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Aim: Cancer poses a substantial health and economic burden in the US Although early detection is
associated with improved outcomes and lower treatment costs, many cancers are still diagnosed at
advanced stages. Enhanced multimodal screening combining whole-body magnetic resonance imaging
(WB MRI) and blood-based multicancer early detection (MCED) may shift diagnoses earlier, but its long-
term economic impact remains uncertain. Materials & methods: We developed an economic model to
estimate expected cancer-related costs under two scenarios: status quo with conventional screening and
enhanced multimodal screening incorporating WB MRI and MCED. The analysis included common cancers
with an annual incidence of >10,000 new cases in the US in 2025. Expected cancer management costs were
estimated using incidence-based 5-year stage-specific medical costs. Productivity losses were estimated
using a simplified human capital approach, applying published stage-specific work-loss durations to sex-
specific annual earnings. Under the intervention arm, conservative, moderate and maximum cancer stage-
shift assumptions were evaluated. These scenarios reflected increasing degrees of earlier cancer detection,
with a greater proportion of cancers assumed to be diagnosed at earlier stages rather than at advanced
stages. Total expected cancer-related costs per person were derived by combining direct medical costs
and productivity losses, weighted by cancer risk and stage distribution. Results: Under the status quo,
expected cancer-related costs were estimated at $74,431 for men and $78,818 for women. With enhanced
multimodal screening under the moderate stage-shift assumption, costs, including screening and false
positive workup, declined to about $66,000 and $69,500, respectively, representing approximately 12%
reduction. Under the conservative stage-shift assumption, total costs were similar to those under the
status quo, whereas under the maximum stage-shift assumption, cost reductions ranged from 24.0%
to 24.3% for men and from 24.7% to 25.0% for women. Conclusion: Enhanced multimodal screening
may reduce the economic burden of cancer by shifting diagnosis toward earlier stages, although the
magnitude of benefit depends substantially on the extent to which cancers are detected at earlier stages
in practice. These findings highlight the potential long-term economic value of earlier cancer detection
while underscoring the need for prospective evidence on the real-world performance of WB-MRI and
MCED screening strategies. Because long-term real-world data for population-level WB-MRI and MCED
screening remain limited, these findings should be interpreted as estimates of potential economic impact
rather than projections of a specific screening program.

Plain language summary: Could whole-body MRI & multicancer blood tests reduce the long-term cost of
cancer?

What is this article about? Cancer causes a major health and financial burden in the US. Finding cancer
earlier may improve outcomes and reduce treatment costs. This study used an economic model to estimate
the potential impact of combining whole-body MRI and blood-based multicancer early detection tests to
identify cancer at earlier stages.

What were the results? Under current cancer diagnosis patterns, the expected cancer-related cost burden Py
was estimated at about $74,000 per man and $79,000 per woman. In the main analysis, earlier cancer % .Becang
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detection through enhanced multimodal screening reduced these costs by approximately 12%, even after
accounting for screening and follow-up testing costs. Greater shifts toward early-stage diagnosis produced
larger savings, while smaller shifts resulted in little or no cost reduction.

What do the results mean? Why is this important? These findings suggest that earlier cancer detection
through whole-body MRI and multicancer blood testing could reduce the economic burden of cancer
by lowering treatment costs and productivity losses associated with advanced disease. However, the
results are based on a model and assumptions about future screening performance rather than real-world
population screening data. Further prospective studies are needed to confirm the actual benefits, costs
and potential harms of these screening strategies.

First draft submitted: 8 May 2026; Accepted for publication: 5 October 2026; Published online:
11 November 2026

Keywords: cost analysis e early detection of cancer e health care economics e health expenditures e liquid biopsy
e Magnetic resonance imaging e mass screening e productivity loss e US

Cancer remains a leading cause of morbidity and mortality worldwide, with early detection being a critical factor
in improving survival rates and reducing treatment costs [1]. In the US, the financial burden of cancer is substantial,
with direct medical costs exceeding $200 billion annually and lost societal cost of about $286 billion due to lost
productivity and other indirect effects contributing significantly to the national healthcare expenditure [2,3]. Recent
studies have highlighted the economic benefits of early cancer detection, estimating that cancer screenings have
saved the US healthcare system at least $6.5 trillion over a 25-year period [4].

Traditional cancer screening methods, including mammography for breast cancer, colonoscopy for colorectal
cancer, pap smears for cervical cancer and low-dose CT for lung cancer, have been widely implemented and con-
tribute to earlier detection and improved survival for specific cancers. Mammography sensitivity across modalities,
including screen-film, digital mammography and digital breast tomosynthesis, is reported between 55 and 91%
with generally high specificity (5. Colonoscopy remains the gold standard for colorectal cancer screening, with
sensitivity for detecting colorectal cancers and larger adenomas often 90-95% [6]. Pap smear screening has been
associated with a substantial reduction in cervical cancer incidence in the US [7]. Despite these benefits, these
cancer-specific approaches detect only a subset of malignancies and often miss early-stage disease across the broader
cancer spectrum.

Enhanced multimodal screening, including whole-body magnetic resonance imaging (WB MRI) and blood-
based multicancer early detection (MCED), offers the potential to detect various cancers simultaneously at earlier,
more treatable stages (8-15. WB MRI can detect previously unrecognized cancers in approximately 1.1-1.7% of
screened, asymptomatic individuals (16,171, while blood-based MCED tests have an overall detection rate of around
0.5% [14]. Although clinical evidence of these technologies is present, it remains constrained [17. The paucity of
economic evidence is even greater.

A key concern with highly sensitive screening is overdiagnosis, particularly the detection of low-grade cancers
that may not require immediate treatment and could lead to unnecessary intervention [18,19]. However, imaging
based screening is designed not only for detection but also for risk stratification, enabling discrimination between
low- and high-grade disease and supporting longitudinal monitoring [20]. Extensive clinical evidence from prostate
cancer and other indolent malignancies, such as small renal masses, demonstrates that active imaging surveillance for
low-risk disease achieves comparable cancer-specific survival with reduced treatment-related morbidity and lower
costs compared with upfront intervention [21-23]. Viewed this way, enhanced imaging screening with WB MRI
guides early intervention for high-grade cancers and avoid unnecessary treatment in low-risk disease by enabling
surveillance-based management.

This study aims to evaluate the cost savings associated with implementing enhanced multimodal screening for
common cancers with an annual incidence of at least 10,000 new cases in the US as of 2025.

Materials & methods

Overview

We developed a cancer stage-shift economic model to evaluate the potential economic impact of enhanced multi-
modal screening using WB-MRI and MCED for the early detection of cancer in the US. The model was designed to

estimate the economic consequences of alternative stage distributions at diagnosis. Specifically, the model assumed
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varying degrees of cancer stage shift, whereby a greater proportion of cancers are diagnosed at earlier stages rather
than at more advanced stages as a result of enhanced screening. The model evaluated direct medical costs and
productivity losses attributable to common cancers with an estimated annual incidence of >10,000 cases in 2025
in the US, under two alternative scenarios: a status quo without intervention and an intervention incorporating en-
hanced multimodal screening. Under scenario 2, we incorporated the estimated costs of WB MRI and blood-based
MCED screening. Cost savings were defined as the difference in expected costs between these two scenarios, with
savings attributed to earlier detection of cancer leading to less costly treatment and reduced productivity losses.

Cancer types & incidence

Using 2025 Surveillance, Epidemiology, and End Results (SEER) program data, we identified the 17 most common
cancers in men and the 18 most common cancers in women, each with 10,000 or more estimated new cases in 2025.
(Table 1). For each cancer type, the number of incident cases and the distribution of stage at diagnosis (localized,
regional, distant) were obtained. Stage distributions were subsequently converted to American Joint Committee
on Cancer (AJCC) stages I-1V, based on expert opinion. Leukemia and myeloma were treated separately because
these hematologic malignancies do not use the AJCC stage I-IV classification system applied to solid tumors.
Consequently, stage distributions were not assigned for these cancers. Disease-specific aggregate cost estimates were
incorporated directly into the model using published sources [24], and these cancers were excluded from stage-shift
analyses. Observed SEER stage distributions were used directly in the status quo arm and therefore implicitly reflect
current screening practices, diagnostic pathways and real-world adherence in the US.

Cost of cancer management

For each cancer stage (stage I-1V), published sources were used to estimate stage-specific direct medical costs of
cancer management. Stage I was further divided into ‘early stage I’ and ‘remaining stage I, with costs and stage
distribution proportions derived from published data supplemented by expert input. The expected direct medical
cost for each cancer type was calculated as the weighted average of stage-specific costs, using the proportion of cases
diagnosed at each stage as weights.

Stage-specific cancer management costs were obtained from Reddy ez al. who estimated cancer-attributable
expenditures among US Medicare beneficiaries according to cancer type and stage at diagnosis. This represented
incidence-based cancer-attributable medical expenditures incurred during the first 5 years following diagnosis. We
summed the reported yearly costs to derive total 5-year management costs for each cancer-stage combination. All
costs were converted to 2025 US dollars. Because the source estimates were reported in 2025 US dollars and already
incorporated the timing of expenditures during follow-up, no additional discounting was applied in the present
analysis. The model assumes that relative differences in management costs between stages remain representative of
contemporary US practice.

For several cancer types, stage-specific cost estimates were unavailable from the primary source. In these in-
stances, costs were derived from clinically and economically comparable cancers identified from the literature.
Melanoma costs were assumed to be comparable to breast cancer costs based on published cost-of-illness estimates
demonstrating similar ranges of cancer-attributable expenditures [25]. Thyroid cancer costs were assumed to be
comparable to prostate cancer costs because both cancers are frequently diagnosed at an early stage and commonly
managed with surveillance-oriented approaches [26]. Brain and other nervous system cancers were assigned costs
comparable to pancreatic cancer because both are associated with intensive treatment requirements and high re-
source utilization [27]. These assumptions were applied only when cancer-specific stage-based cost estimates were
unavailable.

Productivity losses

Productivity losses were estimated using a simplified human capital approach. Average years of productivity loss
associated with cancer stage were obtained from published literature and expert opinion: early stage I: 0.3 years,
stage I: 0.3 years, stage II: 1.0 year, stage III: 1.5 years and stage IV: 2.6 years [28]. Lost productive time was valued
using sex-specific annual earnings obtained from US Bureau of Labor Statistics data: $72,739 for men and $59,599
for women [29]. For each cancer, expected productivity losses were calculated by multiplying stage-specific years of
productivity loss by annual earnings and weighting by stage distribution.
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Table 1. Common cancers in the U.S., 2025.

Cancer Estimated new cases in 2025, n
Male

Male

Prostate 313,780
Lung and bronchus 110,680
Colon and rectum 82,460
Bladder 65,080
Melanoma of the skin 60,550
Kidney and renal pelvis 52,410
Non-Hodgkin lymphoma 45,140
Oral cavity and pharynx 42,500
Leukemia 38,720
Pancreas 34,950
Liver and intrahepatic bile duct 28,220
Myeloma 20,030
Stomach 17,720
Esophagus 17,430
Brain and other nervous system 14,040
Thyroid 12,670
Larynx 10,110
Female

Breast 316,950
Lung and bronchus 115,970
Colon and rectum 71,810
Uterus 69,120
Melanoma of the skin 44,410
Non-Hodgkin lymphoma 35,210
Pancreas 32,490
Thyroid 31,350
Kidney and renal pelvis 28,570
Leukemia 28,170
Ovary 20,890
Bladder 19,790
Oral cavity and pharynx 17,160
Myeloma 16,080
Liver and intrahepatic bile duct 14,020
Cervix uteri 13,360
Stomach 12,580
Brain and other nervous system 10,780

Source: https://seer.cancer.gov/statfacts/.

Total cost estimation
For each type of cancer, total expected costs (direct medical costs plus productivity losses) were calculated by
summing the weighted averages of stage-specific costs and productivity losses. These were then aggregated across
all cancer types, weighted by the proportion of each cancer type in the total cancer incidence.

We estimated the lifetime risk of developing at least one of these cancers in the US population using SEER
lifetime risk estimates. The probability of developing any of common cancers was calculated as

1-JTa-2za
i=1
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where p; is the lifetime risk of cancer type i. Multiplying total expected costs among cancer patients by these
lifetime risks yielded the total expected cancer-related costs at the population level.

Intervention scenario & cost savings

In Scenario 2 (with intervention), the enhanced multimodal screening was assumed to occur biennially between ages
40 and 50 and annually from ages 51 through 75, based on expert opinion. Each individual would undergo a total
of 31 WB-MRI and MCED screening tests over their lifetime. The cost of a WB-MRI and an MCED screening was
assumed to be $400 and $300, respectively. Screening frequency and starting age were based on expert opinion and
were intended to represent a hypothetical long-term surveillance strategy rather than a recommendation derived
from clinical guidelines. Similarly, the assumed screening costs of WB-MRI and MCED were exploratory model
inputs reflecting anticipated future implementation costs and were evaluated to estimate the potential economic
implications of eatlier cancer detection.

In this scenario, enhanced multimodal screening was assumed to shift the cancer stage distribution at diagnosis
toward earlier-stage disease. Because long-term population-level data for multimodal screening are not yet available,
three alternative cancer stage-shift assumptions were evaluated. The conservative stage-shift assumption allocated
60% of cancers to stage I, 20% to stage 11, 12% to stage III and 8% to stage IV. The moderate stage-shift assumption,
which served as the primary analysis, allocated 75% of cancers to stage I, 12% to stage II, 8% to stage III and 5%
to stage IV. The maximum stage-shift assumption allocated 90% of cancers to stage I, 5% to stage II, 3% to stage
III and 2% to stage IV. These cancer stage-shift assumptions were intended to represent potential population-level
outcomes of multimodal screening rather than the stage-specific sensitivity of any individual screening modality.

Enhanced multimodal screening may generate false-positive findings requiring additional diagnostic evaluation.
To account for this downstream utilization, false-positive workup costs were incorporated into the intervention
arm. A false-positive rate of 8% was assumed based on published WB-MRI surveillance data (30}, and each false-
positive finding was assumed to incur a diagnostic workup cost of $1000 31]. Expected false-positive costs were
calculated as the product of the false-positive rate and diagnostic workup cost. Sensitivity analyses evaluated a
higher false-positive rate of 15% and a higher workup cost of $2000.

We also assumed that the multimodal screening increased the rate of active surveillance (AS) for prostate, kidney
and thyroid cancers at stage I and II (prostate: 55-80% for stage I, 10-20% for stage II; kidney: 30-40% for stage
I, 5-10% for stage II; thyroid: 40-60% for stage I, 5-10% for stage II) (32-34]. The literature suggested the cost
of AS being lower than that of treatment; the cost ratio of AS versus treatment was 51.6% for prostate cancer,
64.3% for kidney cancer and 54.7% for thyroid cancer [22,35,36]. The total expected costs were recalculated using
these updated distributions and ratios, applying the same methods described above for direct medical costs and
productivity losses.

Cost savings attributable to enhanced multimodal screening were estimated as the difference in total expected
costs between the intervention scenario (Scenario 2) and the status quo (Scenario 1).

Results

Cancer types & stage distribution under status quo (Scenario 1)

Supplementary Table 1 presents the conversion of the stage distribution (localized, regional, distant) for each cancer
to AJCC stages I-IV based on expert opinion, under Scenario 1. The estimated distribution of cancer patients for
each AJCC stage for each cancer under Scenario 1 is presented in Table 2.

Direct medical costs of cancer management

Stage-specific cancer management costs were derived from Reddy ez al. which reported incidence-based cancer-
attributable expenditures among Medicare beneficiaries from year 1 through year 5 after diagnosis [37]. We summed
these values to estimate cumulative 5-year management costs for each cancer-stage combination. Stage I was further
subdivided into ‘early stage I’ and ‘remaining stage I,” with proportions and relative costs informed by published
data and expert opinion (Supplementary Tables 2 & 3).

Across cancers, the lowest estimated cost was for prostate cancer diagnosed at early stage I ($2463), whereas the
highest was for pancreatic and brain cancer at stage IV ($452,947). Table 3 summarizes stage-specific management
costs for each cancer type under Scenario 1. Supplementary Table 4 presents the costs under Scenarios II where
patients with prostate, kidney and thyroid cancers experience lower costs as a result of the higher likelihood of AS.

Research Article
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Table 2. Percentage (%) of cancer patients in AJCC stage for each cancer.

Stage 1 Stage 2 Stage 3 Stage 4
Male
Prostate 37.5 35.9 17.3 9.3
Lung and bronchus 18.7 19.9 21.3 40.0
Colon and rectum 24.2 25.9 27.6 22.3
Bladder 74.3 12.4 7.5 5.8
Melanoma of the skin 44.2 40.2 10.6 5.0
Kidney and renal pelvis 37.9 30.2 16.7 15.2
Non-Hodgkin lymphoma 38.0 14.0 15.0 33.0
Oral cavity and pharynx 23.8 26.6 28.6 21.0
Leukemia
Pancreas 23.2 20.7 18.2 37.8
Liver and intrahepatic bile duct 32.0 28.9 22.3 16.7
Myeloma
Stomach 25.6 24.4 23.0 27.0
Esophagus 23.1 24.6 26.2 26.0
Brain and other nervous system 36.7 32.2 20.2 10.9
Thyroid 35.6 333 24.6 6.5
Larynx 31.8 27.4 21.3 19.5
Female
Breast 36.3 335 23.4 6.8
Lung and bronchus 18.7 19.9 21.3 40.0
Colon and rectum 24.2 25.9 27.6 22.3
Uterus 46.8 27.0 14.7 11.5
Melanoma of the skin 44.2 40.2 10.6 5.0
Non-Hodgkin lymphoma 38.0 14.0 15.0 33.0
Pancreas 23.2 20.7 18.2 37.8
Thyroid 35.6 333 24.6 6.5
Kidney and renal pelvis 37.9 30.2 16.7 15.2
Leukemia
Ovary 18.9 22.7 28.0 30.4
Bladder 74.3 12.4 7.5 5.8
Oral cavity and pharynx 23.8 26.6 28.6 21.0
Myeloma
Liver and intrahepatic bile duct 32.0 28.9 22.3 16.7
Cervix Uteri 31.4 28.6 24.2 15.9
Stomach 25.6 24.4 23.0 27.0
Brain and other nervous system 36.7 32.2 20.2 10.9

Leukemia and myeloma are not staged using the AJCC I-IV framework; therefore stage distributions and stage-specific costs are not shown.

Productivity losses

Expected productivity losses, estimated using a human capital approach based on annual earning, varied substantially
by cancer type and stage. The greatest productivity losses were observed for lung and bronchus cancer ($117,117
for male and $95,961 for female) and pancreatic cancer ($111,072 for male and $91,008 for female), reflecting
both high incidence and late-stage diagnosis (Table 4).

Total expected costs of cancer management & cost savings among all US population

By combining stage-specific management costs and productivity losses, we estimated the total cost burden of
common cancers under current practice (Scenario 1). Applying SEER-based estimates of lifetime-risk that a person
would have one of common cancers (33.7% for men and 36.4% for women; Supplementary Table 5), the overall
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Table 3. Expected total cost of cancer management by cancer stage under Scenario .

Total cost for 5 years Early stage 1 Stage 1 Stage 2 Stage 3 Stage 4
Male

Prostate $2463 $16,421 $40,048 $51,168 $233,885
Lung and bronchus $99,068 $116,551 $188,829 $267,525 $402,120
Colon and rectum $48,934 $69,905 $105,618 $158,565 $406,914
Bladder $56,480 $75,307 $145,433 $166,080 $288,958
Melanoma of the skin $23,298 $42,360 $69,602 $131,389 $356,514
Kidney and renal pelvis $45,908 $54,009 $92,858 $123,665 $393,979
Non-Hodgkin lymphoma $129,746 $144,162 $200,747 $231,120 $257,051
Oral cavity and pharynx $22,516 $64,330 $110,887 $142,639 $180,632
Leukemia

Pancreas $140,633 $175,791 $297,975 $379,826 $452,947
Liver and intrahepatic bile duct $49,035 $196,141 $218,986 $328,067 $417,723
Myeloma

Stomach $85,914 $126,344 $198,583 $268,151 $394,097
Esophagus $115,053 $130,742 $196,473 $262,940 $380,528
Brain and other nervous system $140,633 $175,791 $297,975 $379,826 $452,947
Thyroid $4926 $16,421 $40,048 $51,168 $233,885
Larynx $22,516 $64,330 $110,887 $142,639 $180,632
Female

Breast $31,770 $42,360 $69,602 $131,389 $356,514
Lung and bronchus $99,068 $116,551 $188,829 $267,525 $402,120
Colon and rectum $48,934 $69,905 $105,618 $158,565 $406,914
Uterus $25,957 $39,934 $67,575 $123,384 $281,427
Melanoma of the skin $23,298 $42,360 $69,602 $131,389 $356,514
Non-Hodgkin lymphoma $129,746 $144,162 $200,747 $231,120 $257,051
Pancreas $140,633 $175,791 $297,975 $379,826 $452,947
Thyroid $4926 $16,421 $40,048 $51,168 $233,885
Kidney and renal pelvis $45,908 $54,009 $92,858 $123,665 $393,979
Leukemia

Ovary $27,139 $77,540 $141,540 $272,316 $345,202
Bladder $56,480 $75,307 $145,433 $166,080 $288,958
Oral cavity and pharynx $22,516 $64,330 $110,887 $142,639 $180,632
Myeloma

Liver and intrahepatic bile duct $49,035 $196,141 $218,986 $328,067 $417,723
Cervix Uteri $22,701 $63,059 $95,413 $162,739 $261,679
Stomach $85,914 $126,344 $198,583 $268,151 $394,097
Brain and other nervous system $140,633 $175,791 $297,975 $379,826 $452,947

Where stage-specific cost estimates were unavailable, costs from clinically and economically comparable cancers were used. Melanoma was represented using
breast cancer costs; thyroid cancer using prostate cancer costs; oral cavity, pharyngeal and laryngeal cancers using head and neck cancer costs; and brain and
other nervous system cancers using pancreatic cancer costs. These substitutions were based on similarities in reported economic burden, clinical management
and resource utilization patterns. Relevant references are cited above. Leukemia and myeloma are not staged using the AJCC I-IV framework; therefore stage
distributions and stage-specific costs are not shown.

expected cost burden of common cancers in the US was $74,431 per male and $78,818 per female, regardless of
whether they develop cancer or not (Table 5).

Under the intervention scenario (Scenario 2), where enhanced multimodal screening was assumed to detect most
cancers at early stage and increase the rate of patients for selected cancers undergoing AS, the total expected cost
burden was substantially reduced. The estimated cancer-related cost burden under the moderate cancer stage-shift
assumption was $44,238 per male and $47,586 per female. With the screening costs of WB MRI and MCED and
false-positive costs included, the total cost was $66,018 for male, and $69,366 for female.
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Table 4. Expected productivity loss.

Male

Prostate $66,966
Lung and bronchus $117,117
Colon and rectum $94,096
Bladder $36,778
Melanoma of the skin $55,992
Kidney and renal pelvis $73,349
Non-Hodgkin lymphoma $93,659
Oral cavity and pharynx $94,031
Leukemia $55,282
Pancreas $111,072
Liver and intrahepatic bile duct $81,175
Myeloma $55,282
Stomach $96,620
Esophagus $99,103
Brain and other nervous system $71,440
Thyroid $67,993
Larynx $83,928
Female

Breast $55,686
Lung and bronchus $95,961
Colon and rectum $77,098
Uterus $51,830
Melanoma of the skin $47,959
Non-Hodgkin lymphoma $76,740
Pancreas $91,008
Thyroid $55,711
Kidney and renal pelvis $60,099
Leukemia $45,295
Ovary $89,059
Bladder $30,134
Oral cavity and pharynx $77,045
Myeloma $45,295
Liver and intrahepatic bile duct $66,511
Cervix uteri $66,390
Stomach $79,166
Brain and other nervous system $58,535

Comparing the two scenarios, enhanced multimodal screening was associated with reductions of $8193-8413
for men (11.0-11.4%) and $9233-9453 for women (11.7—-12.1%) in cancer-related costs. While the intervention
substantially reduced treatment-related costs by approximately 35%, total medical costs, including both treatment
and screening expenditures borne predominantly by payors, increased for the intervention scenario (10.2% among
males and 4.6% among females), reflecting the added upfront costs of screening. In contrast, patient-level pro-
ductivity losses were markedly reduced, declining by 51%. Table 5 summarizes total costs under Scenario 1 and
Scenario 2 with the moderate cancer stage-shift assumption and highlights the absolute and relative reductions.

Under the conservative cancer stage-shift assumption, the total cancer-related costs with enhanced multimodal
screening were slightly more than the costs under the status-quo scenario by $370-590 for men and $242-462 for
women (Supplementary Table 6). Under the maximum assumption, enhanced multimodal screening was associated
with reductions of $17,855-18,075 for men (24.0-24.3%) and $19,447-19,667 for women (24.7-25.0%) in
cancer-related costs (Supplementary Table 7).
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Discussion

In this modeling study, we evaluated the potential economic value of enhanced multimodal screening, in particular
WB MRI and MCED, for the early detection of common cancers in the US We compared the current stage
distribution of cancer at diagnosis with a hypothetical scenario in which multimodal screening shifted the majority
of cancers to detection at stage I. Our results suggest that early detection through enhanced multimodal screening
could reduce the cancer-related economic burden by approximately 12% for both men and women, with reductions
stemming from both lower treatment costs and decreased productivity losses.

These results highlight the substantial economic consequences of delayed cancer detection. In the status quo
scenario, late-stage diagnoses were associated with higher direct medical costs, consistent with published literature
showing exponential increases in cancer management expenditures at advanced stages [37,38]. Likewise, productivity
losses were greatest among cancers frequently diagnosed at later stages, such as lung and pancreatic cancers, reflecting
both the morbidity of disease and the years of productive life lost. By contrast, under the enhanced multimodal
screening scenario, earlier detection shifted the distribution of cases toward lower-cost, more treatable stages,
reducing both direct medical costs and productivity losses.

A prior study estimated cost savings associated with earlier cancer diagnosis using a cancer stage-shift modeling
approach across multiple cancer types [39]. Their analysis provided an important foundation for quantifying the
economic value of early detection. Our study expands on this work by integrating productivity losses in addition to
direct medical costs, and specifically evaluating the impact of implementing multimodal screening including WB
MRI and MCED. This approach allows us to estimate the broader cancer-related economic burden by incorporating
productivity losses in addition to direct medical costs.

Our findings build upon prior analyses of early cancer detection strategies, including cost-effectiveness evaluations
of specific screening modalities such as mammography, colonoscopy and low-dose CT for lung cancer [40-47). While
these interventions have demonstrated value within individual cancer types, our study extends the perspective to
a broader, multicancer multimodal screening approach. Under the moderate cancer stage-shift assumption, the
model projected an approximately 10-12% reduction in economic burden, demonstrating that, despite the high
upfront costs of routine WB MRI and MCED screening, early detection can yield substantial economic benefits.
Although the present analysis was conducted at the individual level, these findings suggest that even modest shifts
toward earlier cancer diagnosis could translate into substantial aggregate economic savings given the large national
burden of cancer.

This finding is consistent with earlier modeling studies highlighting the value of detecting disease at an early
stage. Importantly, by incorporating productivity losses in addition to direct medical costs, our analysis provides a
more comprehensive estimate of societal burden than many prior evaluations.

These findings underscore the potential long-term value of investing in latest technology screening strategies.
Although the upfront costs of WBMRI and liquid biopsy are not trivial, our results suggest that downstream savings
could offset these investments by reducing the incidence of late-stage disease. From a payer perspective, such savings
may be realized over a longer horizon than is typically used in reimbursement decision-making, raising questions
about how to align incentives for adoption. For health systems, integration of enhanced multimodal screening
may also require changes in infrastructure, workforce training, and follow-up care pathways to ensure that early
detection translates into improved outcomes.

At present, WB MRI and MCED are not endorsed by major clinical guidelines for routine cancer screening,
while it is recommended for patients with cancer predispositions syndromes [48]. This lack of policy support stems
largely from the lack of evidence [16], concerns regarding insufficient evidence of mortality benefit, the high rate of
false positives and incidental findings, the economic burden of follow-up testing, and the absence of standardized
imaging protocols. These concerns were underscored by the recent trial, in which population-scale screening
with a broad multicancer blood test did not demonstrate a statistically significant reduction in late-stage cancer
diagnoses [49]. This outcome highlights the biological and operational challenges of pan-cancer screening approaches
that rely on a single assay across heterogeneous tumor types and prevalence. Importantly, such findings do not
preclude the potential value of MCED-based screening strategies, particularly when applied to a limited number
of high-mortality cancers with defined biology, optimized assays and more targeted downstream evaluation [s0]. To
reflect the uncertainty surrounding the magnitude of cancer stage shift achievable through multimodal screening,
the present analysis evaluated conservative, moderate and maximum stage-shift assumptions. These alternative
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assumptions were intended to explore the robustness of the projected economic impact under varying levels of
screening effectiveness.

However, many of these concerns are rooted in earlier generations of screening technologies and historical
study designs. With ongoing advances in imaging resolution, shorter scan times, artificial intelligence (Al)-assisted
interpretation, and optimized protocols for WB MRI, as well as improved assay sensitivity, enhanced biomarker
panels and Al-driven analysis for MCED tests, the rate of false positives may decrease substantially [51] and the cost
of the screening will decrease, improving both the clinical utility and the cost-effectiveness such screening. These
technological developments warrant a reassessment of prior assumptions and suggest that the potential role of WB
MRI and MCED in population-level cancer screening may evolve in the coming years.

Beyond early detection, an important and often underappreciated role of WB MRI screening is its potential to
facilitate AS-based management for low-risk diseases. While highly sensitive diagnostics may increase the detection
of indolent, early-stage abnormalities, growing clinical evidence across prostate cancer, small renal masses, and low-
risk thyroid cancers demonstrates that AS can safely replace immediate treatment for selected stage I and II disease
without compromising cancer-specific survival [21,52-54]. In this context, multimodal screening does not necessarily
increase overtreatment but instead enables more accurate risk stratification, longitudinal monitoring, and timely
escalation of care only when disease progression is observed. More broadly, longitudinal multimodal phenotyping
may also support earlier risk stratification for chronic disease trajectories and inform preventive or lifestyle-based
interventions before irreversible clinical end points are reached. From an economic perspective, this distinction
is critical: although multimodal imaging may identify incidental findings that prompt additional evaluation,
population-based studies indicate that downstream utilization is largely driven by non-invasive surveillance rather
than procedures [55,56]. Prospective cohort data further suggest that participation in WB-MRI screening is associated
with a modest increase in outpatient healthcare utilization, driven primarily by additional imaging and specialist
visits [57). The downstream economic and clinical impact of incidental findings is therefore highly dependent
on management pathways, with protocolized, risk-stratified follow-up enabling most findings to be managed
conservatively, limiting unnecessary procedures and minimizing patient and healthcare system burden [56,58,59].

The present analysis should be viewed as a stage-shift economic model rather than a comprehensive screening
simulation. Unlike natural-history screening models, which explicitly represent disease progression, preclinical
detectability, adherence patterns, competing mortality and test-specific diagnostic performance, the current model
evaluates the economic consequences of alternative stage distributions at diagnosis. This approach was chosen
because robust long-term data describing the population-level effectiveness of combined WB-MRI and MCED
screening across multiple cancer types remain limited. Accordingly, the results should be interpreted as estimates
of the potential economic impact of earlier diagnosis rather than projections of the performance of any specific
screening program.

Several limitations should be noted. First, our model relied on incidence-based 5-year cancer management
costs derived primarily from Medicare beneficiaries. These estimates do not capture all costs associated with long-
term survivorship, recurrence or expenditures occurring beyond 5 years after diagnosis and may not fully reflect
costs in younger commercially insured populations. Second, long-term empirical data describing population-
level stage distributions achievable through multimodal WB-MRI and MCED screening are currently limited.
To address this uncertainty, we evaluated conservative, moderate and maximum stage-shift assumptions rather
than relying on a single estimate. The moderate assumption was designated as the primary analysis, while the
other assumptions were evaluated in sensitivity analyses. Although these assumptions do not directly represent the
diagnostic performance of any individual screening test, they provide a range of plausible early-detection effects
and allow assessment of the robustness of the economic findings across varying levels of screening effectiveness.
Third, productivity losses were estimated using a simplified human capital approach. The model did not explicitly
incorporate caregiver productivity losses, presenteeism, retirement timing, quality-of-life impacts or other indirect
societal costs. Fourth, although false-positive workup costs were considered, the model does not explicitly estimate
additional cancers detected solely through overdiagnosis. Because stage-specific treatment costs were derived from
observed real-world populations, some degree of overdiagnosis may already be reflected within the underlying
cost estimates. Nevertheless, intensive screening may increase detection of indolent disease and therefore the
projected savings should be interpreted cautiously. Fifth, screening frequency, age of initiation and screening
costs were based on simplifying assumptions rather than established clinical guidelines for population-level WB-
MRI and MCED screening. The model also did not explicitly account for factors that may influence real-
world implementation, including screening uptake, adherence, contraindications, imaging capacity, reimbursement
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policies and downstream utilization. Consequently, the results should be interpreted as estimates of potential
economic impact under assumed implementation conditions rather than projections of a specific screening program.

Conclusion

This study estimates the potential economic implications of earlier cancer detection through WB-MRI and
MCED-based multimodal screening. By reducing the proportion of late-stage diagnoses, enhanced multimodal
screening could lower both treatment costs and productivity losses, ultimately decreasing the economic burden
of cancer in the US population. Enhanced multimodal screening was associated with an estimated reduction
in total cancer-related costs ranging from approximately 12% under the moderate stage-shift scenario to nearly
25% under the maximum stage-shift scenario. Future research should incorporate real-world performance metrics,
implementation costs and longitudinal data on health outcomes to further refine these estimates. Nevertheless, our
findings suggest that, if substantial cancer stage shift toward earlier diagnosis can be achieved, investment in WB-
MRI and MCED screening may generate long-term economic benefits. Additional prospective studies are needed
to establish real-world screening performance, implementation feasibility, false-positive burden and downstream
healthcare utilization before firm conclusions regarding cost savings can be drawn.

Summary points

e Cancer-related medical costs and productivity losses create a substantial economic burden in the US.

e Earlier cancer detection is associated with lower treatment costs and reduced productivity losses compared with
diagnosis at advanced stages.

e This study developed an economic model to evaluate the potential impact of enhanced multimodal screening
using whole-body MRI (WB-MRI) and multicancer early detection (MCED) blood testing.

e The model included common cancers with at least 10,000 new US cases annually and incorporated both direct
medical costs and productivity losses.

e Three cancer stage-shift scenarios (conservative, moderate, maximum) were evaluated to reflect uncertainty
regarding the real-world effectiveness of multimodal cancer screening.

e Under the moderate scenario, enhanced multimodal screening reduced the expected cancer-related economic
burden by approximately 12% for both men and women, after accounting for screening and false-positive
workup costs.

e Cost reductions were driven primarily by shifting cancer diagnoses from advanced stages toward earlier, less
costly stages of disease.

e Productivity losses declined by approximately 50% under the enhanced screening scenario because earlier-stage
cancers were associated with shorter work-loss durations.

e The magnitude of economic benefit depended strongly on the degree of stage shift achieved in practice, with
minimal savings under conservative assumptions and substantially larger savings under aspirational assumptions.

e Because long-term population-level data for combined WB-MRI and MCED screening remain limited, these
findings should be interpreted as estimates of potential economic impact rather than projections of a specific
screening program.
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