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Activity Overview 
Despite earlier detection and improved treatment, overall cancer deaths 
continue to escalate worldwide, and cancer remains the leading cause 
of death in the United States among those younger than 80 years. 
Considerable economic burden is associated with late-stage cancer as 
treatment costs can be up to twice those for early-stage disease. Only 
several cancers have guideline-recommended screening procedures; 
thus, many cancers are detected after symptoms appear and progress 
to late stages when treatment is more complex, and overall survival is 
reduced. Patient outcomes and overall economic and treatment burden 
may be significantly improved by earlier detection and diagnosis of 
cancer before it progresses. An array of technological advances in next-
generation sequencing holds promise for future effective, early detection 
cancer screening tests for multiple cancer types. This activity will provide 
managed care professionals with an overview of trial data related to 
screening tests under development with a discussion of the potential 
impact if such technologies are incorporated into screening.

Statement of Educational Need 
Cancer claims the lives of millions of individuals each year, with the 
number of cases continuing to rise, and imparts a significant personal 
and economic burden on patients, caregivers, and families. No accepted 
screening methods are currently available for most cancers, and some 
of the widely used screening methods that are available lack specificity 
and the ability to distinguish clinically insignificant cancers; this some-
times leads to false-positive results, overdiagnosis, and overtreatment. 
Better screening methods for early cancer detection have the potential to 
not only improve patient outcomes but lessen the economic burden on 
individuals and society. Several blood-based multicancer assays are in 

development and may address some of the limitations of current cancer 
screening methods. The accuracy, cost, and clinical implications of the 
tests in a real-world setting are crucial to assessing how valuable they will 
be in clinical practice. By using minimally invasive blood-based tests that 
identify multiple cancer types, healthcare providers have the opportunity 
to increase awareness and patient utilization of cancer screening. Earlier 
detection may ease the financial burden associated with a cancer diagnosis; 
it should also improve patient outcomes because cancer may be diagnosed 
earlier when there is a greater likelihood of achieving a cure or remis-
sion, particularly if new screening tests have high specificity for clinically 
significant cancers. Pharmacists often encourage the general population 
to receive recommended screenings and require continuing professional 
education to increase familiarity with the multicancer detection assays and 
consider clinical implications should these tests be adopted as a standard 
of practice. Managed care professionals need to understand the current 
gaps in cancer detection and the emerging early cancer detection tech-
nology in development with the potential to fill these gaps.

Educational Objectives
Upon completion of this activity, participants will be able to:

• Examine the health and economic burdens associated with early detec-
tion of cancer.

• Classify current recommendations for cancer screening and early 
detection.

• Analyze the recent and emerging published data associated with the 
novel multicancer detection blood tests.

• Explore the role of the managed care professional in integrating novel 
molecular diagnostic technologies for early cancer detection into treat-
ment pathways and guidelines.
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Introduction
Cancer is the primary cause of death in those younger than 80 years 

and is the second leading cause of death in the United States.1,2 Nearly 

1700 people are expected to die from cancer each day in the United 

States in 2020.3 The American Cancer Society (ACS) estimates the 

number of new cancer cases and cancer deaths in the United States 

each year, and the 2020 projections include just over 1.8 million new 

cancer cases and just over 600,000 cancer deaths.1 The Centers for 

Disease Control and Prevention (CDC) provided similar estimations 

for new cancer cases and cancer deaths.4 The efforts to increase aware-

ness of cancer, including prevention and screening, contributed to 

the decrease in the cancer mortality rate in the United States over 

the past 20 years.1,5 Notably, survival decreases significantly when 

cancer is detected at later stages. Even accounting for lead time bias 

(which occurs when patients live longer due to earlier detection) 

and length bias (which occurs when early detection tests prefer-

entially detect slower growing cancers, creating a false impression 

of longer survival) inherent to earlier detection of disease, there 

remains a significant opportunity to reduce the burden of cancer 

with effective early detection. The true benefit of early detection 

is only realized if effective early treatment produces better results 

for patients and must not be confused with these biases. There are 

currently no general population screening recommendations for 

many types of cancer, which reinforces the need to develop reliable 

methods for early detection for all types of cancer.5 

Cancer Burden 
According to the National Cancer Institute, the most common cancer 

in the United States is cancer of the breast, followed by lung.6 Table 

1 depicts a list of the top 10 cancers in the United States along with 

an estimate of new cases and deaths for these cancers in 2020.6

The number of cancer cases is expected to increase in 2020, with 

the distribution of increases across specific cancers varied between 

men and women. According to the CDC, melanoma is expected to 

increase in White men and women.4 It is also estimated that males 

will experience an increase in prostate, kidney, liver, and bladder 

cancers, whereas an increase in lung, breast, uterine, and thyroid 

Cancer affects millions of Americans, and the number of cases is 

steadily rising. The increase in diagnosis of cancer cases comes with an 

associated increase in personal and economic burden. Earlier detection 

can improve treatment outcomes and may reduce the burden of cancer. 

Screening for cervical cancer is a good example of the potential of 

effective screening methods to dramatically reduce the morbidity and 

mortality associated with cancer. However, many current screening 

methods have high false-positive rates, increasing the concern for 

overdiagnosis and overtreatment. Blood-based tests capable of detecting 

multiple types of cancer represent an emerging approach to early cancer 

detection. Although there are several single-cancer detection tests in 

development, multicancer screening tests have greater potential to allow 

for widespread screening in the general population. Three multicancer 

screening tests are being validated in ongoing clinical trials, including 

the CancerSEEK assay, the Galleri test, and the PanSeer assay, all of 

which show high specificity in preliminary findings. Further validation is 

required before multicancer detection tests are incorporated into general 

population cancer screening.

Am J Manag Care. 2020;26:S292-S299
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cancers is expected in females.4 Of the cancer cases expected to rise, 

only lung and breast have current screening recommendations for 

the general population.7 Although some screening methods are avail-

able for several other types of cancers, including ovarian, prostate, 

testicular, pancreatic, and thyroid, screening is not recommended 

in the general population unless there is presence of specific risk 

factors.7,8 The cancer mortality rate has steadily dropped since the 

1990s, which is mostly attributed to a decline in death from lung, 

prostate, breast, and colorectal cancers; mortality rates per 100,000 

people are expected to continue to decrease in these cancers in 

2020, as well as with cancer of the oral cavity, pharynx, and cervix.4 

Prevention strategies, such as human papillomavirus (HPV) vaccina-

tion, earlier detection of some cancers, declining tobacco use, and 

improvements in treatment of both early-stage and advanced cancers, 

may be contributing factors to the decline in cancer-related mortality.

Cancer detection at later stages may be associated with a reduc-

tion in survival. For example, when renal carcinoma is detected 

while still localized in the kidney, the 5-year survival is 93%, but 

that survival estimate decreases to 12% when the cancer has metas-

tasized.9 Similarly, the 5-year survival of female breast cancer drops 

from 99% when detected locally, to 27% when the cancer has metas-

tasized.9 In fact, most types of cancer have a 5-year survival rate of 

less than 30% when detected after the cancer metastasized.9 The 

potential for improvements in early detection of cancer to alter 

mortality was examined in a retrospective analysis using data from 

the Surveillance, Epidemiology, and End Results (SEER) program.10 

The population included men and women aged 50 to 79 years diag-

nosed with 17 different cancer types at various stages. Of the cancers 

diagnosed at the advanced or metastatic stage, lung, colorectal, non-

Hodgkin lymphoma, pancreatic, and oral cavity cancers were most 

common. Lung and colorectal cancers specifically were the largest 

contributors to absolute cancer-related deaths when diagnosed 

at stage IV; however, overall cancer burden was increased by any 

cancer diagnosed at stage IV. Based on a hypothetical cohort, the 

researchers estimated that if all cancers diagnosed at stage IV were 

discovered at stage III over a 5-year time period, there would be 51 

fewer cancer-related deaths per 100,000 people. When detecting 

cancer at any stage prior to stage IV, there would be an estimated 

15% reduction in all cancer-related deaths within 5 years. Although 

this was a retrospective analysis, there appears to be a clear oppor-

tunity for reduction in the burden of cancer with earlier detection; 

with more research, earlier detection may also lead to reductions 

in cancer-related deaths.10

Economic Impact of Cancer 
In addition to the mortality risk associated with a diagnosis of 

cancer, there are significant economic implications. Economic 

burden is evaluated by assessing both direct (eg, hospitalization, 

office visits, emergency department visits, treatment) and indirect 

costs (eg, time lost) associated with a diagnosis of cancer.11 The 

total direct cost of cancer care in the United States in 2015 was esti-

mated to be $80.2 billion.3 Of that, over half (52%) of the costs were 

for outpatient or doctor office visits, while 38% were for inpatient 

hospital stays.3 Direct costs vary widely depending on the type of 

cancer that is diagnosed. For example, breast cancer in the United 

States was associated with a total annual cost of $16.5 billion, and 

prostate cancer had a total annual cost of $11.9 billion in 2010; these 

annual costs for breast cancer and prostate cancer are projected to 

increase 32% (≈$22 billion) and 42% (≈$17 billion), respectively by 

2020.11 Treatment costs, especially newer, more expensive targeted 

therapies, may increase direct costs associated with cancer.6,11

In addition to a portion of the direct costs, patients and care-

givers may be responsible for indirect costs, which may include 

the following: 

• Time required for receiving medical care

• Morbidity (time lost from work or other activities)

• Lost productivity (missed days of work and/or early mortality)

Indirect costs are not always associated with direct payment (eg, 

fee-for-service); costs are estimated based on various models that 

assign a monetary value to time spent or time lost due to cancer.11,12 

A study analyzing cancer deaths, median incomes, and life expectancy 

in 2015 demonstrated the enormous impact cancer has on the US 

economy.12 An estimated $94.4 billion (95% CI, $91.7 billion - $97.3 

billion) was lost in overall earnings (productivity) due to cancer, 

with an average lost earnings per cancer death of $191,900.12 Lung 

cancer accounted for the highest amount of lost earnings, totaling 

$21.3 billion. Colorectal cancer was second highest at $9.4 billion, 

with breast and pancreatic cancers following at approximately 

$6 billion each in lost earnings.12 Considering the majority of the 

TABLE 1. Most Common Types of Cancer in the United States6

Common types of cancer
Estimated new 

cases 2020
Estimated 

deaths 2020

1. Breast cancer (female) 276,480 42,170

2. Lung and bronchus cancer 228,820 135,720

3. Prostate cancer 191,930 33,330

4. Colorectal cancer 147,950 53,200

5. Melanoma of the skin 100,350 6850

6. Bladder cancer 81,400 17,980

7. Non-hodgkin lymphoma 77,240 19,940

8. Kidney and renal pelvis 
cancer

73,750 14,830

9. Uterine cancer 65,620 12,590

10. Leukemia 60,530 23,100

Cancer of any site 1,806,590 606,520
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working-age population in the United States have employer-based 

health insurance, it is difficult to fully account for direct and indi-

rect costs associated with cancer.11 Patients and caregivers may lose 

health insurance coverage during the treatment of cancer due to 

limited opportunities for employment. Even with health insur-

ance, high out-of-pocket costs may impact patient decisions to 

pursue further care and lead to delays in diagnosis and treatment.11 

Although these estimates provide some guidance, it is important 

to consider that the actual impact of cancer on individuals and 

society is likely even greater.

Current Cancer Screening Recommendations
In the United States, most cancers lack widely accepted or guide-

line-recommended screening methods. The National Cancer 

Comprehensive Network (NCCN) and the US Preventive Services 

Task Force (USPSTF) recommend routine screening for breast, cervical, 

colorectal, and lung cancers in specific subsets of the population.7,13-17 

Table 25,7,13-15,17,18 depicts the most commonly used screening methods 

for each of these cancers, including the advantages and disadvan-

tages of the associated test.5,7,13-17 Available cancer screening tests have 

multiple advantages, but some limitations, such as ability to screen 

for only 1 cancer organ of origin at a time, limited specificity and/or 

sensitivity, and, for some tests, complexity and burden of testing.5 

Sensitivity is defined as the test’s ability to correctly classify the 

patient as diseased, or the probability of a patient testing positive 

when disease is present.19 Specificity is defined as the test’s ability 

to correctly classify the patient as disease free, or the probability of a 

patient testing negative when there is no disease present.19 Screening 

tests that lack specificity can lead to false-positive results and unnec-

essary evaluations for confirmatory testing. A lack of sensitivity can 

lead to incomplete early detection of clinically significant cancers. 

Lack of ability to distinguish between clinically significant and 

clinically insignificant cancers can result in overdiagnosis and over-

treatment. Breast, cervical, and colorectal cancers have established 

screening recommendations for the general population regardless 

of risk factors, whereas lung cancer screening is recommended 

in patients with specific risk factors, which include smoking.7,13-17 

Breast Cancer
Mammography is the primary method of breast cancer screening 

and is recommended by the NCCN guidelines annually for average-

risk women starting at age 40 years, or by the USPSTF biennially 

for average-risk women starting at age 50 years.7,13 Additionally, the 

ACS recommendations endorse annual screening starting at age 45 

years. Individuals at higher risk have more specific recommenda-

tions regarding the age at which screening should begin and how 

frequently the mammograms should be offered. Screening with 

mammography has been shown to decrease mortality; however, 

there is decreased sensitivity in women with dense breasts as well 

as limited specificity resulting in frequent false-positive results 

requiring further confirmatory testing.13

Cervical Cancer
Cervical cytology, or Papanicolaou (PAP) test, is recommended every 

3 years in average-risk women aged 21 to 29 years by the USPSTF.7 

From age 30 to 65 years, average-risk women should either have 

a PAP test every 3 years or have a PAP test plus high-risk human 

papillomavirus (hrHPV) every 5 years. Although hrHPV or a PAP test 

may be used alone from ages 30 to 65 years, co-testing is preferred. 

Routine screening is not recommended after a hysterectomy or after 

the age of 65 years if the woman has had 10 years of regular screening 

with normal results.7 The 2012 ACS guidelines were endorsed by the 

NCCN; however, the ACS recently published guideline updates in 

2020 recommending screening begin at age 25 years rather than age 

21.17 Unlike the 2012 ACS guidelines where the PAP test was preferred, 

the 2020 ACS guidelines recommend primary HPV testing every 

5 years through age 65.16,17 If primary HPV testing is unavailable, then 

co-testing with HPV and cytology every 5 years or a PAP test every 

3 years is acceptable. Additionally, HPV vaccination may decrease 

the efficiency of screening, specifically cytology-based screenings, 

yet there are currently no modifications of screening recommended 

if a patient has been vaccinated in the past.16,17 

Colorectal Cancer
Many options for screening colorectal cancer exist, including 

colonoscopy, flexible sigmoidoscopy, computed tomography (CT) 

colonography, and stool-based testing.14 Stool-based testing includes 

high-sensitivity guaiac- or immunochemical-based testing as well 

as multitarget stool DNA and occult blood testing (mt-sDNA).14 

Screening should start at 50 years of age for average-risk men and 

women, according to the NCCN and at age 45 years according to 

the ACS. In the fall of 2020, the USPSTF circulated a draft guideline 

that calls for screening to start at age 45 years rather than the previ-

ously recommended age 50 years.7,14,18 The frequency of screening 

varies greatly depending on the type of test and patient-specific 

risk factors. There are many considerations when comparing the 

various colorectal cancer screening methods (see Table 25,7,13-15,17,18). 

Colonoscopies are arguably the most invasive cancer screening 

method, yet they are the most common method of screening in the 

United States, in part because they allow for immediate removal of 

suspicious lesions. Conversely, stool-based testing is noninvasive 

and can conveniently be done at home; however, fecal occult blood 

tests have high false-positive rates and may lead to unnecessary 

follow-up procedures.15 

Lung Cancer
Screening for lung cancer is done in patients who have a history 

of smoking with or without other risk factors for lung cancer, but 
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is not recommended for an asymptomatic person of average risk.15 

Low-dose CT (LDCT) scans utilized for qualifying patients based 

on risk factors are typically recommended annually, but may be 

done more frequently depending on the results of the first scan.7,15 

The USPSTF recommends screening in patients with a history of 

smoking of 30 pack-years; however, the NCCN screening guidelines 

include several additional risk factors, including, but not limited 

to second-hand smoke exposure, radon or occupational exposure, 

and cancer history.7,15 LDCT scans are currently the only screening 

modality recommended and have an advantage of a reduced expo-

sure to radiation compared with standard diagnostic CT. They are 

more efficacious in detecting adenocarcinoma and squamous cell 

carcinoma compared with chest x-rays.15 

Prostate Cancer
The diagnosis of prostate cancer does not always require treatment; 

thus, early detection of prostate cancer may lead to overdiagnosis, 

unnecessary treatment, patient anxiety, and avoidable costs.20 NCCN 

TABLE 2. Select Cancer Screening Recommendations5,7,13-15,17,18 

Cancer type Method of screening Age screening begins Advantages Disadvantages

Breast Mammography

USPSTF:
50 years old

NCCN:
40 years old

• Widely used
• Detects early- 

stage cancer

• Cost
• Radiation exposure
• Dense breasts 

decrease sensitivity

Cervical 

Cervical cytology (PAP test)

USPSTF: 
21 years old

ACS:
25 years old

• Widely used • Cost
• HPV vaccination decreases 

screening efficiency

High-risk human 
papillomavirus (hrHPV)

USPSTF:
30 years old (typically 

recommended in 
combination with 

PAP test)
ACS: 

25 years old

• Detects HPV directly 
(2020 ACS update prefers 
primary HPV testing over 
cytology testing)

• Non-specific
• HPV vaccination may decrease 

screening efficiency

Colorectal 

Colonoscopy

USPSTF and NCCN:
50 years old; 2020 

USPSTF draft guideline 
proposes change to  

45 years old

• Entire colon screened
• Combined treatment 

and screening
• High sensitivity

• Cost
• Bowel preparation
• Invasive
• Subjective results

Fecal occult blood testing
• Reduces cancer mortality
• Low cost

• High frequency of testing
• Further tests required if positive
• High false-positive rate

Stool-based: high-
sensitivity guaiac-based and 

immunochemical-based 
testing and multitarget 

stool DNA and occult blood 
testing (mt-sDNA)

• Non-invasive
• At-home test
• More accurate than 

blood test

• Ideal frequency unclear

Flexible sigmoidoscopy

• Combined treatment 
and  screening

• High sensitivity
• Reduces cancer mortality

• Only distal colon

Computed tomography 
colonography

• Entire colon screened • Low sensitivity
• Radiation exposure
• Further tests required if positive

Lung 
Low-dose 

computed tomography 
Dependent on 

risk factors

• High sensitivity • Cost
• Only test currently recommended
• Radiation exposure

ACS, American Cancer Society; HPV, human papillomavirus; NCCN, National Comprehensive Cancer Network; PAP, Papanicolaou; USPSTF, US Preventive Services 
Task Force.
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guidelines have a grade C recommendation for early detection of 

prostate cancer: with early detection offered only when patients fully 

understand benefits and the risks of participating, which is similar 

to the USPSTF recommendations.20 Prostate-specific antigen (PSA) 

is one method of detection and is measured in a blood test, while 

a digital rectal exam (DRE) is a physical exam that may be used in 

conjunction with the PSA level.20 Unfortunately, PSA is not a cancer-

specific marker and instead is a prostate-specific marker. It may be 

elevated for a variety of reasons not linked to prostate cancer, such 

as infection, trauma, or ejaculation. Utilizing PSA testing has led 

to an increase in detection of early-stage disease and a decrease 

in detecting metastatic disease at diagnosis.20 DRE tests are only 

considered in conjunction with PSA levels due to poor positive 

predictive value and to avoid unnecessary biopsies.20 Neither ideal 

age nor frequency of screening for prostate cancer is established, 

nor are there clear universally agreed-upon recommendations for 

screening based on risk factors for prostate cancer. 

Emerging Multicancer Detection Technology
Current screening methods assess for one cancer at a time, and many 

cancers currently do not have a viable option for early detection in 

the general population. The multicancer screening concept relies on 

a blood analysis designed to detect hallmarks of multiple cancers 

and may have the potential to be applied to cancer screening and 

early detection.21,22 Compared with a tissue biopsy, blood-based tests, 

also referred to as liquid biopsies, can examine multiple analytes 

in the blood, including DNA mutations, DNA methylation (gene 

silencing markers), and proteins. Circulating cell-free DNA (cfDNA) 

is used in many blood-based assays because it is DNA released by 

a cell during apoptosis. The cfDNA can be analyzed for mutations 

and other alterations specific to cancer and methylation patterns 

specific to the tissue of origin.21 Blood-based liquid biopsies can 

detect multiple cancers with one test, and are minimally invasive—

two advantages over standard tissue biopsies. 

Tests that address multiple cancers simultaneously have the 

potential to extend early detection to a broader spectrum of malig-

nancies. The ideal cancer screening test would detect cancer 

before symptoms develop. The test would have a high sensitivity 

(low false-negative rate) and high specificity (low false-positive 

rate), the ability to detect clinically significant cancers and avoid 

the detection of insignificant cancers, the ability to pinpoint the 

specific cancer type, be noninvasive and introduce low harm, be 

easily accessible and cost-effective.5 

CancerSEEK Test
CancerSEEK is a blood test that detects cfDNA and also identifies 

several protein biomarkers that are released by tumors.21 The test 

aims to detect multiple types of cancer by combining the detection 

of cfDNA and protein biomarkers. The assay identifies 8 protein 

biomarkers, which were chosen by researchers based on their ability 

to distinguish between patients with and without cancer, as shown 

in previous literature. The assay also identifies cancer via mutations 

in 1933 genomic positions, and each genomic position has multiple 

mutation possibilities, such as substitutions, insertions, or dele-

tions. Preliminary performance of the test was evaluated in a trial 

of approximately 1000 patients with a cancer diagnosis who were 

compared with approximately 800 patients without cancer (Table 

3).23,24 The specificity of the test was over 99% in 8 cancer types: 

ovarian, liver, stomach, pancreatic, esophageal, colorectal, breast, 

and lung.21 Although the false-positive rate was low in the trial, it 

would be expected to be higher in the real-world setting when the 

test is applied to a healthy population without known cancer.21 The 

performance of such tests with respect to false-positive and false-

negative rates is dependent on the test’s inherent characteristics as 

well as the prevalence of cancer in the population evaluated with 

the test. Findings show that sensitivity ranged from approximately 

98% in ovarian and liver cancer and 33% in breast cancer, with a 

sensitivity of about 70% for the remaining cancers.21 The tissue of 

origin was correctly identified in approximately 80% of patients.21 

The Detecting cancers Earlier Through elective mutation-based 

blood Collection and Testing (DETECT-A) trial is a prospective, 

interventional trial that enrolled 10,006 women aged 65 to 75 

years with no history of cancer.23 Positron emission tomography-

computed tomography (PET-CT) was used to evaluate a positive test 

result. Of the 9911 participants evaluated, cancer was detected in 26 

participants by the blood test, including cancers without current 

screening recommendations.23 Of the 26 women with cancer, 17 

had early-stage cancer and 14 were in organs in which there are 

TABLE 3. CancerSEEK Trials Summary23,24

Trial name Status Estimated completion Trial design Purpose Participants

DETECT-Aa Complete --
Prospective, 

interventional
Identify multiple 

cancer types using test
10,006 women 65-75 years old 

with no history of cancer

ASCEND Recruiting
June
 2020

Prospective, 
observational, 

cohort
Validate test

Estimated 3000 participants 
≥50 years; 1000 with a cancer 

diagnosis and 2000 with no prior 
history of cancer in the United States

aTrial is not registered on clinicaltrials.gov; publication results used for summary.
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currently no screening methods available, such as ovaries, kidney, 

and the lymphatic system.23 The specificity during this trial was 

estimated to be 98.9%, which increased to 99.6% when done in 

combination with the PET-CT.23 There were 24 false negatives, and 

the cancers that were missed by this blood test were breast, lung, 

and colorectal, of which 22 were early-stage cancers and have 

other screening methods.23 This blood test is also being studied 

in the Detecting Cancers Earlier Through Elective Plasma-based 

CancerSEEK Testing - Ascertaining Serial Cancer Patients to Enable 

New Diagnostic (ASCEND) trial to compare patients with and without 

cancer. Accrual was completed in June 2020; results are awaited.24 

Galleri Test 
The Galleri multicancer early detection (MCED) test identifies 

cfDNA circulating in the blood through next-generation sequencing, 

which recognizes DNA methylation.25 The test aims to identify 

distinct methylation patterns that are associated with specific 

cancers to detect a number of those cancers early and simultane-

ously provide information about the organ of origin.25 Four trials 

are evaluating this technology, including the Circulating Cell-free 

Genome Atlas (CCGA), STRIVE, SUMMIT, and PATHFINDER studies 

(Table 4).26-29 The CCGA study served in the initial development of 

the test by analyzing blood and tumor tissue samples from 15,254 

individuals from 142 sites in North America, including patients with 

newly diagnosed cancer (56%, N = 8584) and blood samples from 

patients without a diagnosis of cancer (44%, N = 6670). More than 50 

different cancer types were included in the samples analyzed. The 

trial includes 3 subsets to evaluate the different analytic methods 

of MCED, the test’s ability to correctly identify the tissue of origin, 

and a confirmatory validation. Subsets 1 and 2 of the study have 

been completed with the third, a validation study, ongoing.26 The 

preliminary trial results for the CCGA were presented at the 2019 

American Society of Clinical Oncology (ASCO) meeting.25 The trial 

included a sub-study of 6689 participants, of which 2482 had 

previously untreated cancer, and included 4207 without cancer.25 

The preliminary results showed that the MCED test could detect 

12 types of cancer at early stages, including anorectal, colorectal, 

esophageal, gastric, head and neck, hormone receptor-positive 

breast, liver, lung, ovarian, and pancreatic cancers, in addition to 

multiple myeloma and lymphoid neoplasms. These 12 cancers are 

expected to account for over half of cancer deaths in the United 

States.6 The specificity was set at 99.3%, and tissue of origin was 

correctly identified with 93% accuracy. The test had a 67.3% (95% 

CI, 60.7%-73.3%) detection rate for the 12 prespecified cancer types 

across stages I to III, including 39% for stage I, 69% for stage II, and 

83% for stage III. The overall detection rate for all cancer types was 

43.9% (95% CI, 39.4%-48.5%) across stages I to III.25

The STRIVE trial is ongoing and seeks to investigate and vali-

date the ability of the MCED test to detect breast cancer (and other 

cancers) that might occur within 1 year by collecting blood samples 

from patients within 28 days of a screening mammogram.27 The 

study aims to enroll about 100,000 women aged 18 years and older 

in the United States. The estimated primary completion date is 

June 2022. Another trial currently underway is the SUMMIT study, 

which is similar in design to the STRIVE trial, but investigating lung 

cancer detection in the United Kingdom.28 The study aims to enroll 

50,000 men and women aged 50 to 77 years who will be split into 2 

groups based on the risk of lung cancer related to smoking history. 

Blood will be collected and an LDCT will be performed to validate 

the early lung cancer detection.28 The primary completion date is 

estimated for August 2023. Finally, the PATHFINDER trial is the 

first to prospectively examine the application of the MCED test in 

TABLE 4. Galleri Test Trials Summary26-29

Trial name Status
Estimated 

completion Trial design Purpose Participants

CCGA
Active, not 
recruiting

March 2024
Prospective, 

observational, 
longitudinal

Characterize the cfDNA in 
the blood of patients with 

cancer and without cancer

15,254 participants ≥20 years across 
141 sites in the United States and 

Canada

STRIVE
Active, not 
recruiting

May 2025
Prospective, 

observational, 
longitudinal, cohort

Validate the test for early 
detection of cancer

99,481 women ≥18 years at time 
of mammogram screening across 

35 sites in the United States

SUMMIT
Enrolling by 

invitation
August 2030

Prospective, 
observational, 

longitudinal, cohort

Validate the test by 
measuring cancer 

incidence

Estimated 50,000 participants 50-77 
years without a cancer diagnosis, 
but with variable risks for cancer 

(specifically lung) at enrollment from 
London, United Kingdom

PATHFINDER Recruiting January 2022
Prospective clinical 

trial cohort
Evaluate implementation 
of test in clinical practice

Estimated 6200 participants ≥50 years, 
split into elevated risk group and 

nonelevated risk group

CCGA, Circulating Cell-free Genome Atlas; cfDNA, circulating cell-free DNA.
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a real-world, early detection setting where test results are returned 

to participants and their physicians.29 It is recruiting approximately 

6200 participants 50 years or older with varying levels of cancer 

risk and without a focus on any single cancer. The 2 cohorts in the 

study include elevated risk (defined as 1 of the following: smoking 

history of ≥100 cigarettes, a genetic cancer disposition, or a history 

of invasive or hematologic malignancy with definitive treatment 

completed >3 years prior to enrollment) and non-elevated risk. 

The results of the test will be returned to healthcare providers as 

“signal not detected” or “signal detected” and trigger a diagnostic 

evaluation based on specific institutional practice rather than 

study protocol. The study seeks to determine the performance of 

the MCED test in a setting that resembles routine testing of healthy 

individuals. It also aims to define what evaluations are needed to 

arrive at a diagnostic resolution after a “signal detected” result 

(cancer that is either diagnosed or ruled out). The study will evaluate 

health resource utilization, the number and types of tests and time 

required to reach diagnostic resolution as well as test performance 

(specificity, positive predictive value, and tissue of origin accuracy). 

Several patient-specific factors will be assessed, including quality 

of life, anxiety, perception, and satisfaction with the test.29,30 The 

PATHFINDER trial will evaluate experience in the context of a 

broad healthy population, including clinical evaluations and the 

patient experience. If successful, the experience of PATHFINDER 

will be helpful in defining the potential application of MCED for 

the general population and early detection of a variety of cancers. 

The trial has an estimated primary completion date of May 2021.29  

PanSeer Test 
The PanSeer test detects DNA methylation patterns linked to gene 

silencing that may contribute to cancer development. Of note, the 

test is designed to identify cancer in asymptomatic individuals and 

is unlikely to predict who will develop cancer if not present at the 

time of screening.31 The longitudinal study evaluating this test used 

plasma samples from the Taizhou Longitudinal Study (TZL). In the 

TZL, 123,115 healthy subjects in China aged 25 to 90 years provided 

plasma samples. The subjects were monitored over 10 years for 

cancer, among other chronic conditions and specific diseases, at 

3-year intervals via detailed questionnaires and additional plasma 

and tissue samples.32 The preliminary results of the test included an 

evaluation of approximately 400 blood samples from cancer-free 

participants and 400 blood samples from participants who were 

diagnosed with cancer within 4 years of enrollment.31 The cancers 

included were stomach, colorectal, liver, lung, and esophageal. The 

test showed a specificity of 96% in patients after being diagnosed 

with 1 of 5 types of cancer, and the test detected cancer in 95% of 

asymptomatic participants who were then diagnosed later.31 One of 

the limitations of the test is it does not detect the tissue of origin; 

it detects abnormalities that need further workup to determine the 

exact location of the cancer. However, if validated, this test could 

be used as a first step in screening, meaning a positive result will 

prompt further diagnostic testing to localize the suspected cancer.31 

Emerging Single-Cancer Detection Technologies
Several single-cancer detection methods are under investigation. 

One of the tests that has entered validation is a multiomics test for 

colorectal cancer.33 The single-cancer detection (SCED) blood test is 

a multiomic blood test of cfDNA and protein biomarkers to detect 

early cancer.33 The results from the AI-EMERGE trial were presented at 

the ASCO Gastrointestinal Cancers Symposium in January 2020.33 By 

comparing blood and stool samples between healthy patients under-

going routine colonoscopies and patients diagnosed with colorectal 

cancer, the researchers concluded the test has a 94% sensitivity and 

specificity rate for stage I and II colorectal cancer and a sensitivity 

of 91% and specificity of 94% in stage III and IV colorectal cancer.33

Providing a stool sample was optional, and only about half of 

participants chose to do so, which underscores the known hesi-

tation of patients to undergo colorectal cancer screening in this 

manner.33 The specificity for the SCED blood test was similar to 

the fecal immunochemical (FIT) test, yet the sensitivity was much 

higher at 100% versus 67% for the FIT.33

A second trial, PREEMPT CRC, is expected to further validate 

the specificity and sensitivity of the assay by comparing the results 

from the SCED blood test to routine colonoscopy results in average-

risk participants.34 The prospective, observational trial will enroll 

around 14,000 participants and has an expected completion date 

of July 2021.34

Conclusions
With cancer cases on the rise, effective screening methods and novel 

modalities are needed. Cancer screening in the general population 

is recommended for a small number of cancers, including breast, 

cervical, and colorectal cancers. Multicancer detection blood tests 

in development are designed to address many of the limitations 

associated with current screening methods. Further validation 

through prospective clinical trials is underway, and if validated, 

blood-based assays may allow for minimally invasive early detec-

tion of multiple cancers, including neoplasms that currently are 

not detected early because of a lack of effective screening tests. It 

remains to be determined how MCED tests might be used in prac-

tice. One can envision periodic blood-based testing, for example, 

annually or every several years. Tests with robust organ of origin 

information may permit a specific diagnostic evaluation to confirm 

or rule out the suggested cancer in individual patients. n
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Introduction
More than 1.8 million cases of cancer are projected to be diagnosed 

in 2020, and 606,520 individuals are projected to die from the 

disease, making it the second leading cause of death in the United 

States.1 However, there has been a significant decline in the rate 

of cancer deaths in the United States since 1991, primarily due to 

smoking-cessation efforts, earlier detection, and improved treat-

ments.1 Between 1991 and 2017, the death rate from cancer fell 29%, 

resulting in 2.9 million fewer deaths. At the same time, the 5-year 

survival rate for all cancers combined has continued to increase, 

rising from 49% in 1975 to 69% in 2015 among all races and from 

39% to 64% among African Americans.2   

Cancer exerts a significant economic burden on the US health-

care system, with estimated medical costs in 2020 expected to 

reach $157.7 billion, a 27% increase from 2010 costs.3 Annual mean 

costs (direct payments and patient out-of-pocket costs) for those 

aged 18 years and older with cancer in 2014 dollars were described 

as $16,346 compared with $4484 for those without cancer, with 

private insurance and Medicare being the 2 largest payers of cancer 

care. Hospital expenses accounted for 27%, ambulatory care visits 

for 41%, and prescription drug expenses for 21%.4 The National 

Cancer Institute reports the national economic burden, defined as 

patient and payer medical costs for cancer (excluding oral drugs) 

in 2018 at $150.8 billion.5

Cancer has a significant impact on the financial health of patients 

and their families. Today, the estimated 16.1 million individuals 

living with cancer face annual out-of-pocket medical expenditures 

61% higher than those without cancer ($1000 vs $622). About 1 in 

4 report problems paying bills, and one-third worry about paying 

bills.6 A 2017 systematic review of 45 studies found that 12% to 16% 

of those with cancer were in debt due to their treatment, about half 

reported some level of financial distress, and between 4% and 45% 

were nonadherent with medication because of cost.7 Cancer also 

has significant indirect costs related to lost income. An analysis of 

492,146 cancer deaths in persons aged 16 to 84 years in the United 

States in 2015 found $94.4 billion in lost earnings, with average 

loss of $191,900,8 which likely underestimated productivity loss.  

Despite significant improvements in mortality over the past 20 years, 

cancer remains the second leading cause of death in the United States. 

One reason for the improvement in mortality is screening for several 

common cancers in people at average risk for breast, cervical, colorectal, 

and prostate cancers, and screening for lung cancer in those with a 

20-plus pack-year history. Such screening may result in earlier diagnosis 

when the cancer is most likely to respond to treatment. However, there 

are no population-based screening recommendations for the majority of 

cancers in average-risk patients, most of which are not diagnosed until 

the later stages. One question is whether earlier diagnosis could not only 

reduce mortality rates but also reduce medical costs. Screening comes 

with several potential risks, including false positives and overdiagnosis, 

both of which can affect patients’ mental health, increase morbidity and 

mortality, and lead to excess spending. Additionally, certain cancers can 

evade traditional screening tests and lead to false-negative results, which 

delays cancer detection, treatment, and may affect treatment efficacy. 

The advent of liquid biopsy tests that could screen for dozens of cancers 

holds promise for identifying more cancers early. However, the cost, the 

potential for overdiagnosis and false positives, and a lack of evidence 

demonstrating clinical utility or an improvement in health outcomes call 

into question their potential use for widespread screening. Government 

and managed care organizations will need to consider the risks and 

benefits of these assays in determining coverage. 
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Preventive Care and Early Cancer Detection
Five-year survival rates for cancer are significantly higher for those 

diagnosed in earlier stages (Table 11). The 5-year survival rate for 

patients diagnosed with metastatic lung cancer is 5% versus 57% 

for those diagnosed with localized disease, a mortality rate that can 

be significantly improved with low-dose computed tomography 

(LDCT) screening in current or former smokers.1 

Clarke et al examined the potential reductions in cancer-related 

deaths if malignancies diagnosed after metastasis were, instead, diag-

nosed at earlier stages. Although stage IV cancers represented 18% 

of all diagnoses, they accounted for 48% of all cancer-related deaths 

within 5 years.9 The researchers found that if these patients had been 

diagnosed at stage III, there would have been 51 fewer cancer-related 

deaths per 100,000 (or 15% of all cancer-related deaths). If one-third 

of metastatic cancers were diagnosed at stage III, one-third at stage 

II, and one-third at stage I, there would be 81 fewer cancer-related 

deaths per 100,000 (or 24% fewer cancer-related deaths).9 

Early diagnosis can reduce the cost of treatment. One study 

estimated the national cost-savings in the United States from early 

diagnosis at $26 billion per year.10 Studies in other industrialized 

countries find treatment costs for patients diagnosed early in the 

disease course to be 2 to 4 times less than those diagnosed at later 

stages.11 Earlier diagnosis may also reduce the financial impact on 

the patient and their family given shorter treatment courses, which 

can allow patients to continue working and therefore incur fewer 

expenses related to therapies.11

Barriers to Early Detection of Cancer
There are numerous barriers to the early detection of cancer, both 

medical and socioeconomic, including:

• Lack of symptoms. Liver, pancreatic, and ovarian cancers 

are typically diagnosed late in the disease course because they 

rarely present with symptoms early within the disease course.2

• Awareness. Individuals may not be aware of the signs and symp-

toms of cancer or assume they are part of some other condition.11

• Access. Lack of access to screening and diagnostic testing 

can delay early diagnosis and treatment.11

• Financial. Those who are uninsured or underinsured, or 

who have low socioeconomic status, may be less likely to 

obtain screening or early diagnosis.12

• Fear. This includes fear of learning about the cancer as well 

as fear of its treatments.12

• Human nature. Many young people feel invincible and 

healthy and reject the need for screening. Yet, among adults 

younger than 50 years, rates of cancer linked to obesity are 

rising. Millennials born around 1985 are now twice as likely 

to develop 1 of 6 obesity-linked cancers as baby boomers 

born around 1950 were at the same age.13

• Weak referral systems. Many people present with early-stage 

symptoms to their primary care provider.14,15 The clinician 

may not recognize the symptoms or may not have access to 

a robust referral network.12,15

TABLE 1. Five-Year Relative Survival Rates for Selected Cancers by Stage at Diagnosis, United States, 2009-20151

Localized Regional Distant All stages 

Colorectum 90% 71% 14% 64%

Esophagus 47% 25% 5% 20%

Female breast 99% 86% 27% 90%

Kidney & renal pelvis 93% 70% 12% 75%

Liver & intrahepatic bile duct 33% 11% 2% 18%

Lung & bronchus 57% 31% 5% 19%

Melanoma of the skin 99% 65% 25% 92%

Non-Hodgkin lymphoma 84% 75% 65% 72%

Oral cavity & pharynx 84% 66% 39% 65%

Ovary 92% 75% 29% 48%

Pancreas 37% 12% 3% 9%

Prostate >99% >99% 31% 98%

Uterine bladder 70% 36% 5% 77%

Uterine cervix 92% 56% 17% 66%

Uterine corpus 95% 69% 16% 81%

Adapted from Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 2020;70(1):7-30.10.3322/caac.21590
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• Lack of confidence in healthcare providers. This is particu-

larly evident in Black women given the history of the medical 

establishment and the African American community (eg, 

Tuskegee syphilis study) and discrimination and racism in 

the healthcare system.12 

Overcoming barriers to early cancer detection requires additional 

training of healthcare professionals, greater public awareness of 

the availability of screening and the signs and symptoms of cancer, 

and access to affordable specialty care.11 It also requires realign-

ment of the payment structure to provide financial incentives 

that prioritize screening. For instance, short-term plans without 

preventive service benefits or coverage that requires patients to 

pay out of pocket if a screening becomes diagnostic provides nega-

tive financial incentives for screening.16,17 Patients may incur high 

out-of-pocket costs, which can be become a deterrent to screening. 

Screening for Cancer
One of the most effective ways to identify early-stage cancers is by 

screening asymptomatic individuals.18 Current guidelines from 

the American Cancer Society and the US Preventive Services Task 

Force (USPSTF) recommend age- and population-based screening 

for 4 cancers: cervical, colorectal, breast, and prostate19,20 as well 

as screening current and former heavy smokers for lung cancer. In 

addition, those with hepatitis B or C infection and cirrhosis should 

be screened for hepatocellular cancer.21

Several considerations go into any recommendation for wide-

scale screening, with one of the most important being the ability of 

screening to impact the disease itself. Cochrane and Holland, who 

wrote a seminal paper on screening in 1971, identified 3 categories 

for screening: (1) those who are considered scientifically and finan-

cially acceptable, (2) those for whom there is insufficient evidence 

to justify their routine use at present, and (3) those for whom there is 

possibly some benefit, at considerable cost, for relatively few people.22

The USPSTF considers several areas before recommending 

disease screening in a given population23:

• Evidence related to benefits and harms from randomized 

clinical trials and observational studies

• Whether benefits outweigh harms and, if so, by how much 

and in which populations

• The degree of certainty the evidence provides for both 

benefits and harms

• Ages and other risk factors needed to specify when to begin and 

when to stop offering the service and in which populations

Trends in Cancer Screening in the United States
The Healthy People 2020 goals for cancer screening for eligible indi-

viduals in the United States based on guideline recommendations 

are 93% for cervical screening, 81.1% for mammograms, and 70.5% 

for colorectal cancer.24,25 However, despite national recommenda-

tions for such screenings, as well as the elimination of out-of-pocket 

costs for Medicare beneficiaries and most patients with other health 

insurance, screening rates in the United States remain below that 

goal.24,26-28 In 2015, just 50.5% of women aged 50 to 64 years reported 

having a recent mammogram, and 63.4% of those aged 50 to 75 

years reported having a recent colorectal screening test.24 In addi-

tion, the rate of mammograms between 2000 and 2015 declined by 

3%. Among men aged 50 to 75 years, 61.9% reported having a recent 

colorectal cancer screening test.24 In 2018, 68.8% of US adults aged 

50 to 75 years were up-to-date with colorectal screening, although 

the rate was far lower among those with no health insurance (40.1%) 

or without a regular healthcare provider (36.1%).28

At the same time, however, screening may be overdone. Results 

of 2 recent studies found a significant number of patients who did 

not meet the USPSTF criteria for LDCT lung cancer screening still 

received the test.29,30 Results of studies also find unnecessary cervical 

cancer screening, including too-frequent screening, screening 

outside the age range, and screening after hysterectomy.31 A review 

of 8 studies on colorectal cancer screening also found overuse. There 

were numerous factors impacting inappropriate testing, which 

included physicians who were unaware of, had low confidence in, 

or perceived conflict in the guidelines.32,33 Results of other studies 

found overuse rates for repeat screening colonoscopy in primary 

care of 60.8% and between 16.1% and 36.1% for prostate cancer 

screening with prostate-specific antigen (PSA).34-37

Screening Risks
Although screening can certainly identify cancers at an earlier stage 

when the malignancy is potentially more treatable, it does not 

come without risks, including perforation or bleeding complica-

tions from invasive procedures (ie, colonoscopy),38 false-negative 

and false-positive results,39 and overdiagnosis of very early cancers 

or precancerous lesions that might never advance, leading to 

overtreatment.40 

False positives are some of the greatest risks from psychoso-

cial, medical, and economic perspectives.41-43 Whereas about 12% 

of women undergoing screening mammograms have an abnormal 

result, just 5% of those have cancer.2 Results of an observational study 

estimated a 61.3% probability of receiving at least 1 false-positive 

mammogram after 10 years if annual screening began at age 40 years 

(95% CI, 59.4%-63.1%) and 41.6% (CI, 40.6%-43.7%) with screening 

biennially, with similar findings even when screening began at age 

50 years. Seven percent of women who started screening at age 40 

years would receive a biopsy recommendation after 10 years of 

annual screening and 4.8% after 10 years of biennial screening.41 

Meanwhile, an analysis of 48,499 individuals in Catalonia, Spain, 

who received 130,134 fecal occult blood tests (FOBT) between 2000 
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and 2017 estimated a 16.2% false-positive result over 7 rounds of 

biennial screening. Those who completed 10 rounds of screening 

between ages 50 and 69 years had a more than 20% risk of a false 

positive, resulting in an unnecessary colonoscopy for follow-up.44 

A similar study conducted between 1997 and 2009 in US patients 

aged 50 to 79 years found a 20.5% risk of at least 1 false-positive 

in those undergoing at least 10 years of annual FOBT and 8.8% in 

those undergoing 10 years of biennial FOBT.45 The FDA identified 

a false-positive rate with Cologuard of 13.4% compared with 5.1% 

with fecal immunochemical test (FIT).46

False positives may result in significant stress, anxiety, and 

distress.47 One study investigated the psychosocial consequences 

of false-positive colorectal screening and found that participants 

were more ambivalent about future screenings in addition to the 

discomfort and anxiety associated with a positive test result.42 

Another study found that women with false-positive mammography 

results were less likely to return for future screenings.48 Study results 

further find higher rates of depression, mood-affecting worries, 

and lower mental functioning in patients who receive false posi-

tives.47 False positives also increase healthcare-associated costs, 

with one study analyzing the associated costs in 1087 managed 

care members who participated in the Prostate, Lung, Colorectal, 

and Ovarian Cancer Screening Trial, a 23-year multisite random-

ized trial in which participants were randomized to receive either 

recommended cancer screenings for 6 years or usual care.43,49 The 

investigators found that 43% of the study sample had at least 1 

false-positive test at baseline, with men more likely to receive a 

false positive. The majority of patients (83%) received follow-up 

tests, including laparoscopy, colonoscopy, flexible sigmoidoscopy, 

and transvaginal ultrasound. Medical costs for those with false 

positives were $1024 higher for women and $1171 for men (in 2000 

dollars) than for those without false positives in the year following 

the initial screen (P <.0001).43 Ong et al estimated national expen-

ditures for breast cancer false positives in women aged 40 to 59 

years at $2.8 billion per year.50 

Screening and Overdiagnosis 
Overdiagnosis is defined as cancers detected on screening that would 

not have otherwise been detected during the patient’s lifetime and 

represents another potential risk of cancer screening.51 One model 

of 1 million men undergoing PSA screening estimated that 23% of 

White men and 34% of Black men would be diagnosed with such 

very early cancers.51 Another analysis based on national PSA screen-

ings conducted between 1985 and 2000 predicted overdiagnosis 

rates between 22.9% and 42%, depending on the model used.52 

Screening mammography for breast cancer also results in high 

rates of cancer diagnoses that would not otherwise have been found 

during a woman’s lifetime. Bleyer et al estimated that 22% to 31% of 

all invasive screen-detected breast cancers were overdiagnosed.53 A 

systematic review published in 2014 determined that over 10 years 

between 3 and 14 women, out of a 1000, would be overdiagnosed 

and needlessly treated.54 Such instances may also lead to excessive 

costs. One study estimated national expenditures for these breast 

cancer diagnoses in women aged 40 to 59 years at $1 billion a year.50 

Screening can also increase the risk of morbidity and mortality, with 

models estimating 2 to 11 screening-related deaths due to radia-

tion per 100,000 women using digital mammography.47 Studies 

have shown that screening for colorectal cancer via colonoscopy 

is occurring more frequently than guidelines recommend and, 

because this is a more invasive procedure, there is an increased 

risk of complications. Major bleeding and perforations are poten-

tial harms in individuals undergoing screening colonoscopy, with 

complications occurring in up to 15 of 1000 patients screened.55-57

Cost-Effectiveness of Screening
Numerous studies find that population-based screening for breast, 

colon, and cervical cancers are cost-effective if not cost-saving.58-61 

A systematic review of 33 studies evaluating the cost-effectiveness 

of several types of colorectal cancer screenings between 2010 and 

2016 found 10-year screening with colonoscopy had the greatest 

cost-effectiveness in the United States, although all methods were 

cost-effective compared with no screening.59 Pataky et al concluded 

that biennial mammography screening from ages 50 to 69 years 

was most cost-effective, with an incremental cost-effectiveness 

ratio (ICER) of $28,921 per quality-adjusted life-year (QALY), while 

biennial screening from age 40 to 69 years demonstrated an ICER of 

$86,029/QALY. Researchers also found that screening women aged 

70 to 74 years was less cost-effective than screening women aged 40 

to 49 years, given the lower life expectancy and potential harms.62,63 

There is less evidence for the cost-effectiveness of prostate cancer 

screening.64 Results of one study found it would be cost-effective 

if offered every 4 years and only if those with low-grade cancers 

identified on screening were followed with active surveillance.65

Liquid Biopsy for Cancer Screening
Liquid biopsies that analyze circulating tumor DNA and tumor cells 

in plasma are already used to identify genetic variants of tumors 

and guide real-time systemic therapy. They are less invasive than 

tissue biopsies and can provide greater information about the 

genetic variation of the tumor compared with a tissue biopsy.66 They 

may also be cost-effective, particularly if used to inform decisions 

regarding treatment.67 However, screening tests should not only be 

accurate and reliable, with high levels of sensitivity (ie, low rate 

of false negatives), specificity (ie, low rate of false positives), and 

robustness, but also should demonstrate clinical utility (ie, that 

screening improves outcomes compared with no screening).66 

This, in turn, requires large-scale clinical trials with longitudinal 

follow-up, even in participants with no signs of cancer. It should 
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also provide clear evidence of the origin of the tumor in order to 

minimize further testing, identify clinically insignificant early-

stage tumors to reduce overdiagnosis and overtreatment, and 

distinguish between indolent versus lethal disease. Aravanis et al 

suggested that appropriately powering such a trial would require 

hundreds of thousands of participants.68

Results of a 2018 review of liquid biopsies found no evidence 

of clinical validity to suggest clinical use for screening outside of 

a clinical trial. The authors also noted that it is possible that the 

assays may detect very early circulating genomic variants that were 

never destined to become cancers (ie, “biologic false positives”), with 

the same overdiagnosis discussed above with traditional cancer 

screening approaches.66 Regardless, once these tests are approved 

and on the market, payers, regulatory agencies, and medical soci-

eties will have to develop guidelines regarding the frequency and 

coverage of such screening.18 

Estimates are that the broad, multigene panels under inves-

tigation would cost between $5000 and $10,000 each. There are 

currently no published cost-effectiveness studies, and there are 

differences in insurance coverage.69 Currently, Medicare does not 

cover screenings in the absence of signs or symptoms of disease, 

with the exception of screenings for colorectal, breast, cervical, 

prostate, and lung cancers.27 Individuals undergoing a screening test 

for 50 cancers will not have signs and symptoms for all. Medicare 

also does not cover the cost of further testing and treatment if the 

initial test was performed in the absence of signs and symptoms.70 

Coverage of genomic tests may provide a clue as to coverage 

decisions of liquid biopsies for cancer detection. Douglas et al 

analyzed Medicare and commercial payer coverage of circulating 

tumor DNA (ctDNA)-testing panels in patients already diagnosed 

with cancer between 2015 and 2019. By mid-2019, 65 private payers 

and 4 Medicare advisory committees had published policies about 

liquid biopsy coverage. Although no private payers covered the 

tests in 2016, by mid-2019, 38% covered them. On the Medicare 

side, there were 8 final local coverage determinations (LCDs), 2 draft 

LCDs, and 2 LCDs expected to become final in early 2020. Table 2 

breaks down the coverage.71 Two LCDs by CMS evaluated the use 

of liquid biopsies to guide treatment in solid tumors and prevent 

organ rejection in kidney transplants.72,73 Wide divergence has been 

found in the coverage policies themselves. Private payers often based 

coverage on the cancer stage, limited coverage to certain tests, and 

varied on whether they covered monitoring for cancer progression. 

Medicare policies covered the use of liquid biopsies only for stage 

IIIB or IV non−small cell lung cancer (NSCLC), although private 

insurers covered its use for all stages. They also covered moni-

toring only if patients had not been previously tested or were not 

responding to epidermal growth factor receptor tyrosine kinase 

inhibitors (for NSCLC) or if there was a new primary cancer or 

different primacy.71 In a national coverage analysis example, CMS 

defined specific criteria needed to achieve to obtain coverage for 

blood-based biomarker tests for colorectal cancer screening to be 

administered once every 3 years or at the time interval designated 

by the FDA label for average risk, asymptomatic people aged 50 to 

85 years. CMS indicated that blood-based screening tests must meet 

the following criteria for coverage: FDA market authorization with 

an indication for colorectal cancer screening, proven test perfor-

mance characteristics for a blood-based screening test with both 

sensitivity greater than or equal to 74% and specificity greater than 

or equal to 90% in the detection of colorectal cancer compared with 

the recognized standard (colonoscopy at this time), based on pivotal 

TABLE 2. Coverage Policies for ctDNA71

Payer 2015 2016 2017

Type of cancers 
covered 2017 

(n) 2018

Type of cancers 
covered 2018 

(n)b 2019

Type of cancers 
covered 2019 

(n)b

Private
0/6 

positive 
(0%)

0/28 
positive 

(0%)

1/42 
positive 

(3%)

1 lung cancer 
only

13/66 
positive 
(20%)

11 lung cancer 
only; 2 solid and 

hematologic 
malignancies

28/73 
positive 
(38%)

24 lung cancer 
only; 4 solid and 

hematologic 
malignancies

Medicarea 0 positive 0 positive 0 positive N/A 4 positive
4 lung cancer 
(Guardant360 

only)
12 positive

8 lung cancer:
4 Guardant360

4 InVisionFirst-Lung
4 solid tumorsc 

Guardant360 only

Republished with permission of Harborside Press, from “Private payer and Medicare coverage for circulating tumor DNA testing: a historical analysis of coverage 
policies from 2015 to 2019,” Douglas MP, Gray SW, Phillips KA. J Natl Compr Canc Netw. 18(7) © 2003; permission conveyed through Copyright Clearance Center, Inc. 
ctDNA, circulating tumor DNA; LCD, local coverage determination; MAC, Medicare Administrative Contractor.
aMedicare coverage is provided by LCDs issued from 4 of 7 MACs. Medicare does not issue negative coverage policies, so percentage of policies with positive 
coverage were not calculated. 
bBlue Cross Blue Shield Association-affiliated policies typically have 2 separate policy documents: 1 for lung cancer and 1 for all other cancers. These policies are 
counted individually. 
cSolid tumors (12 types): non-small cell lung cancer, colorectal, breast, endometrial, gastric and gastroesophageal, gastrointestinal stromal tumor, melanoma, 
ovarian, pancreatic, prostate, thyroid, and chordoma. 
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studies included in the FDA labeling, and inclusion as recommended 

routine colorectal screening in at least one professional society 

guideline or consensus statement or USPSTF recommendation.74  

Conclusions
Despite significant improvements in detection and treatment over 

the past 2 decades that have dramatically improved the 5-year 

mortality of many cancers, it remains the second most common 

cause of death in the United States. Cancer diagnosis also exerts 

a significant economic burden on the US healthcare system, with 

estimated medical costs in excess of $157 billion. Population-

based screening may be responsible for mortality reductions in 

several cancers, particularly breast, cervical, and colorectal cancers. 

However, population-based screening comes with several risks, 

including the risk for false-positive and false-negative results as 

well as under- and overdiagnosis. 

The advent of liquid-based biopsies that can screen for multiple 

cancers could revolutionize cancer screening and lead to early detec-

tion of numerous tumors, such as pancreatic and ovarian, which 

are typically diagnosed late in the disease course. However, their 

use in clinical practice does raise several questions for government, 

managed care organizations, payers, and medical organizations 

that develop screening recommendations. A useful test provides 

information necessary to make a clinical treatment decision that 

improves the net health outcome, that is, the balance of benefits 

and harms is better when the test is used to manage the condition 

than when another test or no test is used to manage the condition. 

The test must be technically reliable, clinically valid, and clinically 

useful for that purpose. Consideration must be given to whether 

earlier detection can lead to a change in management and an 

improvement in health outcomes. Cost-effectiveness, sensitivity and 

specificity, and clinical utility are key issues that must be consid-

ered when determining coverage and screening recommendations, 

as well as the impact on the healthcare system if thousands more 

cancers are diagnosed. n
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Sample of Online Posttest
Choose the best answer for each of the following:

1. Which type of cancer does not have screening recom-
mendations for the general population?
A. Breast cancer

B. Cervical cancer

C. Hepatocellular cancer

D. Colorectal cancer

2. When cancer is detected at later stages, which of the 
following is true?
A. 5-year survival increases.

B. 5-year survival decreases.

C. Treatment is more effective.

D. More treatment options are available.

3. AM is a 56-year-old postmenopausal woman with a past 
medical history significant for gestational diabetes, 
hypertension, and anxiety disorder. She is married with 
3 children and works as an elementary school teacher. 
She has no family history of cancer, has never smoked, 
and does not drink alcohol. She has not been to see a 
doctor in approximately 7 years, but she decided to make 
an appointment with her gynecologist for a check-up 
after receiving a notification that she is due for cancer 
screening. She has no specific complaints or concerns 
at this time. Which screening test is NOT appropriate 
for AM?
A. Mammogram

B. Colonoscopy

C. Cervical cytology

D. Low-dose computed tomography (LDCT)

4. AM completes the recommended screening and is diag-
nosed with left-side breast infiltrating ductal carcinoma. 
She starts chemotherapy and takes a leave of absence 
from work. Her mother also comes to live with her for 
the duration of treatment. Which is a direct cost for AM?
A. Time spent receiving infusions

B. AM’s mother’s time spent as a caregiver

C. Co-payment for the oncologist office visit

D. Morbidity, or time lost from work during the leave 
of absence

5. What advantage does new cancer detection technology 
have compared with traditional screening methods?
A. Minimally invasive

B. Low specificity

C. Single-organ detection

D. Radiation exposure

6. Which statement is false regarding the multicancer blood 
screening tests?
A. They can predict a person’s chance of getting cancer. 

B. Some tests detect the tissue of origin.

C. They detect multiple types of cancer.

D. Some tests detect circulating cell-free DNA in the blood.

7. Medicare and most other health insurance plans cover 
screening with no out-of-pocket payment for all of the 
following cancers, EXCEPT:
A. Prostate

B. Pancreatic

C. Cervical

D. Breast
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8. Cancer costs the US healthcare system approximately 
how much each year?
A. $70 million

B. $180 million

C. $50 billion

D. $160 billion

9. One way to increase survival rates in patients with 
cancer is to:
A. Screen everyone at risk for cancer. 

B. Diagnose cancer in the early stages. 

C. Begin aggressive treatment upon diagnosis. 

D. Intervene surgically as much as possible.

10. A 67-year-old patient just had her mammogram. The 
radiologist wants her to come back for additional 
screening. She is certain she has cancer. Which of the 
following is an appropriate response?
A. “Mammograms are very accurate.”

B. “A significant number of women will have a false-
positive mammogram.” 

C. “Instead of a mammogram, you should schedule an MRI 
to confirm.”

D. “Even if you do have cancer, it is probably so early in its 
development you will not need to do anything.”
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