondary endpoints are all-cause mortality, all-cancer
mortality (if not the primary endpoint), incidence of advanced
stage disease, and harms such as false-positives, invasive proce-
dures, serious adverse events, patient psychological distress and
experiences with care, and overdiagnosis. It is important that
harms and safety be assessed as stringently as benefits.

Although cancer mortality remains the most rigorous primary
endpoint, some workshop participants expressed interest in
using the rate of advanced (late-stage) cancer as the primary end-
point, which could provide earlier trial conclusions. One example
of using late-stage incidence as the primary endpoint is the cur-
rent tomosynthesis mammographic imaging screening trial
(TMIST) comparing digital mammography with tomosynthesis
(30). Use of this endpoint was justified based on mammography
screening RCTs, where there was strong correlation between
reduction in advanced (ie, stages II-V) breast cancer and reduc-
tion in breast cancer mortality (28).

Workshop discussants who were against using late-stage inci-
dence as a primary outcome measure argued that a late-stage
incidence reduction might not translate into a mortality benefit
for all cancers in a particular assay basket. They cited the
UKCTOCS trial, which demonstrated a significant reduction in
stage IV ovarian cancer incidence in the multimodal screening vs
control arm but ultimately did not result in an ovarian cancer–
related mortality benefit (24).

Although the incremental benefit of earlier vs later treatment
of a cancer is a prominent factor in determining the benefit of a
reduction in late-stage incidence, for some cancers even early
stage disease has poor outcomes. For example, early stage pan-
creatic cancer has worse 5-year survival than late-stage prostate
cancer (31,32). So, a given reduction in late-stage incidence may
translate into different mortality reductions (including possibly
no mortality reduction) for different cancer types. Unlike estab-
lished cancer screening tests, there have been no RCTs of MCED
assays used for cancer screening with mortality and advanced
stage data to use for validation of surrogates.

Another issue involves the definition of advanced stage dis-
ease. Some workshop participants advocated for the use of stages
III-V across cancer types; others suggested using organ-specific
definitions. Nevertheless, after the completion of a MCED trial

with a cancer mortality endpoint, the incidence of advanced
stage disease should be investigated as a potential surrogate for
mortality to determine if this endpoint can be appropriately
defined and validated.

Assessing all the arguments presented, the authors believe
that cancer mortality for a basket of cancers predefined for each
MCED arm, as displayed in Figure 1, is the preferred primary end-
point for a trial.

Feasible screening protocols for
an MCED trial
A trial design with annual MCED screening for 3-5 years, and total
follow-up of 7 years for the primary endpoint, was proposed.
Modeling analyses suggest that for a design with a cancer mortal-
ity endpoint, a trial with 5 annual screens and 7 years of total
follow-up offers a substantial increase in power over a design
with only 3 annual screens and 5 years of total follow-up. An
advantage of annual screening is simplicity. Additionally, the
basket of cancer types included in the primary endpoint will
likely cover a broad array of cancer types, including many, such
as pancreatic and ovarian, with aggressive trajectories.
Therefore, a relatively short screening interval, such as annual,
could maximize potential benefit without undue participant bur-
den. The idea of testing at other frequencies, based on individual
risk, was discussed as a possibility, although this would increase
the complexity of the trial.

An argument was offered that screening frequency should be
driven more by the underlying natural history and treatment of
the cancers than by the assays. Yet little is known about the nat-
ural history of most types of cancer. In screening trials, cancer
detection rates are generally greater on the first screen compared
with later screens. Whether that pattern continues in an MCED
trial will depend on the cancer types that a particular assay tar-
gets. This may be relevant for determining the number of screen-
ing rounds in a trial.

Workshop discussants agreed with the need to make
standard-of-care screening available to all study participants if
they chose to accept it. However, there was disagreement about
the extent to which the trial should encourage such screening.
On one hand, treating standard-of-care screening as usual care,
without undue encouragement by the trial, would be a better
way of assessing real-world harms, such as attrition of standard-
of-care screening in the intervention arms. On the other hand, it
might be more ethically justifiable to actively encourage people
in all arms to receive standard-of-care screening. However, if the
trial significantly encourages it, there will be a higher rate of
standard-of-care screening in all arms, and the results may not
be as generalizable to real-world practice experiences of the
broader population. Overall, the authors’ preferred approach is
that all trial participants should be encouraged to receive
standard-of-care screening.

Target populations for an MCED trial
In considering the target population for an MCED trial, 2 related
issues were discussed: 1) what the eligible population should be
and 2) how that population should be recruited. The eligible pop-
ulation should be representative of the eventual intended use
population and have a high-enough event rate of the primary
outcome (eg, cancer mortality) to enable a feasible sample size of
the trial. These characteristics can be at odds, as representative-
ness may be sacrificed to increase the primary outcome event
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rate. This was seen in the NLST with respect to the smoking his-
tory eligibility requirements (33). Typically, higher event rates
lead to a smaller required trial sample size and/or a shorter study
duration.

Cancer mortality increases substantially with age; therefore,
age is the primary eligibility factor. Possible minimum ages are 45
or 50 years, and maximum ages are 70 or 75 years. Because MCED
assays target a broad range of cancers, with potentially different
risk factors, it is not as straightforward to select for high risk as it
would be for a trial of a single cancer screening modality. A sim-
ple risk model was developed for this workshop using data from
PLCO. From 1993 to 2001, PLCO randomly assigned almost
155 000 men and women aged 55-74 years to an intervention or
control arm; intervention arm participants received periodic
screening for lung, colorectal, and either prostate or ovarian can-
cer (14). Body mass index, family history of cancer, and several
smoking history variables assessed in a baseline questionnaire
from participants in both arms were used to predict 7-year all-
cancer mortality (Figure 2). Based on this model, restricting eligi-
ble participants to the top 50% or 25% of risk appreciably
increases the event rate of all-cancer mortality and thus lowers
required sample size. However, recruiting based on higher risk
skews the trial population toward current smokers and older
individuals and could adversely affect representativeness.

In a general population study, individuals at very high cancer
risk (eg, carriers of highly penetrant mutations that cause heredi-
tary breast and ovarian cancer syndrome and hereditary nonpo-
lyposis colorectal cancer) would not be excluded. However, these
patients often undergo more intensive cancer screening regi-
mens. A separate study, enrolling these individuals and using
those MCED assays that target their high-risk cancers, might be
more appropriate.

The authors believe that a general population approach
should be used for the pilot phase, with an age range of roughly
50-75 years. The pilot results can help assess the feasibility of
recruiting high-risk groups and refine population-risk profiles,
which can help inform the main trial on this issue.

There was consensus that adequate representation of popula-
tions traditionally underrepresented in research is critical,
including African American, Latino, and Native American indi-
viduals; rural populations; and the under- and uninsured.
Adequate implies at least proportional representation in terms of
the eligible age group but could also mean proportional to the
cancer burden in the age-eligible population.

As a general strategy, large health-care systems have recently
used patient portals, text messaging, and social media to recruit
research participants, whereas prior trials have used mass mail-
ings. A trial communications center that can directly interact
with potential participants and respond to questions or concerns
would be useful.

For traditionally underrepresented groups, a digital divide
exists in the United States, particularly among the socially disad-
vantaged (34). Therefore, relying only on social media and other
digital channels may not be effective in ensuring representative-
ness. Community outreach and engagement-based strategies
that partner with trusted local organizations and develop cultur-
ally appropriate messaging strategies may be an effective way to
recruit people (35). One method to help ensure adequate enroll-
ment of underrepresented groups, which was used in some
COVID-19 trials, was to close enrollment to non-Hispanic White
individuals after they reached a given target and only recruit
thereafter from other populations (including African American,
Latino, and Native American individuals). For underinsured and

uninsured individuals, it is necessary to implement specific out-
reach that identifies a means for coverage of downstream costs
related to managing positive screening tests and treating diag-
nosed cancers.

Diagnostic follow-up after positive
MCED tests
Once a positive MCED result is found, the next step is determin-
ing whether cancer exists and, if so, where. Most assays indicate
a potential TOO, providing a direction for starting the diagnostic
process. Others not providing a TOO instead may trigger whole-
body imaging scans as the first step in the diagnostic pathway.
Although assays may indicate likely TOO(s), companies generally
do not specify the diagnostic process; thus, it has the potential to
be highly variable. Additionally, little is known about determining
cancer risk for people with positive assay results but no definitive
finding of cancer.

The appropriate number and type of diagnostic tests to evalu-
ate positive assay results may vary according to the predicted
TOO and patient characteristics (eg, co-morbidities and patient
preference). Variation in the diagnostic approach also may result
from clinicians’ practice preferences and the availability of
follow-up care. A predefined, standardized approach to diagnos-
tic testing for a variety of organ sites (diagnostic pathway) may
need to be worked out for each assay evaluated in the trial. For
example, a trial-specific diagnostic process was implemented for
the UKCTOCS trial (18).

Even with standardized diagnostic pathways, sufficient flexi-
bility is needed to accommodate clinical judgement for individual
patient scenarios. For most large cancer screening trials, diagnos-
tic pathways were not incorporated into the trials themselves.
Yet, because MCED assays for screening are new, clinicians may
welcome the guidance of trial-specific diagnostic pathways, par-
ticularly when the initial workup does not reveal a cancer diagno-
sis. Although standard approaches exist for incidental findings in
some imaging modalities, the potential for harms in the diagnosis
process exists, including complications from diagnostic testing,
lack of follow-up, patient distress around out-of-pocket costs and
other matters, and lack of a definitive diagnosis.

One drawback to implementing a predefined, trial-specific
diagnostic pathway in MCED trials is that the interpretation of
study findings may be restricted to the assay plus the diagnostic
pathway. However, even without trial-defined pathways, the
interpretation of findings still is dependent on the diagnostic
process used in the trial.

The authors believe that having a predefined, trial-specific
diagnostic pathway is the optimal approach and ensures the
appropriate care for the study participants. The pathway algo-
rithm should be evaluated in the pilot phase and modified as nec-
essary.

Collecting data for the trial
Collection of high-quality data is crucial to the success of an
MCED trial. However, there may be trade-offs between costs,
time lags, quality, and trial data completeness. Although clini-
cally actionable results will be supplied to the trial by the compa-
nies, it is desirable to obtain as much information on assay
results as possible, including raw test data, which may be helpful
in ancillary trial research.

For collection of the primary outcome of mortality from all or
a subset of cancers, linkage with the National Death Index is
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simple and inexpensive and provides timely and highly accurate
results. Cancer incidence and stage, for all or most cancer sites,
are important secondary outcomes. Other cancer screening trials
(eg, PLCO and NLST) initially employed a large staff to obtain and
abstract relevant medical records, a labor-intensive and costly
process when ascertaining all-cancer incidence. These trials later
switched to passive follow-up via state cancer registry linkages.
In PLCO, the passive linkage approach gave similar ascertain-
ment rates as active follow-up and had high levels of agreement
with active follow-up on cancer characteristics (36). With the
development of the Virtual Pooled Registry (37), such efforts will
be greatly simplified by having a single, common application
process that covers most states rather than having separate
applications for each, as was the case with PLCO and NLST. A
drawback of state registry linkages is the lag time of up to 2 years
for available data. Another disadvantage is the availability of
stage information, especially tumor-nodes-metastasis stage,
which is often missing in registries. Other possible approaches
involve linking with electronic medical records (EMR) from large
health-care systems.

To mitigate potential harms and costs of diagnostic follow-up
and to understand the extent of patients’ “diagnostic odysseys,” it
is critical to obtain detailed data on diagnostic follow-up, whether
performed under trial auspices or in the community. Data on
community-performed diagnostic tests are typically harder to
obtain. Vital information on the outcomes of procedures, includ-
ing adverse events, are more difficult to obtain than the fact of

the procedures themselves. For example, knowing whether there
were positive tests that were never pursued further is of interest.
Complications of diagnostic procedures should be captured to
fully assess harms. EMRs may be useful in collecting these data,
especially from patients enrolled in large health-care systems. It
is also important to capture patient-reported outcomes related to
diagnostic follow-up of positive screens (eg, anxiety, patient expe-
rience with care, lost time from work). Patient-reported outcomes
should also be collected in a subset of those without positive
screens.

The authors believe that a combination of approaches, includ-
ing direct collection of data by trial staff, linkage with EMRs, and
linkage with the National Death Index and state cancer registries
will be needed. How these different approaches will work for dif-
ferent types of data should be assessed in the pilot trial.

Collecting specimens for testing and
future use
It is unclear how best to develop and implement a standard oper-
ating procedure for specimen collection if each MCED assay has
different collection and processing requirements. Yet, common
collection processes are necessary to ensure uniformity in target
analyte preservation if MCED assays are evaluated against a
common control arm. If each assay has sufficiently different
requirements for the blood collection, specimen processing prior
to shipping, conditions for transportation, and storage, sites may

Figure 2. Enriching the target population for high risk. Using Prostate, Lung, Colorectal, Ovarian Cancer Screening Trial data, panels A, B, and C
represent the population aged 55-75 years, the entire population (A), the top 50% risk (B), and the top 25% risk (C). Risk is for all-cancer mortality over
7 years and is based on model incorporating smoking history, body mass index, family history, and demographics.
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have to coordinate different types of collection kits for the plat-
form trial.

Currently available MCED assays use blood plasma, whose
collection entails minimally invasive phlebotomy at an ethically
acceptable maximum volume of 60 mL per draw per study partic-
ipant, with an approximate plasma yield of 40 mL The standard
operating procedure–required infrastructure and laboratory
training and expertise for specimen processing and quality con-
trol raise questions about the ability of community primary care
sites to participate in the study, which may have important
implications on trial population diversity. Another ethical issue is
the acceptable maximum amount of collected specimens for
future research on MCED test development.

Even though all reported MCED assays use blood, in the future
they could use other biospecimens (eg, urine). A platform RCT
should therefore have a flexible and adaptive design to allow
inclusion of new intervention arms by accommodating specimen
requirements of new assays as they become available.

Ethical considerations in designing
an MCED trial
No medical intervention is completely free of potential harms. To
date, limited information exists on the potential benefits and
harms to persons who have cancer screening with MCED assays.
Potential harms to participants include psychological morbidity
(eg, anxiety) because of false-positive tests, findings of indolent
“incidentalomas,” or untreatable disease conditions; unnecessary
diagnostic procedures and complications; and deferral of
standard-of-care screening tests due to false reassurance from
negative MCED test results. Other downstream harms include
morbidity resulting from overdiagnosis and treatment of indo-
lent, screening-detected cancers.

When institutional review boards approve federally funded
research, they are charged with determining that risks to partici-
pants are minimized and reasonable in relation to anticipated
benefits (38). Early detection of cancer, even via noninvasive
means, is not a benefit per se. Meaningful benefit requires an
evaluation of the clinical utility of the screening, which is best
assessed in a RCT.

Ethical issues also include societal concerns, particularly
related to health disparities. Historically, marginalized racial and
ethnic minority and geographically isolated communities have
experienced economic, educational, and geographic disadvan-
tages that limit health-care access and may require additional
safeguards to protect their rights and welfare under the Federal
Policy for the Protection of Human Subjects (38). It is critical for
the trial population to be nationally representative with respect
to race and ethnicity, geography, insurance status, and other fac-
tors (eg, education, income) so that trial results will be widely
applicable. Downstream costs to trial participants, including
diagnostic follow-up tests, must be covered for the uninsured
and underinsured to ensure their participation. New technologies
such as MCEDs may increase current disparities if equal access
to testing and follow-up care is not ensured. On the other hand,
efficacious MCEDs could decrease current disparities if they are
made accessible in medically underserved communities. Thus,
information from RCTs is necessary to understand the impact
that the assays will have on existing disparities.

Another potential harm is the erosion of public trust in cancer
research if the trial is not conducted equitably and transparently.
Skepticism of medical science and expert recommendations is
widespread in the United States and raises the need for caution

before new interventions are implemented (39). Care must be
taken not only to determine whether MCED screening is effective
and safe but to help the general public understand the support-
ing scientific evidence.

A final ethical issue, mentioned previously, concerns the
extent to which standard-of-care screening should be promoted
across trial arms. On one hand, the ethical principle of justice
supports efforts to maximize access to and utilization of
standard-of-care screening and follow-up care among all individ-
uals in all study arms (particularly those from underserved and
underrepresented populations) to promote health equity. On the
other hand, such efforts may reduce the generalizability of study
findings if they enhance rates of screening and follow-up care
compared with real-world clinical settings (which reflect limita-
tions in access to care). The design of an MCED trial will require
an acceptable resolution of this tension between the ethical prin-
ciple of justice and the scientific goal of external validity; some
sacrifice of generalizability may be justified if it improves health-
care access and health equity and yet still enables evaluation of
the comparative effectiveness of MCED and conventional screen-
ing strategies.

Discussion
MCED assays have the potential to improve the detection of can-
cers, particularly those for which no current screening modality
exists. However, the overall benefits and harms of screening with
these assays need to be better understood. The consensus of the
workshop was that a flexibly designed, clinical utility RCT is
needed to rigorously capture the evidence required to fully
understand the net benefit of this promising technology. The
authors recommend an RCT that recruits participants aged 50-
75 years from a representative population with a primary end-
point of cancer mortality from a predefined basket of cancers
specific to the MCED assays. The RCT should include a predefined
trial-specific diagnostic pathway for a positive MCED test result.
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