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Key Messages
•	 Horizon Scan reports provide brief summaries of information regarding new and emerging 

health technologies; these technologies are identified through the CADTH Horizon 
Scanning Service as topics of potential interest to health care decision-makers in Canada. 
This report is not an endorsement or assessment of any test or technology.

•	 This Horizon Scan summarizes the available information regarding the emerging 
technology of liquid biopsy–based, multi-cancer early detection tests for cancer screening. 
This Horizon Scan focuses specifically on the Galleri (GRAIL Inc.) and CancerSEEK (Exact 
Sciences) tests, which are further along in the development cycle and are being assessed 
in different international clinical studies.

•	 Multi-cancer early detection technologies aim to provide a new approach to complement 
traditional cancer screening programs. These tests examine genetic signals within blood 
samples with next-generation sequencing and computational algorithms to assess the 
presence and type of different cancers. Research to date has focused on describing 
results from training and validation studies that have provided initial estimates of test 
performance and modelling studies estimating the potential impact on cancer incidence.

•	 This Horizon Scan also highlights some issues for health care decision-makers to consider 
about the technology relating to real-world test performance, the potential benefits 
and harms of screening with multi-cancer early detection tests, and the disruptiveness 
to health systems they could pose. Ongoing review of clinical trials and the emerging 
evidence base can help inform health systems in Canada about their potential role within 
cancer-control initiatives.

Multi-Cancer Early Detection Technologies Could 
Transform Cancer Screening
Emerging health technologies that use liquid biopsies for the early detection of cancer may 
offer a new approach to complement traditional cancer screening programs. These tests 
may help reduce some of the barriers associated with standard screening tests and expand 
the scope of screening beyond individual cancers.1 Two specific technologies, namely the 
Galleri Test (GRAIL Inc.)2 and CancerSEEK (Exact Sciences),3 are emerging multi-cancer early 
detection (also termed pan-cancer) tests that use next-generation sequencing, computational 
algorithms with artificial intelligence, and molecular analysis of blood samples to identify early 
signals of different cancers. Within the wider context of emerging molecular and genomic 
testing technologies, these multi-cancer early detection tests could be disruptive to the 
Canadian health care landscape because they could transform the existing model of cancer 
screening, in which 1 screening test detects for a single cancer type.

How It Works
Unlike traditional screening tests that examine individual tissues or organs, multi-cancer 
early detection tests examine molecular signals within blood that could indicate the presence 
of different cancer types.4 Specifically, these tests examine cell-free DNA (cfDNA) which is 

https://www.galleri.com/
https://www.exactsciences.com/Pipeline-and-Data/Multi-Cancer-Early-Detection
https://www.galleri.com/
https://www.exactsciences.com/Pipeline-and-Data/Multi-Cancer-Early-Detection
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released by cells from across the body into the bloodstream and other bodily fluids. Analysis 
of cfDNA is an emerging area of interest for cancer screening, diagnosis, and management 
because many cancerous cells are known to release elevated levels of cfDNA and may 
provide an accessible and non-invasive approach to obtain critical information about the 
cancer.5,6 Among people with cancer, an estimated 0.5% of cfDNA may be from the tumour; 
however, the amount of DNA shed can vary based on the size of the tumour and different 
pathological features of the cancer.7,8 Although the relative proportion of cfDNA in blood 
originating from the cancer (called circulating tumour [ctDNA]) is relatively small compared 
with DNA from other tissues and cells of the body, ctDNA can have a distinct molecular 
signature compared with DNA shed from healthy cells.4 These differences may include 
mutations, copy number variations, and epigenetic changes (i.e., changes in DNA that affect 
how genes are read) that could serve as biomarkers for ctDNA.7,9 Multi-cancer early detection 
tests analyze DNA to identify mutations and/or other molecular markers that could indicate 
the presence of cancer (Figure 1). In addition to identifying ctDNA from the pool of cfDNA, the 
tests also aim to obtain information about the cancer’s type, origin, and other characteristics 
that could be relevant for treatments or prognosis. Both the Galleri and CancerSEEK tests 
operate based on this biological underpinning, although by analyzing different molecular 
markers and using distinct computational methods.

The Galleri Test uses DNA sequencing that specifically examines more than 100,000 genomic 
regions that can be differentially methylated (a methyl chemical structure attached to DNA).10 
Methylation is a form of an epigenetic modification that can affect how genes are read, and 
it is known to play an important role in the development and progression of many cancers.9,11 
Among different cancers and cell types, certain genomic regions can be associated with 
either increased or decreased methylation and serve as biomarkers for detecting cancer, 
informing treatment decisions, monitoring residual disease activity after treatment, and 
providing an early signal for recurrence.11 The key benefits of examining methylation patterns 
is that it offers a wide range of potential regions to analyze compared with a limited set of 
mutations. Some of these targets may be detectable at early stages of the cancer and may 
provide a reliable signal despite the relatively small proportion of ctDNA in the blood.7,10,12 
Ongoing development and validation of analysis algorithms aim to continually improve test 
performance.13

Figure 1: Circulating Tumour DNA in the Bloodstream May Have a 
Distinct Molecular Signature That Could Indicate the Presence of 
Cancer

Source: Created by Claire Davis; reprinted with permission from Huntsman Cancer Institute at the University of Utah.
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The CancerSEEK test takes an alternative approach by examining a fewer number of genomic 
regions and looking for specific mutations, but it has an additional analytical component that 
examines proteins associated with certain cancers.14 Increased levels of certain proteins may 
provide an early indication of some cancers as the proteins may be linked with abnormal cell 
or tissue growth.15 Initial calibrations of the test aimed to optimize the number of genomic 
regions and proteins that could help identify early-stage tumours in 8 common cancer types 
with high accuracy but not increase the risk of producing false-positive results. Based on 
the calibration, the test assays the presence of mutations within 16 genes (more than 1,900 
distinct genomic positions) and the levels of 8 proteins that could help identify early-stage 
tumours.14 Machine-learning algorithms are also used to improve the test’s detection 
capabilities but are not necessary for conducting the analysis.16

Who Might Benefit?
Cancers are the leading cause of mortality, attributing to more than 80,000 deaths in 
Canada each year.17 Early detection of cancer is a strategic health priority in Canada and 
internationally, and can occur through either improving and expanding screening (i.e., 
testing people who do not show symptoms) or improving diagnostic pathways18,19 Although 
guidelines from the Canadian Task Force on Preventive Health Care recommend that 
standard screening be offered for breast, cervical, colorectal, lung, prostate, and ovarian 
cancers, most provincial and territorial jurisdictions across Canada have standard screening 
programs limited to breast,20 cervical,21 and colorectal22 cancers.

Multi-cancer early detection tests, if shown to be accurate, reliable, and feasible, may help 
complement existing screening programs and potentially diagnose more cases of cancer.23 
They may also enable early detection of cancer types for which there are no screening tests 
available. For example, pancreatic cancer does not have a screening test, yet is among the 
5 leading causes of cancer-related deaths in Canada.24 More than half of cancer deaths are 
attributed to cancers that do not have screening tests.24,25 Individual screening tests for each 
of these cancers would likely not be feasible at a population level given their relatively lower 
incidence, but multi-cancer early detection technologies may be more feasible. If earlier 
detection is associated with better outcomes and particularly reduced mortality, potentially 
thousands of people in Canada may benefit each year.1,7,26

People can also face different barriers with traditional screening related to screening 
access, health education, and discomfort with certain tests (pain, fear of pain, or general 
unease).27-29 These barriers can often intersect with social determinants of health and can 
reduce the uptake of well-established screening programs.27-32 Because multi-cancer early 
detection technologies rely on blood samples, their simplicity may offer several advantages 
for screening that could potentially improve accessibility, reduce test discomfort, and reach a 
greater number of people when complemented with traditional screening tests.25 A qualitative 
study assessing the preferences of people diagnosed with cancer reported that a majority 
of people (90%) would prefer liquid biopsy testing compared with tissue biopsies, if given 
a choice.33 However, improving cancer screening participation, regardless of specific tests, 
requires appropriate engagement, considerations for equity, endorsement from health care 
professionals, and other approaches to help encourage uptake.34,35
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Availability and Cost
Neither the Galleri or CancerSEEK tests are authorized for routine clinical use in Canada or the 
US, but both tests received the FDA’s Breakthrough Device Designation in 2019, signalling an 
expediated process for authorization if either manufacturer submits an application.7,36 As of 
June 2021, the Galleri Test is available with a prescription as a clinical laboratory-based test 
(limited to the remit of complex testing) in the US at a cost of US$949.2,25 People in England 
may receive the test as part of a national clinical trial enrolling eligible participants in 9 areas 
of the country through their general family practice.37

What Is the Evidence?
Assessing screening tests and screening programs is a complex process that includes 
assessing test sensitivity (the ability to correctly identify people with the condition), specificity 
(the ability to correctly identify people without the condition), predictive values (positive 
predictive value refers to the likelihood or odds of a person with a positive result actually 
having the condition), and implications of how test results may affect individuals and health 
system outcomes.38,39 This Horizon Scan did not aim to review the breadth of evidence 
relating to the benefits or harms of multi-cancer early detection tests nor critically appraise 
the studies summarized. Rather, the Horizon Scan provides a summary of some of the 
published studies about these emerging tests. Note that published studies to date have been 
largely funded and conducted by test manufacturers.

Galleri Test Performance
The Galleri Test is being studied as part of the Circulating Cell-free Genome Atlas (CCGA)40 
study, a prospective multi-site, non-randomized study with 15,254 participants. The study 
includes participants both with and without a clinical diagnosis of cancer who are followed 
for up to 5 years. Blood samples from participants are analyzed with the Galleri Test along 
with additional tests as part of routine cancer care or other screening programs to train 
computation algorithms, validate the tests, and assess test performance. Various findings 
from substudies have been published while additional analyses are ongoing.

Following the initial discovery stage, a training and validation study analyzed test performance 
using blood samples of participants with and without cancer.12 The study was double-blinded 
and included samples from more than 50 different cancer types of which 12 were high-signal 
cancer types (pre-specified from an earlier substudy to provide sufficient signal). For the 12 
high-signal cancer types, test sensitivity was reported to be 76.4% for stage I to stage IV.12 
However, sensitivity varied based on cancer stage, with the highest sensitivity reported for 
stage IV (92%) and the lowest for stage I (39%) samples.12 Sensitivity for all 50 cancer types 
was reported to be lower: 54.9% for stage I to stage IV.12 Specificity was reported to be 99.3% 
with a less than 1% false-positive rate.12

A subsequent study further refining the analytical models of the Galleri Test reported similar 
rates of sensitivity and specificity, but also extrapolated results to estimate that the positive 
predictive value may be 44.4% for people between the ages 50 years and 79 years of age 
living in the US.13 However, the authors of the study cautioned that more accurate measures 
of positive predictive values are being assessed in ongoing studies.13 Among true positive 

https://clinicaltrials.gov/ct2/show/NCT02889978
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cases of cancer, the study reported that the test was able to correctly predict the origin of 
cancer for 88.7% of samples; that is, it was able to detect not only the presence of cancer, but 
also the cancer type for 88.7% of samples.13

Ongoing Studies
Additional studies for the Galleri Test are also under way, some of which are presented in 
Table 1. These studies are continuing to validate test performance in different populations, 
assess safety, examine the role the test may play within a health system’s routine screening 
program, while collecting more rigorous evidence in a randomized trial.

CancerSEEK Test Performance
The CancerSEEK test has been assessed in a proof of concept study14 and in a prospective 
intervention study.16 The first study used the test on blood samples from 1,005 people with a 
new diagnosis of 8 common cancer types (stage I to stage III only) who had not yet received 
chemotherapy and a comparison group of 812 people with no known history of cancer or 
other listed conditions.14 The study reported a median test sensitivity for the 8 cancer types 
to be 70%, with considerable variation between different cancer types and stages.14 The 
highest sensitivity was reported for ovarian cancers (98%) and the lowest was reported for 
breast cancer (33%).14 Specificity was reported to be greater than 99%.14 The authors noted 
that the true test performance of CancerSEEK is likely to be lower because in a population 
setting of cancer screening there would likely be fewer people with advanced disease as in 
the study sample.14

Table 1: Ongoing Clinical Studies With the Galleri Test (GRAIL Inc.)

Name and location Study type Participants Aims

SUMMIT Study: A Cancer 
Screening Study (SUMMIT)

NCT03934866

UK

Prospective, cohort

April 2019 to August 
2030

People 55 to 77 years 
of age with high risk of 
lung cancer

N = 130,000 
participants (enrolled)

•	Validate multi-cancer early detection test 
performance

•	Assess the performance of low-dose 
computed tomography screening.

PATHFINDER 2: A Multi-
Cancer Early Detection 
Study

NCT05155605

US

Prospective, cohort

December 2021 to 
September 2025

People 50 years of age 
or older

N = 10,000 (targeted)

•	Assess safety and performance of multi-
cancer early detection among people eligible 
for routine cancer screening as per guidelines.

REFLECTION: A Clinical 
Practice Learning Program 
for Galleri

NCT05205967

US

Prospective, cohort

August 2021 to 
August 2028

People 18 years of age 
or older

N = 35,000 (targeted)

•	Understand the performance of the test 
in clinical settings and the impact on 
patients and health care providers, including 
health care utilization, patient and provider 
satisfaction and acceptance, and adherence to 
routine cancer screening tests.

NHS-Galleri Trial

ISRCTN91431511

UK

Randomized 
controlled trial

July 2021 to February 
2026

People 50 to 77 years 
of age

N = 140,000 (1:1 
control-intervention, 
targeted)

•	Assess whether the multi-cancer early 
detection test can identify cancer earlier when 
combined with routine screening within the 
NHS’s system of care.

https://clinicaltrials.gov/ct2/show/NCT03934866
https://clinicaltrials.gov/ct2/show/NCT05155605
https://clinicaltrials.gov/ct2/show/NCT05205967
https://www.isrctn.com/ISRCTN91431511
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The subsequent prospective intervention study aimed to assess the test in a setting and 
population that may be more similar to routine cancer screening. The study enrolled women 
between ages 65 years and 75 years, with no history of cancer, who were likely to undergo 
standard screening.16 All participants were tested at baseline, and individuals who had a 
positive signal received a second confirmation test. Following clinical review, participants with 
a positive confirmation test were invited to take a full-body diagnostic PET-CT scan to identify 
if they may have cancer.

In the study, 9,911 people took the first blood test, of whom 127 were evaluated by imaging 
after a second confirmation test and clinical review.16 The test helped identify 26 people with 
cancer; an additional 70 people were identified to have cancer through other diagnostic or 
routine screening tests during the study period (people did not overlap in either group).16 
Sensitivity for the test (based on 2 samples: baseline and confirmation) was reported to 
be 27.1% and specificity was reported to be 98.9% for the 8 cancer types assessed by 
CancerSEEK.16 The study helped show that, it in routine care, the tests may be able to identify 
additional cases of cancer that may not have been identified through standard screening 
alone. At least 1 prospective, cohort study (called ASCEND41) is under way with a newer 
version of the CancerSEEK test, and its parent company is continuing to develop their liquid 
biopsy–based, multi-cancer early detection technology.42

Issues to Consider

Real-World Measures of Test Performance
Although measures of test sensitivity in observational studies provide an estimate about test 
performance, in real-world application of screening at a population level, positive predictive 
values (impacted by the prevalence of a condition) are a key measure that informs how well a 
positive test result can predict the likelihood of cancer.26,38 As research is within early stages, 
and estimates of positive predictive values may not be reliable, it is important to be cautious 
because low positive predictive values could lead to an increase in unnecessary follow-up 
tests and may not be suitable for general screening use.26 Furthermore, a limitation of tests 
that rely on ctDNA is that there may not be enough ctDNA to produce a strong detectable 
signal at early stages of many cancers, hence why both tests have reported varying test 
sensitivities at different stages of cancer.7,8,43 The reported sensitivity of these emerging 
technologies are lower than established screening tests.1 Authors of studies for both the 
Galleri and CancerSEEK tests have also acknowledged that sensitivity and specificity rates 
may be further reduced in settings where the majority of people are asymptomatic or not 
likely to have any clinical concerns.13,16

Complex Benefits and Harms of Screening
Screening is a complex health intervention that needs careful consideration of the breadth 
of potential benefits and harms for individuals and health systems.38 In particular, for multi-
cancer early detection technologies that examine the presence of multiple cancers (which are 
all unique conditions), a detailed review of these technologies requires a complex analysis of 
the benefits and harms for those multiple conditions.44

https://clinicaltrials.gov/ct2/show/study/NCT04213326
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One quantitative framework for assessing these technologies has proposed a model that 
incorporates the numbers of cancers detected along with the rates of follow-up testing, 
impact on clinical outcomes, and impact on mortality.44 These metrics are important because 
there may be an assumption that early detection will invariably lead to improved clinical 
outcomes.10 However, unless early detection is coupled with effective therapies or improved 
disease management, there is uncertainty about the additional benefit early detection can 
provide for all cancers.44-46 The first randomized controlled trial of the Galleri Test will help to 
better assess the longer-term clinical outcomes of screening in a real-world setting.47 Some 
researchers have advocated for the NHS-Galleri trial to assess the effect of multi-cancer early 
detection on all-cause mortality and that may be a more informative measure for clinical 
effectiveness.8,48

Another modelling study estimated that if multi-cancer early detection tests were made 
available in the US and the UK to people between the ages of 50 years and 79 years, the 
tests may help increase the rate of cancer detection by more than 50% when accompanied 
with routine screening programs.23 However, as with any screening program, it could lead 
to additional people undergoing unnecessary follow-up testing, overdiagnosis (detecting 
cancers that would not lead to harm), and psychological stress and anxiety about whether a 
person has cancer.7,26,45 Although existing research studies report the rates of false-positive 
results for the Galleri and CancerSEEK tests to be less than 1% (which is lower than other 
routine screening tests), at a population level for widely used tests, this rate could translate to 
thousands of people undergoing unnecessary follow-up tests.1,23 For routine cancer screening 
programs, there is mixed evidence about how false-positive results influence people’s 
participation in future screenings, which is also important to consider for multi-cancer early 
detection technologies.49,50

Disruptiveness to Health Systems
Multi-cancer early detection technologies operate within a different paradigm compared with 
the traditional model of screening a single cancer with a single test. Instead, they use a model 
of 1 test for multiple cancers and, if implemented, would require a substantially different 
approach to cancer screening because multiple health professionals would need to review 
the results and determine the appropriate follow-up investigations.1 If more cancer cases 
are detected, there are uncertainties and concerns about whether health systems would 
be able to cope with the need for additional tests, such as imaging and biopsies, to confirm 
diagnoses.46 Moreover, because the prevalence of individual cancers among a population 
of average-risk people is relatively low, health systems would need to consider the most-
appropriate eligibility criteria and testing frequency to minimize harms of testing.46 Finally, 
these genomic technologies rely on computational algorithms that use machine learning and 
artificial intelligence to determine the likelihood of cancer; therefore, ensuring that training 
and validation datasets are representative of diverse population groups is critical for health 
equity.51 Underrepresentation of certain groups of people is a known barrier within genomic 
medicine, and genetic tests intended for cancer screening should be assessed for their 
applicability to diverse groups, otherwise it could exacerbate disparities in health services.52
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Related Developments
The Galleri and CancerSEEK tests are further along the development cycle and have been 
assessed in more studies, but other liquid biopsy–based multi-cancer early detection 
technologies are also in development. Some of the identified experimental tests include 
PanSeer (Singlera Genomics Inc., US), CancerRadar (EarlyDiagnostics, US), and Adela (Adela 
Inc., US and Canada). All 3 of these tests use some form of methylation-based analysis and 
machine-learning algorithms to identify signals in blood for multiple cancers.53,54

Looking Ahead
Multi-cancer early detection technologies represent an emerging health technology that could 
disrupt traditional models of cancer screening. By potentially using a single, non-invasive, and 
relatively convenient blood test to assess the presence of multiple types of cancer, it may 
be possible to detect more cancers at an earlier stage when accompanied with established 
screening programs. However, the technology is in its initial stages of development, and the 
majority of research, largely funded by test developers, has described results of training and 
validation studies. A randomized controlled trial being conducting by the NHS in England in 
partnership with 1 test developer (GRAIL Inc.) will help inform the clinical effectiveness of the 
test to detect cancer in a real-world setting. It will also help reveal if and how the test could 
be used alongside routine screening programs, while taking into consideration issues related 
to feasibility, acceptability, and health system impact. Engaging people likely to undergo 
liquid biopsy–based screening, patients, caregivers, and people facing barriers to existing 
screening programs will be critical to understand issues related to implementation and health 
equity. Overall, screening is a complex health intervention that requires a detailed analysis 
of potential harms and benefits. Should health systems in Canada explore the role of the 
technology within cancer-control initiatives, a cautious approach that examines the full range 
of impacts on individuals and health systems and would be required.

https://singleraoncology.com/
https://earlydx.com/technologies/cancer-radar/
https://www.adelabio.com/
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