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Purpose: To enhance lung cancer screening by integrating in silico trials with statistical modeling,
minimizing traditional trial limitations such as cost, time, and radiation exposure. This approach simulates
the entire imaging chain and diagnostic process, improving screening efficiency and accuracy.

Methods and Materials: We created 313 unique virtual patient models based on actual patients with
mean age of 59 + 14 years with 44% female representation. Within this cohort, 174 models include a total
of 512 digitally inserted lung nodules, distributed between uniform (n=202) and variable (n=310)
textures, with a range of diameters to mirror the distribution in the National Lung Screening Trial (NLST)
for true-to-life simulation. The virtual cohort was digitally imaged employing a verified CT simulation
software, and subsequently reconstructed with the agnostic MCR toolkit, ensuring broad applicability and
adherence to standard imaging protocols. Our virtual reader emulates clinical diagnostics by combining
detection and classification in a 3D Al model. Simulated nodules were “statistically labeled” as benign or
malignant with random probability informed by radiomics features, thus facilitating the important
transition in tasks from nodule identification to cancer diagnosis. The primary outcome focused on the
variation in the Receiver Operating Characteristic Area Under the Curve (AUC) for both patient-level
nodule detection and cancer diagnosis, supplemented by a detailed lesion-level analysis within sub-
groups.

Results: Using the in silico pipeline on a parallel computing cluster, we produced 1,878 simulated chest
CT scans in 52 hours, averaging 36 scans per hour. Analysis of 313 virtual patients yielded a patient-level
nodule detection AUC of 0.85 (95% CI: 0.80-0.89), compared to the more difficult task of cancer
diagnosis with AUC of 0.70 (95% CI. 0.61-0.78). Subgroup evaluations revealed that the virtual reader
model was more effective in identifying homogeneous lesions (AUC 0.97) than heterogeneous lesions
(AUC 0.71), with particularly high performance for nodules larger than 8 mm (AUC 0.98).



Conclusion: Our research demonstrates the value of in silico trials in enhancing the calibration and
efficacy of imaging-based diagnostic technologies. Our statistical labeling of simulated lung nodules
demonstrates a new approach to bridge in silico trials toward clinically relevant endpoints. Future work
will also consider the additional in silico modeling of demographic and clinical data.

Clinical Relevance: This study confirms the practicality of in silico trials and their potential to enhance
diagnostic accuracy, directly informing the advancement of imaging techniques and patient care strategies
in lung health.
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Figure 1. (a) Example of a simulated virtual chest CT scan image replicating the imaging properties of
representative NLST-era CT technology with a simulated nodule marked in red and shown in insert. (b)
Area Under the ROC (AUC) for patient-level nodule detection (blue ROC) and cancer diagnosis (brown
ROC) performance of Al model acting as virtual reader. Cancer diagnosis performance utilizing proposed
statistical labeling aligns with reported clinical datasets.



