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CONCLUSIONS
• We developed a method to evaluate the diagnostic burden of MCED TOO localization strategies.
• An imaging-based TOO localization strategy shows better efficiency than a molecular TOO 
strategy across 95.5% of all possible PPV and TOO accuracies.
• Molecular TOO strategies are likely to require very high PPV or localization accuracy to be more 
efficient than an imaging TOO strategy.
• A nuanced molecular TOO strategy that incorporates cancer-specific risks and likelihoods may 
represent a more efficient approach than blanket molecular TOO.

OBJECTIVES
• Cancers for which screening is available generally show shorter time to diagnosis and better
outcomes compared to cancers without screening tests.1,2

• Blood-based multi-cancer early detection (MCED) tests are being developed to expand the
number of cancers that can be detected by screening in adults.3,4

• Since MCED tests are capable of detecting cancer arising from multiple organs or tissue types,
an approach to localize the tissue of origin (TOO) for individuals with cancer-suspected results is
necessary.
• At present, there are two proposed strategies for TOO localization, both of which often trigger
additional procedures to complete the diagnostic process:

1) Upfront neck-to-thigh imaging5

2) Molecular signal classifier6

• To better inform test development and clinical utility, we quantitatively assess the relative
diagnostic burden of these strategies.

METHODS

RESULTS
Mean overall diagnostic burden of imaging TOO strategy was 28% lower 
than molecular TOO strategy (2.6 vs 3.6, respectively).
• Variance is 0.198 for molecular TOO strategy and 0.010 for imaging TOO strategy.

Molecular TOO strategy is likely to incur lower diagnostic burden for 
correctly-localized true positives, while an imaging TOO strategy is 
advantageous for other test outcomes.
• Figure 1 indicates the decision process and resulting diagnostic burden for each diagnostic 
outcome within each TOO strategy.

Imaging TOO strategy is expected to be less burdensome than a 
molecular TOO strategy for 95.5% of all possible PPV and TOO accuracy 
combinations.
• Figure 2 plots the breakeven curve. The green shaded area below the curve is when an imaging 
TOO strategy is less burdensome (favorable), while the pink shaded area above the breakeven 
curve is when a molecular TOO strategy is less burdensome.
• At 90% molecular TOO accuracy, a PPV of 79% is necessary for molecular TOO to have the same 
diagnostic burden as imaging TOO.

When probabilistically deviating from base case assumptions, imaging 
TOO strategy maintains efficiency against a more burdensome molecular 
TOO strategy.
• The probabilistic sensitivity analysis reached stability after approximately 1500 scenarios.
• Imaging TOO delivered a median diagnostic burden of 2.47 (IQR 0.76) against a median 
molecular TOO burden of 3.49 (IQR 0.87) (Fig. 3).
• In 97.1% of all probabilistic scenarios, a molecular TOO strategy was determined to have a
higher diagnostic burden than imaging TOO strategy.

Figure 3. Results of the probabilistic sensitivity analysis are plotted. The boxes represent the first quartile, median,
and third quartile, while the whiskers indicate the minimum and maximum (see legend).

An expression for diagnostic burden is derived as a function of overall test PPV, accuracy of the 
TOO call, and the number of procedures associated with each diagnostic outcome.
• We begin with the quantitative framework published by Jiao et al8:

• We arrive at an expression for diagnostic burden (Eq. 3) by combining equations (1) and (2), 
substituting aggregate test parameters, incorporating a variable for the number of procedures 
associated with each diagnostic outcome, and reframing the likelihood of each diagnostic 
outcome using the PPV definition below:

• We also derived a breakeven equation to assess if and when one TOO localization strategy is 
more or less burdensome than the other.

• Eq. 6 was used with the base case assumptions for procedure counts to calculate the break 
even curve as a function of PPV.
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Figure 1. The decision process for estimating the number of procedures associated with each localization strategy
and diagnostic outcome. The percentages indicate the anticipated proportion of patients that would be subject to
the procedure in question.

In order to compare TOO approaches, we created a measure for diagnostic burden that reflects 
the total number of diagnostic procedures performed across a range of cancer types and stages, 
and is influenced by the PPV of the initial MCED test, accuracy of the TOO test, and the clinical 
decision process following each diagnostic result.

Clinical input and published research were consulted to estimate the number of imaging and 
invasive diagnostic procedures associated with each diagnostic approach.
• For imaging TOO localization, diagnostic outcomes were separated into true positives and false 
positives; for molecular TOO localization, diagnostic outcomes were separated into
correctly-localized true positives, incorrectly-localized true positives, and false positives.
• In the context of a multi-cancer diagnostic process, the predictive value of single-tissue 
confirmatory procedures would be low compared to evidence demonstrating relatively high 
predictive value of advanced radiological imaging7, and therefore positive calls that are not 
correctly localized are expected to be resolved by imaging.
• High-level aggregate estimates of procedure sequence were developed using this approach 
(Fig. 1).

Probabilisitc sensitivites analyses were performed to assess robustness of approach and 
assumptions of the base case.
•Since MCED PPV is likely to fall between 10% and 50%,5,9 a beta distribution was assigned with 
parameters α = 3.7 and ß = 8.8, which corresponds to a mean of 30%, a 5th percentile around 
10% and a 95th percentile around 50%
• With TOO accuracy likely to fall between 80% and 95%,9 a beta distribution was assigned with
parameters α = 46.8 and ß = 5.5 which corresponds to a mean of 89.5%, a 5th percentile around
82% and a 95th percentile around 95%
• Procedure counts for each diagnostic outcome were assigned truncated normal distributions 
parameterized as follows: mean is equal to the base case estimate, min is equal to 1, max is 
2(mean), and standard deviation is (max-min)/6
• Stability was assessed by evaluating a threshold change in median joint burden to below 0.1%.
• Diagnostic burden for both strategies were calculated and summarized using descriptive 
statistics.

Figure 2. The diagnostic burden breakeven curve is plotted and the areas above and below are shaded to reflect the
less burdensome TOO strategy.

Eq. 3

• In Eq. 3, L(T+) is the TOO accuracy, α is the number of procedures to resolve a
correctly-localized true positive, ß is the number of procedures to resolve an incorrectly-localized 
true positive, and γ is the number of procedures to resolve a false positive.
• To calculate the mean and variance across all PPV and TOO accuracies, we employed the 
following characterizations:

Eq. 4
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