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Purpose

Ovarian cancer (OC) is the deadliest gynecologic malignancy worldwide, characterized by aggressive
behavior, high relapse rate, and rapid progression. Cytoreductive surgery aims to remove all visible
tumor lesions whenever feasible. However, in cases of widespread disease or significant perioperative
morbidity risk, neoadjuvant chemotherapy is administered prior to surgical intervention. Determining
the optimal treatment strategy - primary debulking surgery or neoadjuvant chemotherapy followed by
interval debulking surgery - remains a complex and critical challenge.

Current decision-making typically relies on multidisciplinary discussions that evaluate Computed
Tomography (CT) scans with the patient’s clinical status. However, this decision is often hindered by
the heterogeneous and diffuse morphology of OC.

This study proposes a deep-learning model to predict the likelihood of achieving complete tumor
resection using 3D CT diagnostic scans. By assessing whether the tumor can be completely removed
during cytoreductive surgery, the model enables patient stratification, identifying those most suitable
for surgery and recommending neoadjuvant chemotherapy when complete resection is unlikely. This
approach facilitates the selection of the most appropriate and effective therapeutic pathway tailored
to each patient’s condition.

The overarching objective is to develop a non-invasive, automated tool to promote more accurate,
efficient, and patient-specific management of advanced-stage OC.

Methods
We design a deep-learning model which combines pre-trained Vision Transformer (ViT) encoder with
an attention mechanism for classifying tumor respectability from 3D medical imaging.

Dataset. Our dataset comprises 521 patients diagnosed with advanced stage epithelial OC, treated
between 2016 and 2023. Data were retrospectively collected from the European Institute of Oncology
(IEO, Milan, Italy). Each dataset entry included portal vein phase-enhanced CT scans with contrast of
the thorax, abdomen, and pelvis acquired at diagnosis. Expert gynecologists annotated the dataset,
categorizing cases into two classes based on Tumor Resectability (TR) outcomes. The negative class
(TR=0) was assigned to cases where resection was optimal (no visible disease) or suboptimal with
residual tumor <10 mm. The positive class (TR=1) was used for cases of non-complete resection,
characterized by TR >10 mm, representing the most unfavorable surgical outcome. The dataset
comprised 416 cases labeled as TR=0 and 105 cases labeled as TR=1.



Data Processing. We developed a data pre-processing pipeline to prepare CT scans for analysis.

1. Region of Interest (Rol) Selection: we select the region most affected by OC metastases from
the entire CT volume. Using the TotalSegmentator, we identified the pelvis and the left and
right hemidiaphragm cupola as anatomical landmarks to set the lower and upper boundaries
of the Rol. Each image was then cropped along the axial axis based on this defined interval.

2. Couch Removal: To reduce biases in model learning and predictions, we implemented a filter
to remove scanner couch artifacts. We apply a body segmentation mask to isolate the
patient’s body from the couch structure. This ensured the model focused on anatomical
structures without interference.

3. Normalization and Resizing: Voxel intensities were normalized to a 0 -1 range, and all images
were resized from 512 x 512 x n to standardized dimensions of 224 x 224 x 256.

Model Architecture. The model architecture employs a pre-trained ViT encoder adapted for 3D
imaging. Volumetric CT input is reshaped into a sequence of 2D slices. Each slice is processed by the
ViT encoder, generating classification tokens that represent the slices in feature space. Tokens from all
slices are concatenated to create a compact representation of the entire volume.

An attention mechanism processes these representations, identifying key features critical for tumor
resectability prediction. The outputs are pooled and passed through a multi-layer perceptron
classification head, which generates a binary output: resectable (TR=0) or non-resectable (TR=1).

We train the models on a Binary Cross Entropy loss function, with the AdamW optimizer. We use batch
size of 64 samples and a learning rate of 1.0e-5.

Results
We evaluated two different ViT configurations and compared them with DenseNet121, a widely used
Convolutional Neural Network (CNN) for image classification tasks. The following ViT encoders were
tested:
1. Google/vit-base-patch16-224: Pre-trained on ImageNet-21k at a resolution of 224x224 pixels.
2. Facebook/dinov2-small-imagenet1k-1-layer: AViT model trained using the DINOv2 method on
1.2 billion unique images.
Performance Metrics
Evaluation metrics, gathered from a test dataset of 105 labelled patients, include accuracy and F1-
score, with results summarized below:
e Google/vit-base-patch16-224: Accuracy = 0.80, F1-score = 0.43.
e Facebook/dinov2-small-imagenet1k-1-layer: Accuracy = 0.77, F1-score = 0.33.
o DenseNet121: Accuracy =0.62, F1-score =0.12.

ViT-based models demonstrated better performance compared to DenseNet121, a result that can be
attributed to their ability at capturing long-range dependencies and global contextual features at both
the slice and volume levels—key factors in accurately predicting tumor resectability. In contrast,
CNNs are limited by their inductive bias and localized feature extraction, which can hinder with the
task of tumor resectability identification, which requires a broader understanding of spatial
relationships and complex morphologies.

Future work will focus on integrating multi-modal data, refining model fine-tuning, and validating
performance on larger datasets.



Conclusion

This study introduces a ViT-based model to predict tumor resectability from 3D CT scans at the time of
diagnosis in patients with advanced-stage OC. By addressing limitations in current radiological
assessments, the model might support clinicians in optimizing treatment pathways, reducing
unnecessary surgical interventions and improving resource allocation.
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