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Abstract

This extended abstract presents a generative Al-enabled
framework for rectal cancer that supports mesenteric fascia
(MRF) invasion assessment under CT-only workflows, aim-
ing to improve diagnostic equity, decision quality, and
healthcare resource efficiency in real-world settings.

Introduction

Accurate assessment of mesenteric fascia (MRF) invasion is
a critical imaging-based decision point in rectal cancer care,
directly determining whether patients should receive neoad-
juvant therapy and whether curative surgery is feasible
(Ayuso et al. 2026). From a healthcare operations and man-
agement perspective, this decision is high-stakes, resource-
intensive, and time-sensitive. Magnetic resonance imaging
(MRI) is widely regarded as the gold standard for MRF eval-
uation due to its superior soft-tissue contrast (Horvat et al.
2019). However, in real-world clinical systems, access to
MRI is constrained by uneven equipment distribution, clin-
ical contraindications, scheduling delays, and patient finan-
cial burden (Frija et al. 2021). As a result, a substantial pro-
portion of patients undergo preoperative assessment using
computed tomography (CT) alone, leading to reduced diag-
nostic certainty, inequitable decision quality, and subopti-
mal allocation of downstream treatment resources.

This work addresses a critical gap between ideal clinical
guidelines and operational reality by reframing imaging lim-
itations as a decision-support and resource-access problem
rather than a purely diagnostic one. We propose a generative
Al-enabled imaging substitution framework that leverages
routinely available CT scans to generate high-fidelity syn-
thetic MRI (sMRI), enabling MRI-equivalent decision sup-
port within CT-only workflows. By augmenting existing
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CT-based pipelines rather than replacing them, the proposed
approach aims to improve decision coverage and equity
without increasing dependence on scarce imaging infra-
structure.

Technically, the framework is built upon a 2.5D slice-to-
slice conditional latent diffusion model (Rombach et al.
2022) trained on paired CT-MRI data collected from multi-
ple hospitals. The model integrates a diffusion rectification
and estimation adaptive training strategy and pseudo numer-
ical methods for diffusion models to improve generation sta-
bility, efficiency, and deployment feasibility. Rather than
treating image synthesis as an end, the SMRI serves as an
intermediate representation to support automated MRF sta-
tus assessment. A downstream MRF classification model is
jointly developed, and explainable Al techniques are incor-
porated to provide structure-level visual explanations
aligned with anatomical boundaries, enhancing transpar-
ency and clinical trust. Performance is further benchmarked
against blinded radiologist readings, enabling a direct com-
parison between Al-assisted sMRI-based assessment and
human expert interpretation under CT-only conditions.

From an Al in Business perspective, this study demon-
strates how generative Al can be operationalized as a scala-
ble decision-support infrastructure rather than a standalone
diagnostic tool. By embedding explainability and workflow
compatibility into the system design, the framework ad-
dresses key governance and adoption challenges associated
with deploying generative Al in high-stakes healthcare en-
vironments. The results suggest that Al-driven imaging sub-
stitution can play a meaningful role in improving decision
equity, reducing patient-level financial burden, and enhanc-
ing the efficiency of healthcare delivery systems.
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