
R E S E A R C H Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Philipson et al. BMC Health Services Research          (2023) 23:829 
https://doi.org/10.1186/s12913-023-09738-4

BMC Health Services Research

*Correspondence:
Ze Cong
zcong@grailbio.com

Full list of author information is available at the end of the article

Abstract
Background Although cancer mortality has been decreasing since 1991, many cancers are still not detected until 
later stages with poorer outcomes. Screening for early-stage cancer can save lives because treatments are generally 
more effective at earlier than later stages of disease. Evidence of the aggregate benefits of guideline-recommended 
single-site cancer screenings has been limited. This article assesses the benefits in terms of life-years gained and 
associated value from major cancer screening technologies in the United States.

Methods A mathematical model was built to estimate the aggregate benefits of screenings for breast, colorectal, 
cervical, and lung cancer over time since the start of US Preventive Services Task Force (USPSTF) recommendations. 
For each type, the full potential benefits under perfect adherence and the benefits considering reported adherence 
rates were estimated. The effectiveness of each screening technology was abstracted from published literature on 
the life-years gained per screened individual. The number of individuals eligible for screening per year was estimated 
using US Census data matched to the USPSTF recommendations, which changed over time. Adherence rates to 
screening protocols were based on the National Health Interview Survey results with extrapolation.

Results Since initial USPSTF recommendations, up to 417 million people were eligible for cancer screening. 
Assuming perfect adherence to screening recommendations, the life-years gained from screenings are estimated 
to be 15.5–21.3 million (2.2–4.9, 1.4–3.6, 11.4–12.3, and 0.5 million for breast, colorectal, cervical, and lung cancer, 
respectively). At reported adherence rates, combined screening has saved 12.2–16.2 million life-years since the 
introduction of USPSTF recommendations, ~ 75% of potential with perfect adherence. These benefits translate into 
a value of $8.2-$11.3 trillion at full potential and $6.5-$8.6 trillion considering current adherence. Therefore, single-
site screening could have saved an additional 3.2–5.1 million life-years, equating to $1.7-$2.7 trillion, with perfect 
adherence.

Conclusions Although gaps persist between the full potential benefit and benefits considering adherence, 
existing cancer screening technologies have offered significant value to the US population. Technologies and policy 
interventions that can improve adherence and/or expand the number of cancer types tested will provide significantly 
more value and save significantly more patient lives.
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Introduction
Approximately 1.9 million new cancer cases and 609,360 
cancer deaths are projected in the United States during 
2022 [1]. Cancer mortality has declined significantly in 
the United States in recent decades: between 1991 and 
2019, the cancer death rate decreased 32%, translating to 
3.4 million fewer deaths during this period [1]. This has 
been accomplished through public health measures, such 
as reduction in smoking, more efficacious cancer treat-
ments, and better and expanded screenings that allow 
cancer diagnosis at earlier stages [1, 2].

Currently, the US Preventive Services Task Force (USP-
STF) recommends single-site cancer screening for breast, 
colorectal, cervical, and lung cancer for at-risk individu-
als [3–6]. General screening recommendations include 
mammograms for breast cancer detection; high-sensitiv-
ity stool-based tests, colonoscopy, computed tomography 
(CT) colonography, or flexible sigmoidoscopy for colon 
cancer; high-risk human papillomavirus and/or cytol-
ogy for cervical cancer; and low-dose CT for lung cancer 
detection [3–6]. The eligibility criteria of a given screen-
ing population, types of screening technologies recom-
mended, and screening intervals have evolved over time. 
Each test has its own unique USPSTF-recommended 
population based on age, sex, and, in the case of lung 
cancer, history of smoking (Fig.  1). For example, mam-
mography was first recommended by USPSTF as screen-
ing for breast cancer in 1996 for women aged 50 to 69 
years with a screening frequency of once per 1 to 2 years 

[7]. In 2002, the recommended age group was changed to 
women aged ≥ 40 years [8], and in 2009, the recommen-
dation was further adjusted to be among women aged 
50 to 74 years with a screening frequency of once per 2 
years [9]. In addition, recommendations for prostate can-
cer screening testing such as the prostate specific antigen 
(PSA) test have changed over time. PSA was not recom-
mended by USPSTF for men aged ≥ 70 years old; men 
ages 55 to 69 years were recommended to discuss the 
possible benefits and harms of PSA screening with their 
health care provider to make an individualized decision 
about whether to get screened [10]. Conversely, other 
medical societies such as the American Cancer Soci-
ety (ACS) have recommended men aged ≥ 50 years with 
average risk and men aged ≥ 40 years with higher risk for 
prostate cancer to be screened by PSA annually since 
1992 [11].

Randomized controlled trials, observational studies, 
and case-cohort studies have demonstrated that screen-
ing tests for breast, colorectal, cervical, and lung can-
cer can increase life span through early detection and 
treatment [3, 5, 12–14]. Current reports suggest that 
early diagnosis not only reduces cancer-related mortal-
ity but may result in a cancer treatment cost reduction 
of $26  billion per year in the United States and reduce 
financial impact on patients and their families [15, 16]. 
However, not all types of cancer have screening tests, and 
barriers remain with respect to current testing modali-
ties [17]. Cancers without a USPSTF-recommended 

Keywords Cancer screening, Life-years gained, Value of cancer screening, Multi-cancer early detection

Fig. 1 Screening Protocols Recommended by the USPSTF Over Time for Four Cancer Types
CT, computed tomography; FIT, fecal immunochemical test; Flex sig, flexible sigmoidoscopy; FOBT, fecal occult blood test; gFOBT, guaiac fecal occult 
blood test; HPV, human papilloma virus; hrHPV, high-risk human papillomavirus; LDCT, low-dose computed tomography; Pap, Papanicolaou smear or Pap 
test; USPSTF, US Preventive Services Task Force
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screening paradigm account for almost 70% of cancer 
deaths in the United States [18, 19].

Based on survey data, screenings were increasingly 
adopted after being recommended by USPSTF. How-
ever, not all patients undergo recommended screening. 
The Healthy People 2020 targets for cancer screening, 
provided by the US Department of Health and Human 
Services Office of Disease Prevention and Health Promo-
tion, are 70.5% for colorectal, 81.1% for breast, and 93% 
for cervical cancers among those eligible for screening 
[20, 21]. However, screening rates have remained below 
these targets: although approximately 83% of the eligible 
population underwent recommended screening for cer-
vical cancers, only 72% were up-to-date with screen-
ing for breast cancer and 67% underwent recommended 
screening for colorectal cancer based on self-reported 
survey data [22]. In real-world practice, individuals’ 
demographic characteristics, including socioeconomic 
status, age, personal attitudes, beliefs, awareness, access 
to healthcare facilities, and social support; as well as phy-
sicians’ recommendations on cancer screenings, incon-
sistency of USPSTF-recommended eligibility criteria 
over time, and differences among guidelines can all influ-
ence adherence to screening recommendations [23].

To date, studies assessing survival benefits of cancer 
screenings have been either based on large-scale random-
ized controlled trials [24] that reported mortality rate 
reduction in terms of incidence rate reduction (IRR), or 
based on cohort or simulation modeling as part of a cost-
effectiveness assessment reporting life-years gained per 
screened individual [22–25]. Both approaches provide 
estimations of the survival benefit of a specific cancer 
screening technology at the individual level. Limited lit-
erature has examined the population-level, longitudinal, 
aggregate survival benefits of cancer screenings following 
USPSTF recommendations considering the total number 
of eligible individuals and the total number of individuals 
receiving the screenings. This information will be critical 
for policy decision makers to comprehensively assess the 
overall value of cancer screenings.

This research sought to quantify the aggregate gains 
to US life expectancy, to date, since major screening 

technologies for 4 cancer types were recommended by 
the USPSTF. The gains from using PSA to screen for 
prostate cancer as recommended by ACS were also 
quantified.

Methods
The full potential clinical and economic value of recom-
mended screenings for breast, colorectal, cervical, and 
lung cancers from 1996 (2013 for lung cancer) to 2020 
were estimated with a mathematical model (Fig.  2), 
assuming all eligible individuals were perfectly adher-
ent to their recommended screening protocols. This was 
accomplished by calculating the total number of eligible 
individuals in the first year of each USPSTF recommen-
dation using US Census data. The numbers of individu-
als who newly became eligible in subsequent years were 
also estimated using US Census data. The total number 
of individuals eligible for screening over time was calcu-
lated by taking the summation of the numbers of eligible 
individuals across all birth cohorts. The effectiveness of 
breast, colorectal, cervical, lung, and prostate screen-
ings in terms of life-years gained per screened individual 
was obtained from a targeted literature review of the 
cost-effectiveness of the screening technologies [25–29] 
(Supplemental Table  1); underlying assumptions about 
natural history, cancer incidence, stage-specific sur-
vival, test characteristics, costs, etc. are reported in the 
collected articles. The total number of life-years gained 
was calculated by multiplying the total number of eli-
gible individuals for each cancer screening by the num-
ber of life-years gained per screened individual from that 
screening. The full economic potential value of cancer 
screenings was calculated by applying the value of a life-
year (VLY; $531,501 based on systematic review) to the 
estimated full potential life-years gained [30] (Fig.  2). A 
sensitivity analysis was performed using a more conser-
vative VLY of $150,000.

To estimate the value of cancer screening considering 
adherence (Fig. 3), the total number of eligible individu-
als was weighted by the adherence rates for each cancer 
screening for each year [31–33]. We used publicly avail-
able data sources from the National Health Interview 

Fig. 2 Methodology to Estimate the Full Potential Value of Cancer Screening
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Survey (NHIS) for the cancer screening adherence rates 
[34] and imputed the adherence rates in each year using a 
linear extrapolation.

To provide a range estimation of the total clinical ben-
efits and the economic value that covers the various test 
recommendations and screening populations, a mini-
mum and a maximum scenario were considered in calcu-
lating life-years gained and the associated value. Because 
both the screening eligibility and the technologies rec-
ommended by USPSTF changed over time, a minimum 
scenario was assessed using the most restrictive screen-
ing population (smallest possible eligible cohort) that the 
USPSTF ever recommended and the lowest effectiveness 
estimated in the literature; a maximum scenario was 
assessed using the least restrictive screening population 
(largest possible eligible cohort) and the largest effective-
ness estimated (Table 1). The benefits from using PSA to 
screen for prostate cancer according to ACS recommen-
dation were also estimated following the same methodol-
ogy as the other 4 cancer types, starting from 1992.

Data sources
No new human data were collected in this study, and all 
data analyzed in the manuscript are publicly available 
(direct references to source data are included in Supple-
mental Table  2). The size of each screening cohort was 
determined by the number of individuals in the popula-
tion who met the sex (for breast and cervical) and age 
criteria for that cohort. The US Census Bureau’s Vintage 
annual national population estimates by demographic 
characteristics and Census’s National Intercensal Datas-
ets were used to determine the size of the eligible pop-
ulation for each screening cohort over time. These data 
estimate the population in the United States each year 
between the decennial census, which stratifies data by sex 
and by single year of age. For example, the dataset reports 
how many 65-year-olds are in the country at any given 
year.

Lung cancer screenings were recommended for all 
adults aged 55 to 80 years since 2013, with a ≥ 30 pack-
year cigarette smoking history and currently smoking or 
having quit < 15 years ago. This was estimated to be 12.7% 
of adults aged 55 to 80 years in 2017 based on the Behav-
ioral Risk Factor Surveillance System (BRFSS) survey 
[32]. This percentage was applied to the number of adults 

Table 1 Eligible Population and Effectiveness Assumptions for Minimum and Maximum Scenarios
Cancer Type Minimum Scenario Maximum Scenario

1st Year
USPSTF 
Recommendation

Eligible
Population

Life-Years 
Gained per 
Screened 
Individual

1st Year USPSTF 
Recommendation

Eligible 
Population

Life-Years 
Gained per 
Screened 
Individual

Breast 1996 Women; age 50–69 y 0.029 [22] 1996 Women, age 
40 + y

0.044 [22]

Colorectal 1996 Age 50–75 y Flex sig + FITa: 
0.009 [23]

2002 Age 45–75 y Colonoscopy: 
0.022 [23]

Cervical 1996 Women; age 21–65 y PAPb:
0.089 [24]

1996 Women; age 
21–65 y

21–30 PAP; 
30–65 cotestingc: 
0.096 [24]

Lung 2014 Current smoker or 
former smoker; age 
50–80 y

0.0316 [25] Limited benefit evidence, same as minimum scenario

aFlex sig: flexible sigmoidoscopy, an endoscopic procedure that allows physician to examine the rectum and lower colon
bPAP: a Pap smear or Pap test is a screening test for cervical cancer
cCotesting: combination of PAP and human papilloma virus testing

FIT, fecal immunochemical test; USPSTF, US Preventive Services Task Force

Fig. 3 Methodology to Estimate the Value of Cancer Screening Considering Adherence
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estimated to be aged 55 to 80 years in the census data to 
estimate the number of eligible individuals for lung can-
cer screening.

The colorectal cancer minimum scenario started 
in 1996, because the original test, annual fecal occult 
blood test and/or period sigmoidoscopy, started in that 
year with relatively lower effectiveness. Conversely, the 
colorectal cancer maximum scenario started in 2002, 
when colonoscopy became the recommended test for 
this cancer type with the largest effectiveness among all 
the screening technologies recommended.

Adherence rates were obtained from the NHIS for 
breast cancer, colorectal cancer, and cervical cancer 
screening for the years 2008, 2010, 2013, 2015, and 2018. 
Lung cancer screening compliance rates were obtained 
from the BRFSS survey [32, 33]. Adherence rates for 
prostate cancer screening were based on NHIS datasets 
for the years 1999, 2000, 2003, 2005, 2008, 2010, 2013, 
2015, and 2018 [35].

Because adherence rates were not reported for each 
year in the dataset, a linear trend imputation was calcu-
lated based on the observed adherence rates for breast 
cancer, colorectal cancer, cervical cancer, and prostate 
cancer. Lung cancer adherence rates were only available 
for 2 years, 2017 and 2018, so the 2-year average of the 
available years was used and the compliance rate was 
held constant for each year in the model since 2013.

The median value of a life-year was estimated to be 
$531,501 (2020 dollars), based on a comprehensive litera-
ture review of the value of a statistical life-year across 28 
academic estimates, academic meta-analysis, and govern-
ment agencies [30]. A sensitivity analysis was conducted 
using $150,000 per life-year.

Results
Population eligible for cancer screening
The cumulative number of individuals eligible for screen-
ing in both minimum and maximum scenarios for each 
of the cancer types since USPSTF recommendations 
were made is shown in Fig.  4. In total, 375 to 417  mil-
lion people were eligible for at least one type of cancer 
screening between 1996 and 2020. Colorectal cancer 
screening eligibility increased the most over time, add-
ing about 4.2 million individuals annually, with a cumu-
lative of > 150 million eligible individuals until 2020. The 
number of individuals eligible for lung cancer screening 
was the lowest among the 4 cancer types owing to the 
high-risk requirement from the USPSTF recommenda-
tion. The eligibility criteria for cervical and lung cancer 
were unchanged from the initial USPSTF recommenda-
tion until 2020; thus, the cohort sizes for the minimum 
and maximum scenarios are the same. Approximately 
79.3 million males aged 50–74 have been eligible for PSA 
screening for prostate cancer since ACS recommenda-
tion in 1992.

Adherence to cancer screening
Figure  5 shows adherence rates over time after imputa-
tion. Colorectal cancer has seen the highest increase in 
adherence rates, increasing from 52.1% to 2008 to 65.2% 
in 2018. Cervical cancer had the highest adherence rate 
over time but rates slightly decreased from 84.5% to 2008 
to 80.5% in 2018, whereas breast cancer adherence rates 
have been fairly stable: 73.7% in 2008 and 72.8% in 2018. 
The observed adherence rate to PSA screening for pros-
tate cancer has decreased from 64.6% to 1999 to 39.0% 
in 2008 due to the concerns of overdiagnosis and lack of 
evidence on the improvement in outcomes.

Fig. 4 Cumulative Number of Eligible Individuals Since USPSTF Recommendations
Max, maximum scenario; min, minimum scenario; USPSTF, US Preventive Services Task Force
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Life-years gained
The total benefits of cancer screenings since USPSTF 
recommendations in terms of life-years gained and cor-
responding monetary value are shown in Table  2. With 
perfect adherence, the full potential number of life-
years gained was estimated to be approximately 15.5 to 
21.3  million. Of the 4 cancers, the greatest number of 
full potential life-years gained was for cervical cancer, 
which accounted for 58–74% of total benefits across all 
4 cancer types (11.4 to 12.3 million life-years). The share 
attributed to breast cancer was 14–23% (2.2 to 4.9 million 
life-years), to colorectal cancer was 9–17% (1.4 to 3.6 mil-
lion life-years), and to lung cancer was 2–3% (0.5 million 
life-years). The number of life-years gained is greatest for 

cervical cancer because this is one of the largest cohorts 
and cervical cancer screening has the highest effective-
ness per screened individual according to the literature. 
Conversely, lung cancer has the smallest number of 
life-years gained due to small population size and low 
adherence to low-dose CT screening. When consider-
ing cancer screening adherence rates shown in Fig. 5, the 
total number of life-years gained was approximately 12.2 
to 16.2 million across the 4 cancer types, or about three-
quarters of the full potential benefit (Table  3). The full 
potential life-years gained from PSA for prostate cancer 
screening was estimated to be 4.4–5.1  million, whereas 
2.4–2.8 million life-years could be saved considering PSA 
adherence.

Table 2 Full Potential Benefits and Associated Value Since USPSTF Recommendations
Cancer Type Total Cohort Size of Eligible Individuals

(millions of people)
Full Potential Life-Years Gained
(millions)

Full Potential Value Life-Years Gained
($ trillions)

Breast 75–110 2.2–4.9 $1.2-$2.6

Colorectal 157–164 1.4–3.6 $0.8-$1.9

Cervical 128 11.4–12.3 $6.1-$6.5

Lung 15 0.5 $0.3

Total 375–417 15.5–21.3 $8.2-$11.3
USPSTF, US Preventive Services Task Force

Table 3 Benefits and Value of Cancer Screenings Since USPSTF Recommendations Considering Adherence
Cancer Type Total Cohort Size of Eligible Individuals 

Considering Adherence
(millions of people)

Life-Years Gained Considering 
Adherence
(millions of life years)

Value of the Life-
Years Gained Con-
sidering Adherence
($ trillions)

Breast 55–81 1.6–3.6 $0.8-$1.9

Colorectal 78–85 0.7–1.9 $0.4-$1.0

Cervical 111 9.9–10.6 $5.2-$5.7

Lung 2.4 0.08 $0.04

Total 244–278 12.2–16.2 $6.5-$8.6
USPSTF, US Preventive Services Task Force

Fig. 5 Observed and Imputed Cancer Screening Adherence Rates Over Time
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Value of life-years gained
Using the value of a statistical life-year of $531,501 based 
on a systematic review [30], we calculated the aggregate 
value of these screening technologies to be between 
$8.2 and $11.3 trillion at full potential (Table 2) and $6.5 
to $8.6 trillion considering adherence rates (Table  3). 
According to these calculations, if all patients were per-
fectly adherent, these single-site screening technologies 
could have led to an additional 3.2 to 5.1  million life-
years gained, equating to $1.7 to $2.7 trillion [30]. In a 
sensitivity analysis using a more conservative VLY of 
$150,000, the total value is estimated to be $2.3 to $3.2 
trillion at full potential and $1.8 to $2.4 trillion consider-
ing adherence.

Colorectal and breast cancer have the largest gaps 
between minimum and maximum estimates of poten-
tial life-years gained (2.2 and 2.7  million life-years, and 
155% and 123%, respectively), in level and percent terms 
(Fig. 6). Lung cancer had the largest gap between poten-
tial life-years gained and life-years gained considering 
adherence (0.42 million life-years, 531%) due to the low-
est adherence rate (Fig. 6). Cervical ($0.8 to $0.9 trillion) 
and colorectal ($0.4 to $0.9 trillion) cancer had the larg-
est ranges between the full potential life-years gained and 
life-years gained considering adherence values in levels; 
cervical cancer had the smallest gap ($0.4 trillion; Fig. 7). 
The gap in prostate cancer was about $1 trillion. In the 
sensitivity analysis using a VLY of $150,000, breast ($0.3 
to $0.4 trillion) and colorectal ($0.2 to $0.3 trillion) can-
cer had the largest ranges between the full potential life-
years gained and life-years gained considering adherence 
values (Fig. 8).

Discussion
The USPSTF recommendations for cancer screenings 
for breast, colorectal, cervical, and lung cancers have 
led to substantial positive outcomes for patients. That 
said, substantial additional gains (i.e., an additional 3.2 to 
5.1 million life-years) are possible if adherence rates are 
optimized. Based on the results of the present study, the 
full potential benefits of screenings for these cancers have 
resulted in 15.5 to 21.3  million life-years gained, which 
translates into a value of $8.2 to $11.3 trillion since the 
start of the recommendation. With PSA for prostate can-
cer screening considered, the cumulative benefits could 
be even higher. This study builds upon previous evidence 
by providing an aggregate calculation of the total benefits 
for the 4 main types of cancer screening and examining 
the potential value if all eligible persons received screen-
ing [12, 36]. To our knowledge, this is the first study 
estimating the population-level, longitudinal, aggregate 
survival benefits of cancer screenings. This research 
helps to explain the observed trend in cancer mortality 
rate reduction in the Annual Report to the Nation on 
the Status of Cancer [37]. New multi-cancer early detec-
tion (MCED) blood tests that can simultaneously screen 
for multiple cancer types have been developed [38–40]. 
Given the recency of the technology, the value of MCED 
tests has not yet been fully quantified. This research will 
help provide benchmarks for the quantification of the 
potential value of MCED tests.

Due to less than perfect adherence, a non-trivial gap 
of 3.2 to 5.1 million life-years, equaling $1.7 to $2.7 tril-
lion of value, exists between the full potential value and 
the value considering adherence rates, suggesting that 

Fig. 6 Full Potential Number of Life-Years Gained and Number of Life-Years Gained Considering Adherence
Max, maximum; Min, minimum
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one-quarter of the potential benefit goes unachieved. The 
lost value of the screenings highlights the importance of 
removing barriers to screening that prevent patients from 
being fully adherent with recommendations, including 
monetary screening cost, need for a specific clinic visit, 
procedure invasiveness, extra patient preparations prior 
to screening, or missed work days due to recovery after 
the procedure [17]. Patients may also be reluctant to 
undergo screening due to potential anxiety while await-
ing test results [17, 41]. These and other barriers such as 

physicians’ recommendation on cancer screenings pre-
vent individual screenings from reaching their full poten-
tial value.

The loss in life-years from coronavirus disease 2019 
(COVID-19) was calculated by matching life expectancy 
estimates conditional on age from the Centers for Dis-
ease Control and Prevention to the age distribution of 
deaths from COVID-19 updated through August 2022 
[42]. The average life expectancy at each age group-
ing was multiplied by deaths at each age grouping then 

Fig. 8 Full Potential and Value of Life-Years Gained Considering Adherence (Sensitivity Analysis)a

aSensitivity analysis using a VLY of $150,000
Max, maximum; Min, minimum; VLY, value of a life-year

 

Fig. 7 Full Potential and Value of Life-Years Gained Considering Adherence
Max, maximum; Min, minimum
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summed, resulting in a finding that COVID-19 has 
directly reduced healthcare outcomes by 15.3 million life-
years [30]. The life-years gained considering adherence 
from early screening for breast, colorectal, cervical, and 
lung cancer is 12.2 to 16.2 million years, or about 0.8 to 
1.1 times the life-years lost to COVID-19, whereas the 
full potential life-years gained is 1.0 to 1.4 times larger.

Cervical cancer screening is estimated to offer the larg-
est estimated benefit in life-years gained due to the USP-
STF recommendation that women start cervical cancer 
screening at a young age (i.e., aged 21 years, more than 
2 decades before recommended screening for any other 
cancer), the high effectiveness of cervical cancer screen-
ing [43], and the high adherence rates. Indeed, although 
cervical cancer was previously a leading cause of death 
for women in the United States [44], mortality from cer-
vical cancer dropped by 60% in recent decades, from a 
death rate of 5.5 per 100,000 persons in 1975 to 2.2 per 
100,000 persons in 2022 [45], with probably even higher 
rates before widespread screening with the Papanicolaou 
smear began in the 1940s [43].

Modeling data have estimated that MCED tests could 
provide approximately 0.18 life-year gained per tested 
individual by screening for more than 50 types of can-
cer, in addition to available cancer screening tests [46]. 
The 5-year full potential benefits of MCED tests assum-
ing perfect adherence were estimated to be more than 
23  million life-years gained, which is greater than the 
total benefits across the screenings for the 4 cancer 
types assessed in this study. The difference in the value 
considering adherence and the full potential value of 
early cancer screenings shown in this study suggests that 
additional value could be provided by new technologies, 
such as MCED [39, 40], or policy interventions directed 
to remove barriers and improve adherence to existing 
cancer screenings or expand the number of cancer types 
screened, because many aggressive cancers do not yet 
have a screening protocol recommended by the USPSTF.

This study has limitations. First, when calculating 
the value of screening by considering adherence, both 
upward and downward bias exists because adherence is 
assumed constant for a patient’s full time in the recom-
mended screening age. Upward bias exists because many 
patients start out fully adherent, but over time, they stop 
following the USPSTF’s screening recommendations. 
In this case, our methodology overestimates the value 
considering adherence. However, downward bias exists 
because many patients may start out nonadherent but, 
over time, they begin to follow the USPSTF’s screening 
recommendations. In this scenario, our methodology 
underestimates the value gained considering adherence.

Second, each scenario assumes a constant life-years-
gained estimate for each of the screenings, but it is more 
likely that the size of this estimate changes over time with 

drug and technology innovation, which can influence 
relative mortality through earlier cancer detection, and 
subsequently alter the effectiveness of screening due to 
advances in either early- or late-stage cancer treatments. 
For example, human papillomavirus (HPV) infections are 
a clear predictor of cervical cancer, so introduction of the 
HPV vaccine in 2006 may alter the effectiveness of cervi-
cal cancer screening as more people receive the vaccine 
and do not become infected with HPV [13]. Furthermore, 
each patient may have different life-years gained depend-
ing on age and whether they are at the youngest or oldest 
end of the recommended age group for screening.

Recommendations for different screenings have 
changed over time, which influences the number of 
individuals eligible for screening. Due to changing rec-
ommendations, our methodology applies the most 
restrictive population (smallest cohort) to the smallest 
life-years gained and least restrictive population (larg-
est cohort) with the largest life-years gained, to provide 
a range of scenarios that account for such changes. The 
subsequent range of outcomes reflects the extremes of a 
small population-low life-years gained and a large pop-
ulation-high life-years gained, due to different screening 
recommendations. A tradeoff exists between the num-
ber of eligible patients and the benefits per screened 
individual. In other words, the total value of screening 
may increase by increasing the number of individuals 
screened, but the effectiveness of each individual test will 
likely decrease.

Third, the model inputs of this research analysis are 
mostly based on literature, hence the bias and limitations 
from the referenced studies contribute to the basis of our 
research. For example, in terms of life-years gained per 
screened individual, the referenced studies are all cost-
effectiveness modeling research with underlying assump-
tions. By using estimates from those studies, this research 
is inherently making those assumptions as well.

Finally, adherence rates used in this analysis only 
accounted for initial screening. For example, a patient 
receiving a positive result from an initial screening often 
undergoes additional tests, such as biopsy, to confirm an 
official cancer diagnosis. Costs and other barriers likely 
lead the resulting adherence to the full diagnostic pro-
cedure to be lower than the NHIS estimates [47–49]. 
Patients may not receive the full benefit of cancer screen-
ing if they get a diagnosis of cancer (or not), making the 
total number of screened individuals an upper bound 
estimate. Of note, the types and frequency of recom-
mended cancer screening tests differ for individuals 
based on health status and physician recommendation.
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Conclusions
Single-site cancer screenings have offered significant 
cumulative gains to US life-years gained and improve-
ments to value of screening, despite screening adher-
ence leading to a nontrivial gap between full potential 
and realized benefit considering adherence. These analy-
ses suggest that technologies and policy interventions 
that can improve adherence to existing screening and/or 
expand the number of cancer types screened for, will pro-
vide significant value.

Abbreviations
BRFSS  Behavioral Risk Factor Surveillance System
COVID-19  Coronavirus disease 2019
CT  Computed tomography
HPV  Human papillomavirus
MCED  Multi-cancer early detection
NHIS  National Health Interview Survey
USPSTF  US Preventive Services Task Force
VLY  Value of a life-year

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-023-09738-4.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Medical writing assistance was provided by Miranda Tradewell, PhD of 
Lumanity Communications, Inc. and was funded by GRAIL.

Author contributions
TJP, TD, and ZC designed the study. ZC analyzed the data and created the 
model; TJP, TD, ZC, and AMF interpreted the data and wrote the manuscript.

Funding
This study was funded by GRAIL, LLC, a subsidiary of Illumina Inc (GRAIL, LLC 
is currently held separate from Illumina Inc. under the terms of the Interim 
Measures Order of the European Commission dated 29 October 2021). ZC, 
an employee from GRAIL LLC, participated in the study design, analysis, 
interpretation of data, and writing of the manuscript.

Data Availability
The datasets used and/or analyzed during the current study are available 
from the corresponding author on reasonable request. All data generated 
or analyzed during this study are included in this published article (direct 
references to source data are included in Supplemental Table 2).

Declarations

Competing interests
TP, TD, and AMF received consulting fees from GRAIL LLC. ZC is an employee 
of Grail LLC.

Author information
TJP is the Daniel Levin Professor of Public Policy Studies Emeritus at the 
University of Chicago Harris School of Public Policy. AMF is a professor at 
the division of General Medicine, Department of Internal Medicine and 
Department of Health Management and Policy at the University of Michigan. 
He is also the director of the University of Michigan Center for Value-Based 
Insurance Design.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Author details
1University of Chicago, Chicago, IL, USA
2GRAIL, LLC, a subsidiary of Illumina, Inc., currently held separate from 
Illumina Inc., under the terms of the Interim Measures Order of the 
European Commission dated 29 October 2021, Menlo Park, CA, USA
3University of Michigan, Ann Arbor, MI, USA

Received: 16 February 2023 / Accepted: 22 June 2023

References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J 

Clin. 2022;72:7–33.
2. Loud JT, Murphy J. Cancer screening and early detection in the 21(st) century. 

Semin Oncol Nurs. 2017;33:121–8.
3. US Preventive Services Task Force, Davidson KW, Barry MJ, Mangione CM, 

Cabana M, Caughey AB, Davis EM, Donahue KE, Doubeni CA, Krist AH, et al. 
Screening for colorectal cancer: US Preventive Services Task Force recom-
mendation statement. JAMA. 2021;325:1965–77.

4. Preventive Services Task US, Force, Curry SJ, Krist AH, Owens DK, Barry MJ, 
Caughey AB, Davidson KW, Doubeni CA, Epling JW Jr, Kemper AR, et al. 
Screening for cervical cancer: US preventive services task force recommenda-
tion statement. JAMA. 2018;320:674–86.

5. US Preventive Services Task Force, Krist AH, Davidson KW, Mangione CM, 
Barry MJ, Cabana M, Caughey AB, Davis EM, Donahue KE, Doubeni CA, et al. 
Screening for lung cancer: US preventive services task force recommendation 
statement. JAMA. 2021;325:962–70.

6. U.S. Preventive Services Task Force. Final recommendation statement: breast 
cancer: screening. 2016. https://www.uspreventiveservicestaskforce.org/
uspstf/recommendation/breast-cancer-screening. Accessed 19 Oct 2022.

7. US Preventive Services Task Force. Final recommendation statement: breast 
cancer: screening., 1996. https://www.uspreventiveservicestaskforce.org/
uspstf/recommendation/breast-cancer-screening-1996. Accessed 19 Oct 
2022].

8. US Preventive Services Task Force. Final recommendation statement: breast 
cancer: screening., 2002. https://www.uspreventiveservicestaskforce.org/
uspstf/recommendation/breast-cancer-screening-2002. Accessed 19 Oct 
2022.

9. US Preventive Services Task Force. Final recommendation statement: breast 
cancer: screening., 2009. https://uspreventiveservicestaskforce.org/uspstf/
recommendation/breast-cancer-screening-2009. Accessed 19 Oct 2022.

10. US Preventive Services Task Force. Final recommendation statement: prostate 
cancer. https://www.uspreventiveservicestaskforce.org/uspstf/recommenda-
tion/prostate-cancer-screening. Accessed 24 May 2023.

11. American Cancer Society Recommendations for Prostate Cancer Early 
Detection. https://www.cancer.org/cancer/types/prostate-cancer/detection-
diagnosis-staging/acs-recommendations.html. Accessed 24 May 2023.

12. Siu AL, Force USPST. Screening for breast cancer: U.S. preventive services task 
force recommendation statement. Ann Intern Med. 2016;164:279–96.

13. Moyer VA. Screening for cervical cancer: U.S. Preventive Services Task Force 
recommendation statement. Ann Intern Med. 2012;156:880–91. W312.

14. World Health Organization. Colorectal cancer screening. IARC Handbooks 
of Cancer Prevention. Lyon, France; International Agency for Research on 
Cancer; 2019:1–299.

15. Kakushadze Z, Raghubanshi R, Yu W. Estimating cost savings from early 
cancer diagnosis. Data. 2017;2:30.

16. World Health Organization. Guide to cancer early diagnosis. Geneva, Switzer-
land: World Health Organization; 2017.

17. Brill JV. Screening for cancer: the economic, medical, and psychosocial issues. 
Am J Manag Care. 2020;26(14 Suppl):300–S306.

18. American Cancer Society. Cancer facts & Fig. 2022. https://www.cancer.org/
content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-
facts-and-figures/2022/2022-cancer-facts-and-figures.pdf. Accessed 19 Oct 
2022.

https://doi.org/10.1186/s12913-023-09738-4
https://doi.org/10.1186/s12913-023-09738-4
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening-1996
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening-1996
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening-2002
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening-2002
https://uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening-2009
https://uspreventiveservicestaskforce.org/uspstf/recommendation/breast-cancer-screening-2009
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/prostate-cancer-screening
https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/prostate-cancer-screening
https://www.cancer.org/cancer/types/prostate-cancer/detection-diagnosis-staging/acs-recommendations.html
https://www.cancer.org/cancer/types/prostate-cancer/detection-diagnosis-staging/acs-recommendations.html
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2022/2022-cancer-facts-and-figures.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2022/2022-cancer-facts-and-figures.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2022/2022-cancer-facts-and-figures.pdf


Page 11 of 11Philipson et al. BMC Health Services Research          (2023) 23:829 

19. Pinsky PF, Berg CD. Applying the National Lung Screening Trial eligibility 
criteria to the US population: what percent of the population and of incident 
lung cancers would be covered? J Med Screen. 2012;19:154–6.

20. Hall IJ, Tangka FKL, Sabatino SA, Thompson TD, Graubard BI, Breen N. Pat-
terns and trends in cancer screening in the United States. Prev Chronic Dis. 
2018;15:E97.

21. Healthy People. Clinical Preventive Services. 2020. https://wayback.archive-it.
org/5774/20220413182825/https://www.healthypeople.gov/2020/leading-
health-indicators/2020-lhi-topics/Clinical-Preventive-Services/data. Accessed 
19 Oct 2022.

22. Sabatino SA, Thompson TD, White MC, Shapiro JA, de Moor J, Doria-Rose VP, 
Clarke T, Richardson LC. Cancer screening test receipt - United States, 2018. 
MMWR Morb Mortal Wkly Rep. 2021;70:29–35.

23. Young B, Robb KA. Understanding patient factors to increase uptake of 
cancer screening: a review. Future Oncol. 2021;17:3757–75.

24. Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM, Gareen 
IF, Gatsonis C, Marcus PM, Sicks JD. Reduced lung-cancer mortality with low-
dose computed tomographic screening. N Engl J Med. 2011;365:395–409.

25. Tina Shih YC, Dong W, Xu Y, Shen Y. Assessing the cost-effectiveness of 
updated breast cancer screening guidelines for average-risk women. Value 
Health. 2019;22:185–93.

26. Barzi A, Lenz HJ, Quinn DI, Sadeghi S. Comparative effectiveness of screening 
strategies for colorectal cancer. Cancer. 2017;123:1516–27.

27. Goldie SJ, Kim JJ, Wright TC. Cost-effectiveness of human papillomavirus DNA 
testing for cervical cancer screening in women aged 30 years or more. Obstet 
Gynecol. 2004;103:619–31.

28. Black WC, Gareen IF, Soneji SS, Sicks JD, Keeler EB, Aberle DR, Naeim A, Church 
TR, Silvestri GA, Gorelick J, et al. Cost-effectiveness of CT screening in the 
National Lung Screening Trial. N Engl J Med. 2014;371:1793–802.

29. Roth JA, Gulati R, Gore JL, Cooperberg MR, Etzioni R. Economic analysis of 
prostate-specific Antigen screening and selective treatment strategies. JAMA 
Oncol. 2016;2:890–8.

30. Durie T, Philipson T. Issue brief: a review of the scientific literature on the 
value of health. 2021. https://ecchc.economics.uchicago.edu/files/2021/08/
VSL-Scientic-Lit-Review-U-Chicago.pdf. Accessed 24 May 2023.

31. Office of Disease Prevention and Health Promotion. Cancer. 2020. https://
wayback.archive-it.org/5774/20220414131934/https://www.healthypeople.
gov/2020/topics-objectives/topic/cancer/objectives#4053. Accessed 19 Oct 
2022.

32. Richards TB, Soman A, Thomas CC, VanFrank B, Henley SJ, Gallaway MS, Rich-
ardson LC. Screening for Lung Cancer – 10 states, 2017. MMWR Morb Mortal 
Wkly Rep. 2020;69:201–6.

33. Narayan AK, Gupta Y, Little BP, Shepard JO, Flores EJ. Lung cancer screening 
eligibility and use with low-dose computed tomography: results from the 
2018 behavioral risk factor Surveillance System cross-sectional survey. Cancer. 
2021;127:748–56.

34. Centers for Disease Control and Prevention. National Health Interview Survey. 
2022. https://www.cdc.gov/nchs/nhis/index.htm. Accessed 19 Oct 2022.

35. Clarke TC, Soler-Vila H, Fleming LE, Christ SL, Lee DJ, Arheart KL. Trends in 
adherence to recommended Cancer Screening: the US Population and Work-
ing Cancer Survivors. Front Oncol. 2012;2:190.

36. Knudsen AB, Rutter CM, Peterse EFP, Lietz AP, Seguin CL, Meester RGS, Perdue 
LA, Lin JS, Siegel RL, Doria-Rose VP, et al. Colorectal cancer screening: an 
updated modeling study for the US Preventive Services Task Force. JAMA. 
2021;325:1998–2011.

37. Cronin KA, Scott S, Firth AU, Sung H, Henley SJ, Sherman RL, Siegel RL, Ander-
son RN, Kohler BA, Benard VB et al. Annual report to the nation on the status 
of cancer, part 1: National cancer statistics. Cancer 2022, 128:4251–4284.

38. Chen M, Zhao H. Next-generation sequencing in liquid biopsy: cancer 
screening and early detection. Hum Genomics. 2019;13:34.

39. Liu MC, Oxnard GR, Klein EA, Swanton C, Seiden MV. Sensitive and specific 
multi-cancer detection and localization using methylation signatures in cell-
free DNA. Ann Oncol. 2020;31:745–59.

40. Lennon AM, Buchanan AH, Kinde I, Warren A, Honushefsky A, Cohain AT, Led-
better DH, Sanfilippo F, Sheridan K, Rosica D et al. Feasibility of blood testing 
combined with PET-CT to screen for cancer and guide intervention. Science 
2020, 369(6499).

41. Taghizadeh N, Tremblay A, Cressman S, Peacock S, McWilliams AM, MacEach-
ern P, Johnston MR, Goffin J, Goss G, Nicholas G, et al. Health-related quality 
of life and anxiety in the PAN-CAN lung cancer screening cohort. BMJ Open. 
2019;9:e024719.

42. Centers for Disease Control and Prevention. Provisional COVID-19 deaths by 
sex and age. Updated 2022. https://data.cdc.gov/NCHS/Provisional-COVID-
19-Deaths-by-Sex-and-Age/9bhg-hcku. Accessed 19 Oct 2022.

43. Shaw PA. The history of cervical sreening I: the pap. Test J SOGC. 
2000;22:110–4.

44. American Cancer Society. Key statistics for cervical cancer. https://www.
cancer.org/cancer/cervical-cancer/about/key-statistics.html. Accessed 5 Dec 
2022.

45. National Cancer Institute SEER Program. Cancer stat facts: cervical cancer. 
https://seer.cancer.gov/statfacts/html/cervix.html. Accessed 5 Dec 2022.

46. Tafazzoli A, Ramsey SD, Shaul A, Chavan A, Ye W, Chung KC, Kansal AR, Fen-
drick AM. Drivers of Value-Based Pricing (VBP) for a Multi-Cancer Early Detec-
tion (MCED) Test. In. Presented at the Academy of Managed Care Pharmacy 
(AMCP) 2022 Annual Meeting; March 29 April 1, 2022; Chicago, IL.

47. Pinsky PF, Miller E. Use and outcomes of low-dose CT scan lung cancer 
screening in the medicare population. Chest. 2022;162:721–9.

48. Nunez ER, Caverly TJ, Zhang S, Glickman ME, Qian SX, Boudreau JH, Slatore 
CG, Miller DR, Wiener RS. Adherence to follow-up testing recommendations 
in US veterans screened for lung cancer, 2015–2019. JAMA Netw Open. 
2021;4:e2116233.

49. Bernstein E, Bade BC, Akgun KM, Rose MG, Cain HC. Barriers and facilitators 
to lung cancer screening and follow-up. Semin Oncol. 2022. https://doi.
org/10.1053/j.seminoncol.2022.07.004. Online ahead of print.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://wayback.archive-it.org/5774/20220413182825/https://www.healthypeople.gov/2020/leading-health-indicators/2020-lhi-topics/Clinical-Preventive-Services/data
https://wayback.archive-it.org/5774/20220413182825/https://www.healthypeople.gov/2020/leading-health-indicators/2020-lhi-topics/Clinical-Preventive-Services/data
https://wayback.archive-it.org/5774/20220413182825/https://www.healthypeople.gov/2020/leading-health-indicators/2020-lhi-topics/Clinical-Preventive-Services/data
https://ecchc.economics.uchicago.edu/files/2021/08/VSL-Scientic-Lit-Review-U-Chicago.pdf
https://ecchc.economics.uchicago.edu/files/2021/08/VSL-Scientic-Lit-Review-U-Chicago.pdf
https://wayback.archive-it.org/5774/20220414131934/https://www.healthypeople.gov/2020/topics-objectives/topic/cancer/objectives#4053
https://wayback.archive-it.org/5774/20220414131934/https://www.healthypeople.gov/2020/topics-objectives/topic/cancer/objectives#4053
https://wayback.archive-it.org/5774/20220414131934/https://www.healthypeople.gov/2020/topics-objectives/topic/cancer/objectives#4053
https://www.cdc.gov/nchs/nhis/index.htm
https://data.cdc.gov/NCHS/Provisional-COVID-19-Deaths-by-Sex-and-Age/9bhg-hcku
https://data.cdc.gov/NCHS/Provisional-COVID-19-Deaths-by-Sex-and-Age/9bhg-hcku
https://www.cancer.org/cancer/cervical-cancer/about/key-statistics.html
https://www.cancer.org/cancer/cervical-cancer/about/key-statistics.html
https://seer.cancer.gov/statfacts/html/cervix.html
https://doi.org/10.1053/j.seminoncol.2022.07.004
https://doi.org/10.1053/j.seminoncol.2022.07.004

	The aggregate value of cancer screenings in the United States: full potential value and value considering adherence
	Abstract
	Introduction
	Methods
	Data sources

	Results
	Population eligible for cancer screening
	Adherence to cancer screening
	Life-years gained
	Value of life-years gained

	Discussion
	Conclusions
	References


