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Abstract: Colorectal cancer remains one of the leading causes of cancer-related mortality worldwide. Accurate segmentation of
polyps and tumors in colonoscopy images is critical for early detection and effective treatment planning. Traditional
segmentation methods relied on hand-crafted features, while deep learning methods, particularly U-Net and its variants, have
significantly advanced accuracy. More recently, Generative Adversarial Networks (GANs) have been employed for colon cancer
segmentation and synthetic data generation, addressing challenges of limited annotated datasets. This survey summarizes key
developments in colon cancer segmentation techniques, explores GAN-based advancements, compares state-of-the-art methods,
and highlights challenges such as data scarcity, model instability, and generalization. Finally, future research directions are
discussed, emphasizing optimization methods, transformer-GAN hybrids, and privacy-preserving learning.

I. INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignancies worldwide and a major contributor to cancer-related deaths.
Early diagnosis and treatment planning play a vital role in improving patient survival rates. Medical imaging techniques such as
colonoscopy, CT, and MRI are widely used for detecting abnormalities; however, the effectiveness of these modalities strongly
depends on accurate segmentation of cancerous regions.
Traditional segmentation methods primarily relied on handcrafted features such as intensity, shape, and texture. While these
techniques achieved some success, they often performed poorly on large-scale clinical datasets due to variations in imaging
conditions, low contrast, and irregular tumor morphology. Moreover, these approaches lacked robustness and generalizability across
diverse patient populations.
The introduction of deep learning significantly transformed the field of medical image analysis. Convolutional Neural Networks
(CNNs) and U-Net architectures provided breakthrough performance by automatically learning hierarchical features. U-Net, with its
encoder—decoder design and skip connections, quickly became the gold standard for biomedical segmentation tasks and inspired
several enhanced variants tailored to colon cancer detection.
Generative Adversarial Networks (GANs) further advanced the domain by enabling both realistic medical image synthesis and
adversarial learning for segmentation tasks.
To mitigate these challenges, researchers have integrated optimization techniques into GAN-based frameworks. Metaheuristic
algorithms, in particular, have been explored for hyperparameter tuning and stabilization. Among them, the Sine Cosine Algorithm
(SCA) has demonstrated promising results in balancing generator—discriminator dynamics, improving convergence, and enhancing
segmentation outcomes in colorectal cancer analysis.
This survey aims to provide a comprehensive overview of the evolution of colorectal cancer segmentation techniques, emphasizing
the role of GANs and metaheuristic optimization. The paper consolidates traditional, CNN-based, and GAN-driven methods while
highlighting the effectiveness of SCA in stabilizing adversarial training. Furthermore, it identifies current limitations and outlines
future research directions for developing clinically robust and interpretable models for colorectal cancer detection.

Il. BACKGROUND

A. Problem Description:

Colorectal cancer detection is highly challenging due to the irregular shapes of tumors, variations in imaging quality, and the low
contrast of medical images. Accurate segmentation of malignant regions is essential for early diagnosis, yet traditional methods
based on handcrafted features such as texture or shape often fail to generalize across diverse datasets. Deep learning models like U-
Net have significantly improved accuracy, but their performance depends on large amounts of annotated data, which are costly and
difficult to obtain. Generative Adversarial Networks (GANSs) have emerged as a promising alternative, capable of both segmentation
and synthetic data generation, but they suffer from unstable training and high sensitivity to hyperparameter selection.
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To address these issues, optimization-based approaches such as the Sine Cosine Algorithm (SCA) have been introduced, offering a
stable and effective way to enhance GAN performance and improve colon cancer image segmentation outcomes.

Moreover, the integration of GANs with metaheuristic optimization highlights a new direction in medical image analysis, where
stability and accuracy are equally prioritized. By reducing the dependency on manual hyperparameter tuning, approaches like SCA
not only improve segmentation quality but also make these models more practical for clinical use.

B. Adversary Model:

The model integrates a GAN framework tailored for colon cancer segmentation and synthesis. Input colon images are processed by
an AttentionU-Netgenerator(Pix2Pix), which highlights tumor-specific features and produces segmentation masks. A Patch
GAN(discriminator evaluates the realism of outputs, while the SineCosineAlgorithm (SCA) optimizes hyperparameters to stabilize
training. This ensures balanced adversarial dynamics and results in accurate tumor segmentation masks along with synthetic colon
images that address data scarcity and enhance diagnostic precision.

1. LITERATURE SURVEY

1) Ranneberger O., Fischer P., Brox T. “U-Net: Convolutional Networks for Biomedical Image Segmentation,” 2015): U-Net
introduced the encoder—decoder framework with skip connections, enabling accurate biomedical segmentation with limited
data. It has become the baseline for colon cancer image analysis due to its strong balance between localization and contextual
learning. The model demonstrated high Dice and loU scores on medical datasets and is widely adopted in computer-aided
diagnosis. However, U-Net struggles with highly complex boundaries and small object detection, making it less reliable for
irregular colon polyps. It also requires heavy data augmentation to generalize across imaging variations.

2) Zhou Z., Siddique M., Tajbakhsh N., Liang J. “UNet++: A Nested U-Net Architecture for Medical Image Segmentation,” 2018:
UNet++ refined U-Net by incorporating nested dense skip connections, which reduced semantic gaps and enhanced
segmentation performance on medical datasets. Its dense architecture captured fine lesion boundaries better than U-Net and
showed strong results in polyp segmentation tasks. The model became popular in gastrointestinal image analysis for its superior
performance on small tumors. However, the increased architectural complexity significantly raised computational costs. It also
exhibited longer training times, limiting its usability in real-time clinical applications.

3) Oktay O. et al. “Attention U-Net: Learning Where to Look for the Pancreas,” 2018: Attention U-Net introduced attention gates
that allow networks to selectively focus on tumor-relevant regions, improving the segmentation of small or low-contrast
lesions. In colon cancer, this improved the detection of subtle or hidden polyps. The framework provided interpretability
through attention maps, making it more clinically acceptable. However, the integration of attention modules increased memory
consumption and training complexity. The model also showed reduced performance when applied to very noisy datasets
without extensive preprocessing. Overall, while powerful in enhancing segmentation accuracy, its higher computational cost
limits widespread clinical deployment.Moreover, its dependency on high-quality annotated datasets restricts its adaptability to
diverse clinical environments.

4) Fan D.-P. et al. “Pranet: Parallel Reverse Attention Network for Polyp Segmentation,” 2020: PraNet was designed specifically
for polyp segmentation in colonoscopy, integrating parallel reverse attention and boundary refinement modules. It achieved
state-of-the-art performance on widely used datasets like Kvasir-SEG and CVC-ClinicDB. The model effectively captured
polyp boundaries and minimized false negatives, outperforming several U-Net variants. However, PraNet is highly tailored to
colonoscopy data and struggles to generalize across other medical domains. Additionally, it remains computationally expensive
compared to lighter architectures, limiting deployment in low-resource clinics.

5) Huang H. et al. “HarDNet-MSEG: A Lightweight Model for Real-time Polyp Segmentation,” 2021: HarDNet-MSEG leveraged
the HarDNet backbone with multi-scale feature aggregation to achieve both accuracy and speed. The architecture was
lightweight and suitable for real-time colonoscopy analysis, ensuring that segmentation could assist physicians during
procedures. It demonstrated competitive performance on multiple benchmarks while being computationally efficient. However,
the lightweight design sacrificed some accuracy compared to deeper models like PraNet and UNet++. Moreover, its
performance degraded in highly complex medical images with overlapping tissue structures.

6) Chen J. et al. “TransUNet: Transformers Make Strong Encoders for Medical Image Segmentation,” 2021: TransUNet
introduced a hybrid design combining CNN-based encoders with transformer modules to capture global context in medical
images. It improved the consistency of segmentation masks and reduced fragmented predictions in colorectal cancer datasets.
The model established the relevance of transformers in biomedical imaging and influenced subsequent hybrid designs.
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However, transformers are data-hungry and require large annotated datasets, which are often unavailable in clinical practice.
The model also suffers from high memory requirements, limiting practical adoption.

7) lsola P. et al. “Image-to-lmage Translation with Conditional Adversarial Networks (Pix2Pix),” 2017: Pix2Pix introduced
conditional adversarial networks for paired image-to-image translation, serving as the foundation for GAN-based medical
segmentation. It enabled the generation of realistic segmentation masks and synthetic colon images, reducing the reliance on
manual annotations. The framework was widely adopted in medical imaging due to its ability to learn mappings directly from
paired datasets. However, Pix2Pix requires large amounts of well-aligned paired data, which are rarely available in the medical
domain. It is also prone to training instability, especially in small or imbalanced datasets.

8) ZhuJ.-Y.etal. “Unpaired Image-to-Image Translation using CycleGAN,” 2017: CycleGAN removed the dependency on paired
datasets by introducing cycle-consistency loss, allowing unpaired colonoscopy images to be used for training. This approach
significantly reduced annotation costs and enabled realistic synthetic data generation. It improved generalization across
institutions and imaging devices, which is vital for colon cancer diagnosis. However, CycleGAN often generates artifacts that
may reduce clinical trust in synthetic images. Additionally, its convergence is slow and highly sensitive to hyperparameter
tuning.

9) Wang R. et al. “Semi-Supervised Colon Polyp Segmentation with Adversarial Learning,” 2019:This method combined
adversarial learning with semi-supervised training to reduce dependence on large annotated datasets. It utilized both labeled and
unlabeled data, generating pseudo-labels that improved training efficiency. The approach demonstrated competitive
performance with fewer annotations, lowering the cost of dataset preparation. However, pseudo-labels often contained noise,
which degraded model reliability. The approach also required careful balancing of supervised and unsupervised losses to avoid
performance drops.

10) Mirjalili S. “SCA: Sine Cosine Algorithm for Global Optimization,” 2016: The Sine Cosine Algorithm (SCA) proposed a
metaheuristic optimization technique that has been successfully integrated into GAN-based colon cancer segmentation. SCA
enhances stability by adaptively tuning GAN hyperparameters, avoiding issues like mode collapse and vanishing gradients. It
accelerated training convergence and improved overall segmentation performance compared to manual tuning. However, the
algorithm is computationally expensive in large search spaces and may converge slowly in high-dimensional medical data. Its
efficiency depends heavily on parameter initialization and stopping criteria.

V. METHODOLOGY
The proposed framework for colorectal cancer segmentation integrates deep learning with generative adversarial learning and
optimization-based stabilization. The system begins with preprocessing of colonoscopy images to normalize contrast, reduce noise,
and enhance lesion visibility. These preprocessed images are then fed into the generator, which is based on an AttentionU-
Netarchitecture. The generator is responsible for producing segmentation masks by focusing on tumor-specific regions and
suppressing irrelevant background information through its attention mechanisms.
A Patch GANdiscriminator is employed to evaluate the realism of the generated masks against the ground truth. By engaging in
adversarial training, the generator learns to improve its segmentation accuracy, while the discriminator continuously refines its
ability to distinguish synthetic outputs from real annotations. This adversarial process allows the system to not only perform
segmentation but also generate synthetic colon images that address the problem of limited training data. However, the instability of
GAN training requires additional measures to ensure reliable performance.
To achieve stability, the SineCosineAlgorithm(SCA) is incorporated as a metaheuristic optimizer. SCA adaptively tunes the
hyperparameters of the GAN, such as learning rate and batch size, to maintain balanced competition between the generator and
discriminator. This optimization prevents issues like mode collapse and vanishing gradients, enabling faster convergence and more
accurate outputs.As a result, the overall framework produces robust segmentation masks and synthetic datasets, paving the way for
clinically viable computer-aided diagnosis systems in colorectal cancer detection.
The training process is performed on benchmark colonoscopy datasets, where data is divided into training, validation, and testing
subsets. Augmentation techniques such as rotation, scaling, and flipping are applied to further increase variability and improve
generalization. Performance is assessed using standard evaluation metrics including Dice Similarity Coefficient (DSC), Intersection
over Union (loU), sensitivity, and specificity, ensuring that the framework meets clinical accuracy requirements.
Finally, the proposed methodology emphasizes adaptability and scalability for future applications. While the current focus is on
colorectal cancer segmentation, the modular design of combining GANs with SCA optimization can be extended to other
biomedical imaging domains such as lung cancer, brain tumor, or retinal disease analysis.
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This generalizability makes the framework a promising direction for advancing computer-aided diagnosis and decision-support
systems in broader healthcare contexts.

V. FUTURE WORKS

. Develop hybridTransformer—GANmodels for improved colon cancer segmentation.
. Explore metaheuristicoptimizationalgorithms beyond SCA, such as PSO and GA, for stable GAN training.
. Create largesyntheticpolypdatasets using GANS to reduce annotation costs.
. Investigate federatedlearningwithGANS for privacy-preserving medical image analysis.
. Enhance domaingeneralization to improve cross-dataset performance in real-world settings.
. Integrate multi-modalimagingdata (CT, MRI, colonoscopy) with GAN frameworks.
. Apply semi-supervisedandself-supervisedGANSs to leverage unlabelled colonoscopy data.
. Combine explainableAlmethods with GANSs to increase clinical interpretability and trust.
VI. CONCLUSION

The Colon cancer remains a major health concern worldwide, where accurate segmentation of polyps and tumors plays a vital role
in early detection and effective treatment. Advances in deep learning, particularly U-Net variants and Transformer-based models,
have significantly improved segmentation performance. More recently, Generative Adversarial Networks (GANSs) have shown
remarkable potential in both boosting segmentation accuracy and generating realistic synthetic data to overcome dataset limitations.
Optimization methods, such as the Sine Cosine Algorithm, further strengthen GAN stability and efficiency. Looking ahead, the
integration of GANs with emerging deep learning paradigms offers promising pathways toward more reliable, generalizable, and
clinically useful computer-aided diagnosis.
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