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Abstract
Background Multi-cancer early detection (MCED) testing could increase detection of cancer at early stages, when survival 
outcomes are better and treatment costs are lower, but is expected to increase screening costs. This study modeled an MCED 
test for 19 solid cancers in a US population and estimated the potential value-based price (the maximum price to meet a 
given willingness to pay) of the MCED test plus current single cancer screening (usual care) compared to usual care alone 
from a third-party payer perspective over a lifetime horizon.
Methods A hybrid cohort-level state-transition and decision-tree model was developed to estimate the clinical and economic 
outcomes of annual MCED testing between age 50 and 79 years. The impact on time and stage of diagnosis was computed 
using an interception modeling approach, with the consequences of cancer modeled based on stage at diagnosis. The model 
parameters were mainly sourced from the literature, including a published case-control study to inform MCED test perfor-
mance. All costs were inflated to 2021 US dollars.
Results Multi-cancer early detection testing shifted cancer diagnoses to earlier stages, with a 53% reduction in stage IV cancer 
diagnoses, resulting in longer overall survival compared with usual care. Addition of MCED decreased per cancer treatment 
costs by $5421 and resulted in a gain of 0.13 and 0.38 quality-adjusted life-years across all individuals in the screening pro-
gram and those diagnosed with cancer, respectively. At a willingness-to-pay threshold of $100,000 per quality-adjusted life-
year gained, the potential value-based price of an MCED test was estimated at $1196. The projected survival of individuals 
diagnosed with cancer and the number of cancers detected at an earlier stage by MCED had the greatest impact on outcomes.
Conclusions An MCED test with high specificity would potentially improve long-term health outcomes and reduce cancer treat-
ment costs, resulting in a value-based price of $1196 at a $100,000/quality-adjusted life-year willingness-to-pay threshold.
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1 Introduction

With 9.6 million deaths in 2018, cancer is the second leading 
cause of mortality worldwide [1, 2]. In that same year, more 
than 600,000 people died from cancer in the USA alone, 
while almost 2 million new cases were diagnosed [2]. From 
1990 to 2015, however, the cancer mortality rate declined 
by 25% in the USA, with greater decreases for breast cancer 
(39% among women) and colorectal cancer (44% among 
women; 47% among men), partly owing to an increased use 
of screening programs [3]. The majority of cancer mortal-
ity in the USA occurs as a consequence of cancers without 
current recommended screening programs [4]. In 2020, the 
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Key Points for Decision Makers 

Multi-cancer early detection tests present a potential 
paradigm shift in screening by simultaneously screening 
for multiple types of cancer.

A hybrid state-transition and decision-tree model was 
developed to estimate the potential value-based price 
of annual multi-cancer early detection test plus usual 
care screening versus usual care alone in US adults aged 
50–79 years from a third-party payer perspective.

Our findings demonstrated that an earlier diagnosis 
with multi-cancer early detection resulting from a stage 
and time shift may lead to improved patient survival, 
increased quality-adjusted life-years, and lower per-case 
treatment costs when compared with usual care.

economic burden of cancer care increased from $125 bil-
lion in 2010 to $207 billion (66%) [5]. The ability to detect 
early-stage cancer may lead to more effective treatment and 
reduce the high cost of late-stage treatment.

The US Preventive Services Task Force and the National 
Comprehensive Cancer Network recommend various screen-
ing approaches for common cancer types [2, 6], for which 
mortality reduction has been established in specific groups 
[7, 8]. However, current screening methods are only applica-
ble to one specific cancer type and can be invasive.

Moreover, single cancer screenings are only available 
for the most common cancers. Screening for a single lower 
incidence cancer requires screening larger numbers of indi-
viduals to detect a cancer, which can create high burdens 
associated with false positives for each cancer found, as 
well as a challenging cost-effectiveness balance. Screening 
for multiple cancers simultaneously may help address these 
challenges. Recently, multi-cancer early detection (MCED) 
genomic blood tests that can simultaneously screen for mul-
tiple types of cancer have been developed, and an analysis 
has been published suggesting the potential of these tests to 
be cost effective [9–12].

The objective of this study was to explore the clinical and 
economic implications of an MCED test for 19 solid can-
cers for US adults who had not previously been diagnosed 
with cancer and to estimate the potential value-based price 
(VBP) of adding the MCED test to current single cancer 
screening (usual care) [i.e., breast, prostate, lung, cervical, 
and colorectal] versus usual care alone from a third-party 
payer perspective over a lifetime horizon. The VBP for an 
intervention is the maximum price at which a specified cost-
effectiveness ratio, or a willingness-to-pay (WTP) threshold, 

is reached. A $100,000 WTP threshold per quality-adjusted 
life-year (QALY) gained was considered for the base-case 
analysis, following studies in cancer screening [13] and esti-
mates of US payer thresholds [14]. Other WTP thresholds 
were explored in scenario analyses. The impact of varia-
tions in key model parameters and assumptions were tested 
through sensitivity and scenario analyses.

2  Methods

2.1  Model Structure

A hybrid cohort-level model with two key components was 
developed to efficiently capture the impact of screening on 
stage dynamics across multiple cancer types (Fig. 1): (1) 
a state-transition structure with a 1-year cycle length esti-
mating the number of cancers diagnosed within a patient 
cohort over a lifetime and (2) a decision-tree component 
estimating the clinical and economic consequences of inci-
dent cancers diagnosed. A patient cohort entered the model 
at age 50 years and received annual MCED testing until age 
79 years. Patient survival, cost, and quality-of-life measures 
were calculated both pre-diagnosis and post-diagnosis. The 
model approach and assumptions were validated by clini-
cians throughout the model’s development. Further details 
of the model justification can be found in the Electronic 
Supplementary Material (ESM). Both costs and benefits 
were discounted at 3% per year and all costs were inflated to 
2021 US dollars using the US Bureau of Economic Analysis 
price index for personal consumer expenditures for health-
care [15].

The model estimated the fraction of the population with 
cancer diagnoses in the usual care arm based on age-specific 
and stage-specific cancer incidence rates for each cancer 
type. Incidence rates were derived from the Surveillance, 
Epidemiology, and End Results Program (SEER) [16, 17] 
(see Table 1 of the ESM). Recommended screening proto-
cols, adherence to these recommendations, and subsequent 
diagnostic work-ups for cancers with current screening were 
derived from National Comprehensive Cancer Network and 
US Preventive Services Task Force guidelines, the literature, 
and the Behavioral Risk Factor Surveillance System (see 
Table 2 of the ESM) [18–23].

A published case-control study was mainly used to inform 
the inputs on test performance in the MCED arm [10]. 
Patients with cancer could, based on the sensitivity of the 
MCED test (Table 3 of the ESM), be detected earlier in time 
and therefore earlier in disease progression than with usual 
care screening alone. This earlier diagnosis with MCED 
is modeled by shifting the stage and time of diagnosis in 
the MCED arm relative to the usual care arm [24]. Here, a 
‘stage shift’ refers to a shift in the stage of diagnosis from 
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later stages to earlier stages (e.g., from stage III to I), and a 
‘time shift’ refers to a diagnosis being shifted back in time 
to an earlier age to account for an earlier diagnosis (exam-
ple shown in Fig. 1). The probability that a cancer is stage 
shifted (detected at an earlier stage relative to usual care) is 
dependent on MCED test sensitivity to that cancer type and 
the likelihood that the patient was screened with the MCED 
test while the cancer was present at an earlier stage. The 
extent to which a cancer that is stage shifted is shifted to an 
earlier age is dependent on the speed at which that cancer 
type progresses. The compliance rate for the MCED test was 
set to 90%, slightly higher than the adherence reported to 
regular cancer screenings based on commercial claims data 
[25] (e.g., breast, colorectal, cervical), reflecting the relative 
ease of a blood draw versus existing screening modalities, 
with a range of compliance tested in sensitivity analyses. 
More details about MCED test characteristics are discussed 
in the ESM.

Patients diagnosed with cancer during each cycle had 
their remaining survival and the cost and QALYs they 
accrued estimated based on their diagnosis age, cancer 

type, and stage. Stage-based treatment costs derived from 
SEER-Medicare adjusted with a cost multiplier [26, 27] as 
well as utilities [28] based on stage-specific utility multipli-
ers estimated from the literature [29–39] (Tables 4–5 of the 
ESM) were assigned upon diagnosis and accrued for up to 5 
years post-diagnosis, after which time the general population 
utility was assumed restored. Stage-based survival (Table 6 
of the ESM) was assigned at diagnosis for the duration of 
the model time horizon. Background mortality was derived 
from US life tables, while post-diagnosis mean survival was 
derived from SEER [40, 41].

The model also accounted for a misdiagnosis resulting 
from MCED testing as well as false-positive patients result-
ing from screening and their corresponding work-up costs 
and disutility. Patients not diagnosed with cancer as well as 
false-positive patients stayed in the state-transition structure 
and continued screening and accrued QALYs based on age-
based utility until the end of the screening period (i.e., when 
diagnosed with cancer, died, or reached the end of time hori-
zon). Screening costs and costs associated with misdiagnosis 
were also considered in the model (see Table 7 of the ESM).

Fig. 1  Overview of the model structure with an example of stage 
and time shifting of diagnosed cancers due to a multi-cancer early 
detection (MCED) test. a *False-positive patients (in asymptomatic/
no cancer group) and those misdiagnosed because of a wrong can-
cer signal origin (in detected cancer group) accrued additional work-
up costs and disutilities before being accurately assigned to having 

cancer or not. b An individual who will be diagnosed with cancer at 
stage III under usual care (left), may (i) have the same cancer diag-
nosis with MCED testing, (ii) the cancer detection shifted to stage II 
and an earlier age, or (iii) the cancer detection shifted to stage I and 
an even earlier stage. Note: Patients can die from background mortal-
ity during the pre-diagnosis phase



1110 A. Tafazzoli et al.

2.2  Key Model Components

2.2.1  Stage Shift and Time Shift

Stage and time shift were estimated based on a previously 
published interception model [24]. The interception model 
has a state-transition flow structure designed to compute the 
proportion of cancers intercepted by MCED screening. It 
uses inputs on the frequency of MCED screening, estimated 
cancer dwell times by stage, and the sensitivity of the MCED 
test for different cancer types and stages and generates a 
set of upper-triangular cancer-specific matrices on the prob-
ability of a stage shift from each cancer stage to all earlier 
stages. The stage shift probability matrices used in the base-
case analysis are listed in Table 8 of the ESM. Figure 1 of 
the ESM shows an example of a stage shift with lung cancer.

After diagnosed patients were stage shifted in each model 
cycle, they were shifted back in time to earlier cycles to 
account for an earlier diagnosis with the MCED test. This 
shift in time was based on cancer-specific dwell times (see 
Table 9 of the ESM) and are consistent with results from a 
Delphi panel of clinical experts [24]. The time-shift distribu-
tion for single-stage transitions was based on the exponential 
distribution of the mean dwell time for each stage and can-
cer. The time-shift distribution for multi-stage transitions 
(i.e., stage IV to I, IV to II, III to I) was based on an empiri-
cal distribution for each cancer created by combining the 
exponential distribution for each stage’s dwell time.

2.2.2  Overdiagnosis

To understand the potential impact of overdiagnosis due to 
the MCED test detecting cancer in patients who would have 
died with undetected cancer, overdiagnosis was considered 

in the model. In the base case, 5% of patients who died of 
non-cancer mortality were assumed to have undiagnosed 
cancer at death based on an evidence-reported prevalence of 
cancer not associated with mortality in autopsy studies. [42] 
Cancers that remained undiagnosed at death were assumed 
to be distributed into stages I, II, III, and IV in proportion to 
observed cancer-specific and stage-specific incidence rates. 
These patients could have cancers stage and time shifted by 
MCED testing such that their cancers were diagnosed prior 
to the non-cancer mortality.

2.3  Sensitivity and Scenario Analyses

A series of one-way sensitivity analyses was conducted 
to evaluate changes in key parameter values (Table 1). In 
addition, several scenario analyses were performed to test 
specific clinical assumptions. To understand the impact of 
MCED among cancers with common screening versus those 
without, a scenario was performed excluding breast, cervi-
cal, colorectal, and prostate cancers from the list of can-
cers that could be detected by MCED. Lung cancer was not 
excluded as the majority of lung cancers occur in individuals 
ineligible for screening, and uptake among those eligible for 
screening remains low [21, 23].

Another scenario tested the impact of mortality during 
the lead time by including an option to consider iatrogenic 
harm in patients who were stage shifted back in time because 
of early detection. As the proportion of patients with iat-
rogenic mortality cannot exceed the proportion of patients 
who would have died from cancer during the lead time, this 
fraction was conservatively assumed the same and based on 
the observed mortality of cancer by type and stage in the first 
3 months after diagnosis. Another scenario evaluated the 
implications of considering MCED test on an ever-smoking 

Table 1  Sensitivity analyses

MCED multi-cancer early detection

# Key parameter changes

1 Compliance lowered to 80%; increased to 100%
2 Screening age 50–64 years
3 Screening age 65–79 years; use Medicare costs
4 Cancer incidence varied ±20%
5 Sensitivity associated with “other” cancers will be equal to (a) kidney and renal 

pelvis cancer (i.e., the cancer with the lowest mean sensitivity across all stages) and 
(b) lung cancer (i.e., the cancer with mid-range mean sensitivity across all stages)

6 Dwell time will be varied to (a) slow, (b) medium, and (c) fast
7 False-positive work-up costs varied ±20%
8 Disutility for false-positive work-ups varied ±50%
9 Cancer treatment costs varied ±20%
10 Disutilities due to cancer varied ±50%
11 Reduction in the difference between cancer survival and background survival by 20%
12 Lower MCED test sensitivity by 20%
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population, who have a higher cancer incidence risk in at 
least ten cancers (relative risks shown in Table 10 of the 
ESM). Additional scenarios were also explored on the 
number of cancer types detected by the MCED test using a 
stepped approach based on the incidence and sensitivity, by 
varying the overdiagnosis rate, and by considering alterna-
tive WTP thresholds.

2.4  Data Availability

The data generated in this study are available herein and in 
the ESM.

3  Results

3.1  Base‑Case Analyses

Using a lifetime analysis of a cohort of 100,000 individu-
als not previously diagnosed with cancer, the addition of 
annual screening with an MCED test led to a lower per case 
cancer diagnosis and per-case treatment costs, and increased 
QALYs when compared with usual care. Diagnosis of all 
cancers with MCED was shifted to earlier stages compared 

with usual care (see Fig. 2 and Table 11 of the ESM), and 
MCED testing resulted in an additional 374 diagnoses (89% 
from stages I and II) than usual care screening associated 
with overdiagnosis. For example, 3192 and 2021 more 
patients were diagnosed in stages I and II, respectively, and 
1136 and 3704 fewer patients were diagnosed in stages III 
and IV, respectively, resulting in longer overall survival 
(0.39 additional life-years [LYs]) across individuals diag-
nosed with cancer, even with 8719 additional FP diagnoses 
and 860 inaccurate cancer signal origins associated with 
MCED testing. With approximately 28.9% of the popula-
tion developing a cancer during the screening interval (vs 
28.3% under usual care only), the overall screening popula-
tion gained an average of 0.14 LYs and 0.13 QALYs.

Using base-case inputs and applying a 3% health and 
cost discount rate across all model outcomes, the maximum 
value-based MCED screening test cost at WTP thresholds 
of $100,000/QALY was $1196/test. Using this test cost, 
the overall cost per person in the MCED arm was $12,919 
more than in the usual care arm. The overall cost difference 
between the two study arms were due to higher screening 
costs ($17,941 additional) and additional work-up costs 
($399 additional) in the MCED arm. These costs were par-
tially offset by lower cancer treatment costs in the MCED 

Fig. 2  Number of patients diagnosed with cancer (overall total and 
example cancers). Note: The total number of cancers diagnosed by 
multi-cancer early detection (MCED) plus usual care are higher than 
those diagnosed by the usual care arm alone as the base case con-

siders overdiagnosis. Overall stage shift represents a combination of 
cancers that have a substantial stage shift due to MCED (e.g., esopha-
geal) and those with a more modest stage shift (e.g., hormone recep-
tor positive [HR+] breast cancer)
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arm compared with the usual care arm ($5421 less) due to 
stage and time shifting in the MCED arm (Fig. 3).

3.2  Sensitivity Analyses

The results of sensitively analyses are shown in a tornado 
diagram (Fig. 4). Reducing the difference between cancer 
survival and background mortality, cancer incidence, low-
ering MCED test sensitivity, and using a fast dwell time in 
the model resulted in the most variation in the incremental 
cost-effectiveness ratio (ICER). Parameters that were less 
influential on results were work-up costs associated with 
false positives (FPs), disutility due to cancer, and disutil-
ity associated with additional FP work-ups as only a small 
minority of FPs were related to the MCED test. Detailed 
results are shown in Table 12 of the ESM.

When compliance was changed from 90% in the base 
case to 80% and 100%, the proportion of cancers diagnosed 
in stages I and II reduced by 0.3% and increased by 0.3%, 
respectively from the base case. This percentage decreased 
by 1.4% when an older Medicare population was examined 
in the model and even fewer patients were being screened 
and diagnosed at earlier stages because of the older age of 
the population and decreased by 7.3% when screening was 
limited to a population aged 50–64 years. Further, more 
patients were diagnosed in stages I and II when the model 
used slower dwell times than in the base case (2.6% more 

with slow, 1.6% more with medium) as longer periods in 
each stage result in fewer interval cancers.

3.3  Scenario Analyses

As part of the scenario analyses, overdiagnosis was varied 
by assuming no overdiagnosis occurred in the model (0%) 
or a higher proportion of patients were diagnosed before 
death (10%). In the former scenario, overall costs per per-
son decreased by $556 while in the latter scenario this cost 
increased by $556 and the resulting ICERs changed accord-
ingly (i.e., $94,819, and $105,278 vs $100,000) (Table 13 
of the ESM).

When iatrogenic harm was considered, a conservative 
assumption was made that all deaths within the first 3 months 
following diagnosis were due to iatrogenic harm and thus 
would be present immediately following early cancer detec-
tion. These patients did not accrue any utilities or treatment 
costs after this time. Compared with the base-case analy-
sis, this led to lower overall incremental costs (−$11,940 vs 
−$12,919) and QALYs per person (0.12 vs 0.13 QALYs), 
resulting in an ICER of $101,508/QALY. When expanding 
this scenario to assume that iatrogenic harm only impacts 
QALYs gained and patients affected would nonetheless have 
accrued costs similar to those incurred over 5 years in the 
base case, the ICER increased to $109,828/QALY.

Fig. 3  Base-case cost outcomes (lifetime cost per person). MCED multi-cancer early detection. Note: All reported cost outcomes are discounted
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In a population of ever-smokers, more patients compared 
with usual care were diagnosed in earlier stages than in the 
base case (e.g., 7508 vs 5214 in stages I and II), which led 
to higher incremental LYs and QALYs (0.19 vs 0.14 LYs 
and 0.18 vs 0.13 QALYs), and lower overall incremental 
costs ($10,881 vs $12,919), resulting in an ICER of $60,282/
QALY.

When MCED testing was limited to detecting only can-
cers not commonly screened for, fewer patients were stage/
time shifted than in the base case. The scenario results 
showed lower incremental QALYs and higher incremen-
tal costs than in the base case (0.08 vs 0.13 QALYs and 
$16,163 vs $12,919 costs), resulting in a higher ICER of 
$205,444/QALY. When using additional thresholds of cost 
effectiveness at $50,000/QALY and $150,000/QALY, the 
VBP decreased/increased by 36% from $1196 in the base 
case to $767 and $1625, respectively.

The impact of the number of cancer types detected by 
the MCED test was explored in more detail using a stepped 
approach based on test sensitivity and incidence to create 
hypothetical alternate versions of MCED tests (Fig. 5). 
These analyses found that capturing the benefit of MCED 
may require the ability to screen for 15 or more of the can-
cer groups considered here, representing a large majority of 
all solid cancer incidence. Specifically, the MCED test was 
first assumed to be sensitive only to the five cancers with 
the highest sensitivity associated with the MCED test. Next, 
the MCED test was assumed to be sensitive to ten cancers 
with the highest sensitivity associated with the MCED test. 
This stepped analysis was repeated using incidence as the 

determining factor for grouping cancers in sets of five. When 
the grouping was based on cancers associated with the high-
est test sensitivity, the first five cancers yielded 39.7% (0.05 
QALYs) of the total incremental QALYs (0.13 QALYs) 
gained from all 19 cancers, while adding the next group of 
cancers yielded 73.6% (0.10 QALYs) of the total incremen-
tal QALYs gained in the base case. When 15 cancers were 
included in the analysis, an overall incremental gain of 0.13 
QALYs was seen yielding 98.0% of the total incremental 
QALYs gained in the base case.

The first five cancers based on the highest incidence 
yielded 60.7% (0.08 QALYs) of the total incremen-
tal QALYs gained (0.13 QALYs) from the total cancers 
included in the base case. The addition of the next five can-
cers contributed to 81.3% (0.10 QALYs) of total incremental 
QALYs gained, and the top 15 cancers yielded 97.3% (0.13 
QALYs) of total incremental QALYs gained. All scenarios 
(including grouping based on sensitivity and incidence) had 
higher incremental costs than the base case corresponding 
to the reduction in cancers detected earlier.

4  Discussion

This modeling study aimed to evaluate the clinical and eco-
nomic outcomes of the addition of a MCED test to usual 
care screening and predict its potential VBP. These study 
results show an earlier diagnosis with MCED resulting from 
stage and time shifts may lead to improved patient survival 
and lower per-case treatment costs. Specifically, per 100,000 

Fig. 4  Tornado diagram of sensitivity analyses. MCED multi-cancer early detection. Note: Sorting based on the greatest to least variation in 
change from $100,000/quality-adjusted life-year incremental cost-effectiveness ratio
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individuals not previously diagnosed with cancer, 4882 more 
patients were diagnosed with cancers in stages I and II in 
the MCED arm versus usual care alone. However, higher 
screening and work-up costs (including misdiagnosis) were 
found in the MCED strategy. Maximizing the breadth of 
cancers detected is essential to achieving the health eco-
nomic benefits of MCED as capturing unscreened cancers, 
less prevalent cancers, and cancers missed by current screen-
ing each contribute significantly to the potential long-term 
benefits of MCED. At a WTP threshold of $100,000/QALY, 
the estimated VBP for the MCED test was $1196 from a US 
third-party payer perspective. Because of a lack of a standard 
WTP threshold for US third-party payers, alternative thresh-
olds were explored in the scenario analysis where the lowest 
estimated VBP was $767/test at a $50,000/QALY threshold.

Sensitivity analyses highlighted that in the parameter 
ranges tested, the impact of MCED is largely driven by the 
number of cancers found (test sensitivity, cancer incidence), 
the potential survival benefits, dwell time, and the poten-
tial reductions in treatment costs following diagnosis. The 
largest change in the ICER was observed in the sensitiv-
ity analysis in which survival post-diagnosis improved to 
be closer to the background mortality rate of the general 
population. In this analysis, an approach was chosen such 
that the applied changes in survival were larger for cancers 
diagnosed in later stages, which had the anticipated effect 
of reducing the clinical benefit of early detection. Because 
of the increase in treatment costs associated with longer sur-
vival, however, early detection resulted in a greater reduction 
in treatment costs in this analysis. This dynamic was also 
observed in the scenario analysis in which iatrogenic harm 
was considered. Adding early mortality was associated with 
fewer incremental QALYs than the base case, but in turn 

also reduced the costs of treating late-stage cancers. How-
ever, the impact of the lost QALYs was more important, and 
the ICER rose modestly with the introduction of iatrogenic 
harm. Extended survival is the most important benefit of 
screening and expanded sensitivity analyses, including for 
example cure-fraction modeling, which will provide addi-
tional insight into the trade-off between clinical benefit and 
treatment cost changes afforded by MCED.

The ICER was strongly influenced by the number of can-
cers diagnosed in earlier stages, including when a variation 
in parameters changed the cancer incidence in the popula-
tion, the sensitivity of cancers being detected by the MCED 
test, or tumor progression rates (which impacts the likeli-
hood of interval cancers). In all of these analyses, changes 
that reduced the number of cancers detected by the MCED 
test corresponded to a worsening ICER, with both the 
clinical benefit and the offsets in treatment costs reduced. 
The opposite effects occurred for changes that increased 
the number of cancers detected, corresponding to a more 
favorable ICER. For example, the ICER in the ever-smoker 
population was improved by over 40% compared with the 
general population, which may highlight the magnitude of 
potential benefit in other high-risk populations (e.g., cancer 
survivors) not modeled in this study.

The results of the model were not largely changed when 
harms from screening were varied. In the scenario in which 
overdiagnosis was not considered, treatment costs decreased, 
but the overall ICER remained within $6000 of the base 
case. Similarly, in sensitivity analyses increasing the costs 
or quality of life penalties of false positives, ICERs wors-
ened, but only very modestly. This reflects the characteris-
tics of the MCED test modeled here, which has very high 

Fig. 5  Results from stepped inclusion scenario analyses (sensitiv-
ity and incidence). An anus, Bl bladder, Br- breast HR-, Br+ breast 
HR+, Ce cervix, CR colon and rectum, Es esophagus, HN head and 
neck, KR kidney and renal pelvis, LI liver and intrahepatic bile duct, 

LB lung and bronchus, LM lymphoma, Oth other, Ov ovarian, Pa pan-
creas, Pr prostate, QALY quality-adjusted life-year, St stomach, Ur 
urothelial, Ut uterus
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specificity (99.5%) and thus imposes the burden of false 
positives on a small fraction of screened individuals.

This study has some assumptions and limitations, and 
where possible, conservative assumptions have been made 
throughout this analysis. The model is primarily based on 
a previously published interception model, thus all assump-
tions associated with that model hold true in this analysis 
[24]. Specifically, invasive cancer is assumed to be a pro-
gressive disease; the raw sensitivity (the population fraction 
that can be detected by stage in an unmodified population) 
depends on the stage and is increasing by the stage; the mor-
tality benefit from a stage shift is due to the stage at diag-
nosis being different than the stage at clinical presentation; 
and individuals cannot die before clinical presentation would 
have occurred. [43] FPs associated with the MCED test are 
in addition to the FPs based on usual care screening tests and 
are based on the specificity of the MCED test. The model 
assumes FPs will return to the cohort for additional cancer 
screening. Further, the model assumes the same overdiag-
nosis rate and cancer signal origin accuracy in the MCED 
test for all cancer types and stages. More detailed representa-
tion of the impact of overdiagnosis, FPs, and cancer signal 
origin accuracy as further data permits will allow this limi-
tation to be avoided, but the modest impact of these inputs 
on the ICER in sensitivity analyses suggests that the addi-
tional detail is unlikely to meaningfully impact the results 
of the analyses. The model used the most relevant adher-
ence data from regular cancer screening and specific MCED 
test characteristics to inform its compliance rate but there is 
uncertainty around this parameter, which was explored in 
the sensitivity analysis. The cancer treatment cost data origi-
nated from 2016 but since then several new, often expensive 
drugs have been introduced and utilized that could poten-
tially underestimate the value of MCED screening in this 
analysis. However,, no treatment cost was assumed after 5 
years, which might not be the case for less aggressive can-
cers. To assess the full scope of potential costs and benefits, 
the base-case analysis included screening from ages 50 to 79 
years, which includes both commercial and Medicare payers, 
but the results of the two alternative screening age groups/
cost source (i.e., 50–64 years, 65–79 years) indicated that the 
selected base-case settings result in a conservative estimate 
of the VBP for the MCED test.

Importantly, the model assumes historical survival from 
the general population is applicable to cancers detected by 
MCED due to a lack of available data and that changes in 
the stage due to screening will result in changes in mor-
tality. While ongoing and future studies will provide new 
insight into these mortality effects, data on the effects of 
MCED on mortality are not yet available. Similarly, the real-
world performance of MCED testing may also differ from 
the assumed performance here. Further, the model does not 
explicitly account for the additional post-diagnosis risk of 

developing cancer later in life. Cancer recurrence or patients 
who have multiple types of cancers are not explicitly con-
sidered, but the mean survival from the first cancer assigned 
to patients implicitly includes the effect of recurrence on 
mortality. This implicit approach does not allow considera-
tion of the impact of resuming screening in individuals with 
a cancer history. Individuals with a cancer history, however, 
have a higher incidence of future cancers, which is associ-
ated with improved cost effectiveness of MCED screening 
in our sensitivity analyses. Thus, resumption of screening 
in the population after the initial cancer diagnoses might be 
anticipated to improve cost effectiveness.

5  Conclusions

Screening with an MCED test in addition to usual care for 
multiple types of cancer can lead to earlier cancer detection, 
which may improve patient survival and lower treatment 
costs. These benefits are maximized as more cancers are 
included in the MCED test or as test sensitivity increases. 
The results on VBP can provide a foundation for healthcare 
decision makers to understand the potential clinical and eco-
nomic value of an MCED test.
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