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Abstract

Multicancer early detection (MCED) tests may soon be available to screen for many cancers using a single blood test, yet little
is known about these tests beyond their diagnostic performance. Taking lessons from the history of cancer early detection,
we highlight 3 factors that influence how performance of early detection tests translates into benefit and benefit-harm trade-
offs: the ability to readily confirm a cancer signal, the population testing strategy, and the natural histories of the targeted
cancers. We explain why critical gaps in our current knowledge about each factor prevent reliably projecting the expected
clinical impact of MCED testing at this point in time. Our goal is to communicate how much uncertainty there is about the
possible effects of MCED tests on population health so that patients, providers, regulatory agencies, and the public are well in-
formed about what is reasonable to expect from this potentially important technological advance. We also urge the commu-
nity to invest in a coordinated effort to collect data on MCED test dissemination and outcomes so that these can be tracked
and studied while the tests are rigorously evaluated for benefit, harm, and cost.

Multicancer early detection (MCED) tests are on the cusp of enter-
ing the marketplace. These tests are designed to screen for a bas-
ket of cancers with 1 blood draw by interrogating features of
circulating cell-free DNA: mutation profiles, fragmentation pat-
terns, and methylation signatures. MCED tests represent a major
technological advance toward realizing a vision that cancer screen-
ing can be achieved with a simple blood test. This vision has moti-
vated a decades-long search for cancer biomarkers, producing
blood tests such as cancer antigen 125 for ovarian cancer and
prostate-specific antigen (PSA) for prostate cancer, with some no-
table successes, some disappointments, and plenty of controversy.

Current knowledge about MCED tests is focused on diagnos-
tic performance. Retrospective studies have evaluated test sen-
sitivity in known cancer cases and specificity in controls
without a cancer diagnosis. Results have shown variable sensi-
tivity depending on the test product, cancer type, and cancer
stage; reported specificity has been consistently high (98%-99%).
In 2018, Cohen et al. (1) reported that the CancerSEEK test’s sen-
sitivity to detect 8 types of cancer was 62% in a sample of clini-
cally detected, nonmetastatic (stage I-III) cases, with a
specificity of 99% in noncancer controls. In 2019, Cristiano et al.
(2) reported that the DELFI test’s sensitivity was 73% to detect 7
types of cancer in a sample of majority stage I-III cases with 98%
specificity. And in 2020, Liu et al. (3) reported that the Galleri

test’s sensitivity was 44% to detect more than 50 types of stage
I-III cancers with 99.3% specificity. In all tests, sensitivity was
lower for stage I (around 40%) compared with stage III tumors
(around 80%). In addition to producing a cancer signal, several
tests also label the most likely tissue of origin (TOO); in their ret-
rospective reports, the DELFI and Galleri tests identified the
TOO correctly in 75% and 93% of cancer cases, respectively.

The diagnostic performance of MCED tests suggests that they
may prove to be useful. First, reported specificity considerably
exceeds that of existing tests, such as mammograms and PSA
tests. It has long been recognized that high specificity is critical in
cancer screening to control the number of false-positive tests. In
general, the specificity of an MCED test will vary with the number
of cancers targeted by the test; Liu et al. (3) reported a specificity of
99.3% for a test targeting more than 50 cancers, but this is likely
higher than the specificity for their prespecified subset of 12 can-
cers. Second, although sensitivity for early stage disease is limited,
these tests appear able to detect a variety of cancers, including
some lethal cancers for which screening tests do not currently ex-
ist. These advantages stand to alter the way we diagnose these
cancers and, if they can translate into positive clinical impact,
would dramatically change the practice of early detection.

The investigation of whether diagnostic performance trans-
lates to meaningful clinical impact is typically a lengthy
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endeavor. In 2002, the Early Detection Research Network of the
National Cancer Institute codified the typical sequence of stud-
ies required to establish benefit into a pipeline, the Phases of
Biomarker Development (PBD) (4). This pipeline labels retro-
spective diagnostic performance studies as early phase (phase
2) and randomized screening trials as the ultimate phase (phase
5) before a test can be judged beneficial. From a PBD perspective,
MCED research is indeed still early phase. We do not yet know
what the clinical impact of the technology will be, nor are we
yet able to assess whether it will produce a sustainable benefit.
Furthermore, even if benefit can be established, a central lesson
of single-cancer screening is that the value of early detection
can be a double-edged sword. For many cancers, earlier detec-
tion and treatment is more likely to result in cure, yet for some
cancers, it can also lead to overdiagnosis and overtreatment (5).
As a consequence, evaluation of both benefit and harm of a
novel early detection technology is required before it can be rec-
ommended for general use in the population.

In this commentary, we highlight lessons learned from the
history of cancer early detection research about 3 factors
impacting how diagnostic performance of a screening test
translates to benefit and harm: the ability to readily confirm a
cancer signal, the population testing strategy, and knowledge of
the natural histories of the targeted cancers. We make the case
that knowledge gaps surrounding each of these factors imply
that any projection of the likely population impact of MCED
tests based on information published to date is highly uncertain
and not reliable. We argue that greater awareness is needed of
the complexities involved in translating from diagnostic perfor-
mance to population benefit and harm if we want to ensure
that patients, providers, and the public are well informed about
what they can expect from MCED technology.

The Ability to Readily Confirm a Cancer Signal

The ability to readily confirm a cancer signal is critical for
promptly triaging patients with true malignancies vs those with
spurious signals. Many studies have highlighted the anxiety
that surrounds a positive test result and its impact on quality of
life. For single-cancer screening tests, disease confirmation
most commonly occurs via image-guided biopsy. Even in this
setting, disease confirmation is not without its complications.
The imaging test is frequently imperfect, a biopsy may be highly
invasive, and a negative biopsy result in the presence of a per-
sistently positive screening result may lead to an odyssey of
confirmation testing. In ovarian cancer, for example, imaging of
the ovaries is used to triage women to biopsy, but most aggres-
sive ovarian tumors originate in the fallopian tube, which is dif-
ficult to image, and any biopsy requires a surgical procedure. In
prostate cancer, repeated negative 6-core biopsies in the pres-
ence of persistently elevated PSA tests led to increased sam-
pling with 12 and even 20 or more biopsy cores.

For multicancer tests, the problem of confirming the test result
is compounded. If the test does not label the TOO, then whole-
body scanning might be done, with its own sensitivity limitations
and the risk of identifying incidental benign lesions. If the test
labels the TOO but no tumor is visualized, this may be indicative
that no cancer is present. However, it could also be a false-positive
result. In practice, the patient must contend with a dilemma:
whether to reevaluate the same TOO, move down the list of likely
sites of the tumor produced by the test, or consider the test to be a
false positive (which does not automatically imply that no cancer
is present, only that none of the cancers targeted by the test are

present). And how to do this optimally—whether to proceed
according to the test’s ordering, or disease prevalence, or personal
risk (eg, due to family history of a specific cancer)—could substan-
tially impact benefit, harm, and cost.

In the absence of any guidance as to the most efficient pro-
cedure for confirming a positive MCED test result, we are almost
completely in the dark about how often the test might lead to
unnecessary confirmation imaging exams and biopsies. Societal
values about how much confirmation testing is tolerable—and
how to follow patients with positive results but no confirmed
cancer—are likely to evolve in tandem with protocols for MCED
test workup. We also do not know the extent to which the ad-
vanced imaging prompted by the test might reveal incidental
lesions that are not cancer with their own demands for evalua-
tion and further care. In the National Lung Screening Trial (6),
the percentage of all screening tests that identified abnormali-
ties not suspicious for lung cancer was more than 3 times as
high in the group that received low-dose computed tomography
screening as in the comparison group that received chest radi-
ography. Beyond the test itself, the burden of confirming MCED
test results could turn out to be the costliest aspect of popula-
tion MCED screening.

The Population Testing Strategy

The population testing strategy also greatly impacts health out-
comes. Even for single-cancer screening tests, the same test of-
fered over different age ranges or at different intervals can
produce quite different benefit-harm profiles. In prostate cancer
screening, for example, we have projected that just extending
the stopping age from 69 to 74 years increases lives saved by al-
most one-third, but the frequency of overdiagnosis is doubled
unless higher PSA thresholds for biopsy referral are used for
older men (7). In risk-targeted screening, the definition of what
constitutes the high-risk, screening-eligible population can be
similarly influential. New US Preventive Services Task Force
guidelines for lung cancer screening expand eligibility from 30
to 20 or more pack-years and lower the starting age based on a
projected 40% increase in lives saved under the expanded guid-
ance (8,9).

Determining how to deploy a cancer screening test is a com-
plex undertaking that must be tailored to disease dynamics in the
population. Because disease features such as prevalence and nat-
ural history differ across cancers, strategies that sustainably bal-
ance benefit and harm differ as well. Thus, the interval
recommended for colonoscopy is 10 years for average-risk indi-
viduals (10) because this cancer has a well-defined precursor le-
sion that takes many years to develop into a tumor, and much of
the benefit of colonoscopy is attributable to the preventive effect
of detecting and removing this lesion. In contrast, the recom-
mended interval for mammography screening is 1 to 2 years (11)
because the average preclinical latency of invasive breast tumors
is much shorter—approximately 2 to 4 years according to esti-
mates based on breast screening trials (12).

Determining how to deploy MCED tests is more complex be-
cause the various target cancers may have different preferred
strategies. If an MCED test is offered annually, the harm-benefit
trade-off will be very different than if it is offered every few
years. Even if we knew for certain that the best way to utilize
MCED tests is as a complement to existing screening tests, de-
termining a preferred strategy would require much more infor-
mation about the natural history of the target cancers than is
currently known.
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Knowledge of the Natural Histories of the
Targeted Cancers

Knowledge of the natural histories of the targeted cancers—when
these cancers start and how quickly they progress in the absence
of any intervention—is limited mostly to those cancers for which
screening tests currently exist. Indeed, it is the availability of data
on how screening alters disease incidence and stage at diagnosis
that permits identification of the natural history. Without such
data, we cannot decouple preclinical onset from preclinical la-
tency; for a given patient, all we know is the sum of the 2. We have
estimates of tumor latency for breast (12), lung (13), and prostate
cancers (14), but we lack estimates for cancers not currently
screened for, such as pancreatic and liver cancers. Further, little is
known about the fraction of the latent period representing early
stage disease. The window of opportunity for MCED tests to detect
these cancers early is therefore also uncertain. Even if an MCED
test shows high sensitivity to detect a certain cancer at an early
stage in a retrospective study, the opportunity for that test to de-
tect the cancer at an early stage under a prospective screening pro-
tocol will be lower when the early stage duration is shorter.

Given the gaps in our knowledge about natural history for
most cancers included in MCED tests, we cannot reliably project
how often the tests will successfully shift cases from advanced
to early stage at diagnosis. Clarke et al. (15) projected the im-
plied cancer mortality reduction from redistributing all stage IV
cases equally across stages I-III for a range of cancers to be 24%
assuming that cases shifted to an earlier stage by screening
would receive a corresponding shift in disease-specific survival.
We believe that this projection is likely to be optimistic.

In prior randomized trials of cancer screening, no modality
has reduced the incidence of late-stage disease by even 50%.
Across breast cancer screening trials, the median reduction in
late-stage incidence was 15% (16). In the European Randomized
Study of Screening for Prostate Cancer, the reduction was 30%
(17), and in the National Lung Screening Trial, the reduction in
stage IV incidence was 25% (6). In a modified calculation of
Clarke et al. (15), if only 25% of stage IV cancers are equally
redistributed across stages I-III, then the cancer-specific mortal-
ity reduction will be closer to 6% than 24%. In practice, the redis-
tribution may not be equal across stages, and there may be
additional shifts (eg, from stage III to stages I and II), but it is dif-
ficult to predict the likelihood of these outcomes.

Our discussion of the factors that impact how screening test
performance translates into clinical outcomes suggests that, at
present, the implications of published MCED test performance for
population screening benefit are highly uncertain. Ongoing pro-
spective studies, which are using these tests to screen large num-
bers of individuals in the target population, will provide important
data regarding the ability of MCED tests to detect latent disease,
the diagnostic testing pathways following a positive test, and the
frequency of unnecessary confirmation tests. But even if these
studies show that the tests can detect some targeted cancers be-
fore they would have been diagnosed clinically, this alone will not
be a guarantee of adequate population benefit or sustainable
benefit-harm trade-offs. With these single-arm prospective stud-
ies, we can know how many cancers are found by the test, what
type, and what stage, but we do not know if or when those cancers
would have been found without the test. Most importantly, we
cannot know whether the fate of persons with these cancers
would have been different in the absence of the test.

Only unbiased comparative studies will tell us the extent to
which patients detected by the test are actually being helped.
Observational studies that compare mortality between screened

and unscreened persons often are unable to achieve comparability
of the 2 groups with regard to their risk of disease (18). And studies
that compare screening histories between persons who die as a
result of a malignancy and controls from the same population
cannot provide an accurate assessment of screening efficacy until
the prevalence of screening in the population has stabilized (19).

There is a reason why randomized screening trials are consid-
ered to be the gold standard for evaluating cancer screening tests. In
principle, these trials provide empirical validation that the screening
test and disease natural history are likely to come together in a way
that translates favorable diagnostic performance into clinically sig-
nificant benefit, as well as permitting assessment of the harms of
the test. Randomized screening trials are the ultimate phase of the
Early Detection Research Network’s PBD, and they are an evidence
gold standard used by national policy panels such as the US
Preventive Services Task Force. Yet, randomized screening trials re-
quire vast sample sizes and (for many forms of malignancy) long
follow-up. Further, they can only examine a small number of possi-
ble screening strategies. And, despite being simple in concept, they
tend to be complex to implement, analyze, and interpret (20).

The promise of MCED testing and the uncertainty about its
population impact have created a need for randomized trials. It
is hoped that such trials can be conducted expeditiously and
designed to terminate early in case of a strong early signal of
benefit or lack thereof. Shortening the typically long timeline
for screening trials would clearly be welcomed by the public,
but this is challenging because benefit accrues over time, so
short-duration trials may not show a large clinical benefit.

It is likely that MCED tests will be made available to the pub-
lic and submitted to regulatory agencies for approval and reim-
bursement decisions long before trial results are available. We
have been in a similar situation before. Following the approval
of the PSA test for prostate cancer surveillance after diagnosis,
PSA screening rapidly disseminated into the population, dra-
matically affecting disease incidence, stage distributions, and
(eventually) mortality. Rates of PSA screening were not tracked
in real time and had to be assembled retrospectively (21) to pro-
vide information about the connection between PSA testing and
changes in prostate cancer outcomes (22,23). Screening trials
were launched, but much of the impact of PSA testing had al-
ready been felt, and a great deal had already been learned, by
the time their less-than-conclusive results were published (24).

We have learned, from the history of early detection, that
cancer screening conducted in the general population is the ul-
timate uncontrolled experiment. When screening tests dissemi-
nate ahead of randomized trials, we are compelled to try and
learn from this experiment. To do this for MCED tests, we need
to be prepared to track their dissemination within the health
system, catalog the populations that are being tested and why,
and record the diagnostic pathways and patterns of care follow-
ing a test. Figure 1 provides a schematic of the type of informa-
tion that we would encourage collecting in a new registry of
MCED test utilization and outcomes. Such a registry could help
inform about demand for and costs of confirmation testing fol-
lowing MCED testing, detection of incidental conditions, access
and equity, and health-related costs. Although the logistics may
be challenging, experience clearly supports making a coordi-
nated effort to collect these data if and when MCED tests dis-
seminate into the population. These data will facilitate a wide
range of studies that can be conducted in parallel with random-
ized trials. If we fail to do this, we will miss an opportunity to
learn in real time what we need to know about what could argu-
ably be the most important advance in cancer early detection
technology in the last several decades.
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Figure 1. Schematic of the components of a data registry to track the utilization and outcomes of patients receiving multicancer early detection tests. TOO ¼ tissue of
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