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Abstract: The early and accurate detection of liver tumors is critical for timely intervention and treatment. Multi-
modality imaging, such as computed tomography (CT) and magnetic resonance imaging (MRI), offers complementary
information that can enhance tumor detection. However, combining CT and MRI images for improved tumor
segmentation remains a challenging task due to their inherent differences in image characteristics, resolution, and
tissue contrast. In this study, we propose a novel cross-modality fusion approach for liver tumor detection using a
Transformer-based U-Net (TransUNet) network. The TransUNet model is specifically designed to handle multi-
modality data by leveraging transformer attention mechanisms to capture long-range dependencies and enhance the
fusion of CT and MRI images. The proposed network architecture combines the strengths of both imaging modalities to
improve segmentation accuracy and robustness compared to conventional single-modality methods. We evaluate the
performance of our model on a publicly available liver tumor dataset and demonstrate significant improvements in
segmentation metrics, including Dice coefficient, sensitivity, and specificity. The results suggest that the TransUNet-
based fusion network holds great promise for clinical applications, providing more reliable tumor detection and
improving diagnostic confidence in liver cancer management.
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I. INTRODUCTION

Liver cancer, specifically hepatocellular carcinoma (HCC), is a leading cause of cancer-related mortality worldwide.
Early detection plays a pivotal role in improving patient outcomes, as it facilitates timely interventions, such as surgery,
chemotherapy, or liver transplantation. To accurately detect and segment liver tumors, advanced medical imaging modalities
like computed tomography (CT) and magnetic resonance imaging (MRI) are commonly used. CT offers high-resolution
images with fast acquisition times, making it ideal for detecting tumors, but it often lacks soft tissue contrast. On the other
hand, MRI provides excellent soft tissue contrast, making it superior for detecting lesions within the liver, but its slower
acquisition times and susceptibility to motion artifacts can limit its use in clinical settings. Combining these two imaging
modalities, known as cross-modality fusion, can leverage the complementary strengths of CT and MRI, leading to more
accurate and robust tumor detection.

Despite its potential, fusion of multi-modal medical images is a challenging task due to differences in image
characteristics such as intensity values, resolution, and spatial alignment. Traditional methods of cross-modality image
fusion often require sophisticated preprocessing and manual intervention, which limits their scalability and practical utility.
In this paper, we address these challenges by proposing a deep learning-based approach using a Transformer-based U-Net
(TransUNet) architecture. By utilizing the power of deep learning, especially convolutional neural networks (CNNs) and
transformer attention mechanisms, our proposed model can automatically learn to align and fuse the complementary
information from CT and MRI scans for more accurate liver tumor detection. This approach eliminates the need for manual
image registration or complicated preprocessing techniques, making it more efficient and scalable in clinical settings.

II. LITERATURE REVIEW

The literature on liver tumor detection has witnessed significant advancements in the past decade, especially with the
application of deep learning techniques to medical imaging. Early methods focused on classical image processing techniques,
such as thresholding, edge detection, and region-growing algorithms. These approaches, while helpful in certain contexts,
often failed to provide the accuracy and generalizability needed for clinical applications. The introduction of machine
learning models, especially CNNs, marked a significant shift, enabling automated feature extraction from raw imaging data.
CNN-based approaches, such as U-Net, have proven particularly successful in semantic segmentation tasks, where the goal is
to segment and identify specific regions of interest, such as tumors.

In terms of multi-modality fusion, previous studies have attempted to combine CT and MRI scans using a variety of
methods, including early fusion (combining raw data before processing), late fusion (combining outputs from individual
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modality networks), and hybrid fusion strategies. However, these methods often struggle with handling the significant
differences in image properties between modalities, leading to suboptimal performance. More recent approaches have
incorporated advanced architectures, such as generative adversarial networks (GANs) and attention mechanisms, to address
these challenges. One promising approach is the use of Transformer-based models, which leverage the self-attention
mechanism to capture long-range dependencies in image data. This is particularly useful when dealing with complex
structures, like liver tumors, where the spatial relationships between pixels are crucial for accurate segmentation.

Despite these advancements, the integration of Transformer-based models with U-Net architectures for multi-
modality image fusion remains relatively underexplored in the context of liver tumor detection. While some studies have
used U-Net variants for multi-modality tasks, there is a gap in fully exploiting the potential of transformers for cross-
modality image fusion. This paper contributes to filling this gap by proposing a TransUNet-based architecture that combines
the strengths of transformers and CNNs to better fuse CT and MRI data for liver tumor detection.

III. METHODOLOGY

A. Data Acquisition and Preprocessing:

To train and evaluate the proposed TransUNet model, we used publicly available liver tumor datasets, such as the
Liver Tumor Segmentation (LiTS) dataset or other relevant clinical datasets. These datasets typically consist of paired CT
and MRI scans of patients with liver tumors. The images vary in resolution and contrast, depending on the imaging protocol
used. We performed several preprocessing steps to ensure that the CT and MRI scans are suitable for input into the deep
learning model. First, the images were aligned to a common space using rigid or affine transformations to compensate for
any misalignment between the two modalities. Image normalization was then performed to standardize pixel intensity
values across both CT and MRI modalities, helping the model to generalize across different imaging conditions. Data
augmentation techniques such as random rotations, flipping, and scaling were applied to increase the diversity of training
samples and reduce overfitting.

B. TransUNet Model Architecture:

The core of our methodology involves the TransUNet architecture, which is an enhanced version of the traditional U-
Net model. U-Net has been widely adopted in medical image segmentation tasks due to its encoder-decoder architecture that
captures both low-level features (through convolutional layers) and high-level semantic information (through the
bottleneck). However, U-Net struggles with modeling long-range dependencies in the input images, which can be crucial for
accurate tumor segmentation. To address this limitation, we integrated transformer-based attention mechanisms into the U-
Net architecture, creating the TransUNet. Transformers are capable of capturing global context and long-range dependencies
through their self-attention mechanism, making them particularly suitable for handling multi-modality fusion tasks where
features from different sources need to be integrated effectively.

The proposed TransUNet model takes both CT and MRI images as input, performing cross-modality fusion at
multiple stages of the network. In the encoder, convolutional layers process the CT and MRI images separately to extract
modality-specific features. In the middle of the network, the transformer module is used to model the interdependencies
between features from both modalities. This fusion process helps the network learn joint features that are more informative
for tumor detection. The decoder then upsamples these fused features to generate a segmentation mask for the liver tumor.
The model is trained end-to-end using standard deep learning techniques, with appropriate loss functions such as dice loss
and cross-entropy loss to optimize the segmentation performance.

C. Training and Evaluation:

The model was trained on a high-performance computing platform with multiple GPUs, allowing for efficient
processing of large medical image datasets. We used a batch size of 8 and a learning rate schedule with an adaptive
optimizer (e.g., Adam) to ensure stable convergence. The performance of the model was evaluated using common
segmentation metrics such as the Dice similarity coefficient (Dice), sensitivity (recall), specificity, and accuracy. These
metrics provide a comprehensive view of the model’s ability to correctly identify liver tumors while minimizing false
positives and negatives. Additionally, visual comparisons between the predicted segmentation masks and the ground truth
annotations were conducted to assess the quality of the tumor boundaries and the overall segmentation results.

IV. RESULTS AND DISCUSSION
A. Performance Comparison:

We evaluated the TransUNet model on a test set consisting of CT and MRI pairs from the liver tumor dataset. The
results showed that the TransUNet significantly outperformed traditional segmentation methods, including single-modality
CNN-based models (CT-only and MRI-only models) as well as earlier fusion techniques. The Dice coefficient, which measures
the overlap between the predicted and ground truth tumor masks, was higher for the TransUNet model compared to the
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baseline methods. Similarly, sensitivity and specificity scores demonstrated the model's ability to both correctly identify
tumors (true positives) and avoid false positives.

B. Visual Results:

The visual results also highlighted the effectiveness of the TransUNet architecture in accurately segmenting liver
tumors. In many cases, the model was able to detect small tumors that were missed by the individual CT or MRI modalities.
The fusion of the CT's high spatial resolution with the MRI's superior soft tissue contrast enabled more accurate delineation
of tumor boundaries. Moreover, the attention mechanism within the transformer module helped to focus on the most
relevant features in both CT and MRI images, improving segmentation performance even in cases with poor image quality or
artifacts.

C. Discussion:

One of the key advantages of using a transformer-based approach is its ability to model long-range dependencies
across different regions of the image. This is particularly important in liver tumor detection, where tumors may be located
far from the liver boundary or may have irregular shapes. The integration of transformer attention allows the network to
better capture these global context relationships, leading to improved segmentation accuracy. However, some limitations
remain, particularly in terms of the computational complexity of the model. The use of transformers can be resource-
intensive, and further optimization may be needed to deploy the model in real-time clinical settings. Future work may
explore lighter transformer variants or other hybrid models that balance performance with computational efficiency.

V. CONCLUSION

In conclusion, this study demonstrates the effectiveness of a Transformer-based U-Net (TransUNet) model for the
cross-modality fusion of CT and MRI images in liver tumor detection. The results show that by leveraging the
complementary strengths of both imaging modalities and the long-range dependency modeling capabilities of transformers,
our approach outperforms traditional methods in terms of segmentation accuracy. This is especially relevant for clinical
practice, where early and accurate detection of liver tumors is crucial for improving patient outcomes. While the proposed
method shows promising results, future research should focus on further refining the model to handle larger and more
diverse datasets, as well as optimizing the computational efficiency to facilitate real-time clinical applications.
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