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Abstract: This study proposes a method for tumor growth simulation and prognosis prediction based on the generative
adversarial network (GAN) framework. Through comparative experiments with variational autoencoder (VAE), deep
convolutional generative adversarial network (DCGAN), conditional generative adversarial network (CGAN) and
self-attention generative adversarial network (SAGAN), it is verified that GAN is good at generating image quality, Significant
advantages in structural fidelity and detail restoration. Experimental results show that the GAN model performs best in
indicators such as structural similarity (SSIM) and mean square error (MSE), and can effectively simulate real tumor growth
characteristics, providing more accurate data support for clinical diagnosis and personalized treatment. This method
demonstrates the potential of GAN in medical image generation and provides new technical means for future cancer research
and precision medicine.
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1. Introduction
Tumor growth simulation and prognosis prediction

technology based on generative adversarial networks (GANs)
have shown significant advantages in medical research,
providing new ways for tumor disease diagnosis and the
formulation of personalized treatment strategies. GANs can
generate highly realistic tumor growth image data. These
data can not only accurately simulate the dynamic evolution
process of tumors, but also help medical imaging experts
observe and analyze tumor development trends to gain
deeper insights. Through this simulation method, researchers
can predict diseases under non-invasive conditions, greatly
enhancing the efficiency and accuracy of pathological
research, and providing a valuable reference for improving
the accuracy of tumor diagnosis[1,2].

In addition, GANs have powerful generation and
discrimination capabilities, and can fully explore the
potential characteristics of patient data, thereby achieving
more targeted prognosis prediction. Compared with
traditional prediction methods, GANs show significant
advantages in feature extraction and can identify small but
important differences in deep data features, making the
formulation of treatment plans more accurate. This accurate
simulation of tumor growth patterns not only improves the
accuracy of predicting disease progression, but also lays a
technical foundation for the in-depth development of
personalized medicine, providing clinicians with the ability
to tailor treatment plans based on the specific conditions of
patients. This effectively improves the effectiveness of
treatment[3,4].

In clinical applications, the simulation data generated

by GANs can effectively make up for the problem of
insufficient medical imaging data, especially in the case of
small or scarce samples. By generating a large amount of
high-quality data, GANs provide researchers and model
training with rich samples, allowing tumor identification and
segmentation models to maintain high accuracy even in the
absence of sufficient real data, thereby operating under
data-limited conditions. High-quality prediction and analysis
of tumor growth is still achieved, further improving the
stability and reliability of the medical model[5].

At the same time, GANs technology has also
significantly improved the resolution and detail performance
of medical images, making the boundaries and internal
structures of tumors clearer, providing doctors with
higher-precision diagnostic information. In terms of
prognosis prediction, these high-quality tumor images can
allow doctors to more accurately assess the progression and
risk level of the disease, thereby more rationally arranging
individualized treatment plans. This advantage undoubtedly
greatly improves the effectiveness of cancer treatment, has
important clinical significance for the diagnosis and
treatment of complex tumors and other diseases, and directly
promotes the development of precision medicine[6,7].

In summary, tumor growth simulation and prognosis
prediction based on generative adversarial networks provide
strong technical support for the medical community by
improving the quality of data generation, strengthening
personalized treatment, making up for data scarcity, and
optimizing image performance[8]. In the future, with the
continuous development of GANs technology, its
application potential in medical image processing and
prognosis prediction will be more extensive, and it is



expected to bring revolutionary breakthroughs to the early
detection and treatment of tumors and other major diseases,
and contribute to the health and well-being of patients
around the world. Make greater contributions.

2. Related Work
Generative adversarial networks (GANs) have been pivotal
in advancing medical image analysis, particularly for tumor
growth simulation and prognosis prediction. By leveraging
adversarial training, GANs can generate high-resolution
medical images essential for disease modeling and
personalized treatment strategies. Fully convolutional neural
networks (FCNs) and GAN-based architectures have
demonstrated remarkable efficacy in medical image
segmentation and enhancement, contributing to improved
diagnostic accuracy [1]. Furthermore, adversarial attack
techniques highlight the dual role of GANs, both as tools for
enhancing model robustness and as methods for evaluating
vulnerabilities in image classification systems [2]. Deep
convolutional networks such as VGG19 have also played a
significant role in complex medical image classification
tasks, underscoring the versatility of deep learning in
healthcare applications [3].
The evolution of natural language processing (NLP)
techniques is transforming medical data analysis.
Specialized NLP models are enhancing medical named
entity recognition (NER), supporting more accurate
extraction of critical information from clinical texts and
records [4]. Furthermore, large language models (LLMs)
have been optimized through advanced techniques such as
LoRA fine-tuning and knowledge distillation, improving
model efficiency and robustness for medical NLP tasks
[5][6]. Automated medical report generation, driven by
self-training frameworks, utilizes unlabeled data,
significantly improving predictive performance and
streamlining medical documentation processes [7].
Multimodal artificial intelligence (AI) models integrating
medical imaging and textual data have demonstrated
superior performance in tumor diagnosis and prognosis
prediction. Data augmentation techniques and
preference-based comparisons have further enhanced model
generalizability, addressing the challenges posed by limited
datasets in medical imaging [8]. Federated learning has also
facilitated distributed model training across institutions,
preserving data privacy while enhancing performance in
large-scale medical vision-and-language representation
learning [9].
Beyond medical imaging, deep learning continues to make
strides in data mining and computational optimization.
Matrix logic approaches have enabled efficient discovery of
frequent itemsets in large datasets, contributing to faster
analysis of medical and biological data [10]. Reinforcement
learning (RL) and variational autoencoders (VAEs) have
driven advancements in dynamic user interface (UI)
generation, enhancing adaptive systems in medical imaging
software and personalized diagnostic tools [11][12].
Additionally, dynamic scheduling and resource optimization
strategies have been employed to enhance computing
environments, benefiting the scalability of deep learning
models in medical contexts [13].
Lastly, feature selection techniques, particularly norm-based
methods applied to biological omics data, are increasingly
informing tumor classification and analysis by identifying
critical biomarkers, further aligning bioinformatics with

medical imaging applications [14]. The ongoing integration
of deep learning into various facets of medical research
underscores its transformative potential for tumor simulation,
diagnosis, and prognosis prediction, paving the way for
more precise and individualized treatment strategies [15].

3. Method
In the research method section of this article, the

generative adversarial network (GAN) was selected as the
core framework for tumor growth simulation and prognosis
prediction. The structure of GAN consists of two neural
networks, the generator and the discriminator, which
gradually optimize the model performance through mutual
game, making the generated data closer to the real sample.
Specifically, the generator is responsible for generating
simulated tumor images from random noise, while the
discriminator is used to distinguish between generated
images and real images. In this process, the feedback of the
discriminator is transmitted back to the generator, thereby
continuously improving the quality of the generated data. Its
model architecture is shown in Figure 1.

Figure 1. Generative Adversarial Network Model Architecture
First, the goal of the generator is to maximize the

probability of the discriminator misclassifying. Therefore,
for the generator G and the discriminator D, the loss
function of GAN can be expressed as:
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Among them, pdata(x) represents the real data
distribution, and pz(z) represents the input noise distribution.
The generator minimizes the loss function to make the
generated data gradually approach the real data distribution.
The discriminator maximizes the loss function to improve
the classification ability of real samples and generated
samples.

Next, in order to make the tumor images generated by
the model have practical medical significance, we added
constraints to the generator, requiring the generated images
to meet specific pathological characteristics. These
characteristics include the clarity of the tumor edge, the
density distribution of the tumor internal tissue, etc. During
training, based on these conditional constraints, we defined a
loss function �푑푎�푎 to improve the model's pathological
authenticity by limiting the feature distribution of the
generated images.

4. Experiment
4.1. Datasets

In the experimental part of this article, we used the
famous TCGA (The Cancer Genome Atlas) dataset, which is
an international cancer research data resource library that
contains a large amount of data from patients with different
types of cancer and is widely used in cancer bioinformatics
research and related analysis. This dataset covers
multidimensional data such as gene expression, gene
mutation, and clinical information, provides complete
patient information, and is suitable for simulating tumor



growth and predicting disease development trends. Through
the multidimensional data of the TCGA dataset, the model
can learn the performance of tumor characteristics in the
image and time dimensions, laying the foundation for
high-quality tumor growth prediction.

In terms of imaging data, the TCGA dataset contains
tens of thousands of high-resolution tumor images, covering
a variety of cancer types such as lung cancer, breast cancer,
and brain cancer. These imaging data come from a wide
range of sources, have good representativeness and
versatility, and the tumor images in the dataset have
complete staging and pathological annotations, which
provide us with a reliable data basis for tumor growth
pattern simulation and staging prediction. The image data
has a high resolution, can clearly show the internal structure
of the tumor and its edge characteristics, and helps the
model extract high-quality image features. In addition, the
TCGA dataset has been standardized, the data quality is high,
and it has complete medical annotations, which ensures the
scientificity and rigor of model training.

In terms of clinical information, the TCGA dataset
provides detailed patient medical history, including
important information such as age, gender, past medical
history, and cancer staging and classification. These clinical
data are particularly important for the model to achieve
individualized predictions, and can help the model identify
factors that have an important impact on disease progression
from a variety of patient information. By combining imaging
data and clinical data, the experiment can achieve
multimodal data analysis, so that tumor growth prediction
not only relies on image information, but also can make a
more personalized prognosis assessment based on the actual
situation of the patient.

The application of the TCGA dataset in this experiment,
through the comprehensive use of its imaging and clinical
data, provides a wealth of training samples for the generative
adversarial network model, enabling it to achieve higher
accuracy in actual tumor growth simulation and prognosis
prediction.

4.2. Experimental setup
In the experimental setting, in order to ensure the

effectiveness of the model and the repeatability of the results,
we configured the parameters of the Generative Adversarial
Network (GAN) in detail. First, in the structure of the
generator and the discriminator, the generator uses a
four-layer convolutional network, and each convolutional
layer is followed by batch normalization and ReLU
activation function to ensure the stability and detail clarity of
the generated image. The discriminator uses a five-layer
convolutional network, and adds a leaky ReLU activation
function after each layer to improve the sensitivity and
accuracy of the discriminator to fake images. The entire
model is trained under the TensorFlow framework to ensure
the efficiency of the training process and the portability of
the model.

In terms of hyperparameter setting, we set the learning
rate to 0.0002 to achieve a balance between the quality of
the generated images and the convergence speed of the
model. At the same time, using the Adam optimizer, the
parameter values ​ ​ are set to β 1=0.5 and β 2=0.999.
This optimization configuration can accelerate the
convergence process and effectively suppress model

oscillation. During the training process, we set 500 epochs,
each containing about 500 image samples, to ensure that the
model can fully learn the various features of tumor images.
In addition, to prevent the model from overfitting, we used
random noise as the input of the generator and added a
dropout rate of 0.3 during the training process.

In terms of batch size, we chose 32, which can not only
ensure the reasonable use of video memory, but also
increase the training speed under the condition that
computing resources allow. We also performed a series of
data augmentation operations, including image rotation,
translation, and scaling, to increase the diversity of samples
and improve the model's generalization ability to real-world
tumor images. Throughout the experiment, we monitored the
structural similarity (SSIM) and mean square error (MSE)
between the generated images and the real images, and
evaluated them after every 100 epochs to ensure that the
model can maintain a low error level while generating
high-quality images.

4.3. Experimental Results
In the comparative experiment, we selected four

commonly used generative models for comparative analysis
to evaluate the advantages of the GAN model proposed in
this paper in tumor growth simulation and prognosis
prediction. First, the variational autoencoder (VAE) is a
generative model that maps the input image into the latent
space for sampling and then decoding through the
bidirectional structure of the encoder and decoder to
generate an image similar to the input.

Although VAE performs well in the coherence of
generated images, it often has the problem of blurred image
details. Secondly, the deep convolutional generative
adversarial network (DCGAN) is an extension of GAN. By
introducing convolutional layers in the generator and
discriminator to improve the quality of image generation,
DCGAN can generate clearer images, but it is slightly
lacking in detail richness and diversity. The third
comparative model is the conditional generative adversarial
network (CGAN), which controls the content of the
generated image by adding conditional information (such as
tumor stage or patient characteristics) to the GAN structure
to improve the controllability of the generated image.
Although CGAN can generate images that better meet
specific conditions, its ability to capture complex features is
still limited.

Finally, we chose the self-attention generative
adversarial network (SAGAN), which introduces a
self-attention mechanism to make the generated images
better in the coordination of local and global information,
and the generated images have higher detail clarity and
overall consistency. However, SAGAN has high
computational complexity and long training time. Through
the comparative analysis of these four models, we can more
comprehensively evaluate the advantages and disadvantages
of each model in the tumor growth simulation task,
providing an objective reference for the GAN model effect
of this study. The experimental results are shown in Table 1.

Table 1. Experimental Results
Model SSIM MSE
VAE 0.72 0.035

DCGAN 0.78 0.029
CGAN 0.82 0.025



SAGAN 0.87 0.020
GAN 0.91 0.015

It can be seen from the experimental results that as the
complexity of the model increases, the quality of the
generated images and the accuracy of the model improve.
Specifically, the two indicators SSIM (structural similarity)
and MSE (mean squared error) are gradually optimized,
indicating that GAN has significant advantages in tumor
growth simulation and prognosis prediction tasks.

First of all, the SSIM of the VAE model is 0.72 and the
MSE is 0.035. Although it can generate images that
basically conform to the original data distribution, due to the
random sampling used in its generation process, it is lacking
in detail characterization and image clarity. This results in a
certain gap between the structure and texture of the
generated image and the real tumor image, so the
performance of SSIM and MSE is relatively average. The
overall coherence of the images generated by VAE is
guaranteed, but due to limitations in high-resolution image
generation, it ultimately leads to higher errors.

Secondly, the DCGAN model has significantly
improved the texture and edge details of generated images
by introducing deep convolutional layers. The SSIM of this
model reached 0.78, and the MSE was reduced to 0.029,
indicating that it is superior to VAE in terms of structural
fidelity and image quality. DCGAN can better capture edge
details in tumor images, but due to the relatively simple
model architecture, the ability to capture complex features is
still insufficient, so the space for further optimization is still
limited.

Next, the CGAN model enables the generated images
to be more accurate under specific conditions by adding
conditional information (such as patient characteristics or
tumor types) to the GAN structure. The addition of this
condition information makes the content of the generated
image conform to the specific pathological characteristics,
effectively improving the SSIM to 0.82 and reducing the
MSE to 0.025. This shows that CGAN surpasses DCGAN in
targeted generation and detail richness, providing higher
accuracy for image generation under specific pathological
conditions. However, it should be noted that CGAN is
highly dependent on condition information, and its
generation quality may fluctuate in the absence of sufficient
condition data.

On this basis, the SAGAN model further introduces a
self-attention mechanism, so that the generated image can be
optimized in the coordination of local and global
information. SAGAN's SSIM reached 0.87, and MSE
dropped to 0.020. The self-attention mechanism enables the
model to have stronger capturing capabilities on complex
structures, making the generated images more realistic and
richer in details. Especially in terms of internal texture and
boundary clarity of tumors, the images generated by
SAGAN have a high degree of restoration and can better
reflect the true structural characteristics of tumors. However,
SAGAN has high computational complexity and the training
process is relatively long.

Finally, the GAN model performed best in this
experiment, achieving the best results of SSIM 0.91 and
MSE 0.015. Through continuous optimization of the
generator and discriminator, GAN can generate images with

clearer structural details and more realistic textures. This
high-fidelity generated image greatly enhances the reality of
tumor growth simulation, making the model more applicable
in clinical prognosis prediction. The model's generator and
discriminator continue to play games so that the generated
images gradually approach the distribution of real samples,
which is why it performs outstandingly in tumor growth
prediction. The GAN model has reached the best level in
terms of the richness of details and structural fidelity of the
generated images, which helps to further improve the
accuracy of tumor growth simulation and provides a reliable
basis for subsequent prognostic analysis.

Taken together, these experimental results show that
GAN has obvious advantages in tumor growth simulation
tasks. As the model improves, from VAE to the final GAN
model, SSIM gradually increases and MSE gradually
decreases, showing the improvement trend of the model in
detail restoration, structural clarity and overall consistency.
GAN effectively overcomes the limitations of traditional
generative models by strengthening the adversarial training
of generators and discriminators, and demonstrates powerful
capabilities in medical image generation tasks.

5. Conclusion
In summary, this paper verified the superiority of GAN

in tumor growth simulation and prognosis prediction
through experimental comparison of multiple generative
models. The experimental results show that the GAN model
achieved the best performance in indicators such as
structural similarity (SSIM) and mean square error (MSE),
which is significantly better than traditional VAE, DCGAN,
CGAN and SAGAN models. When generating tumor images,
GAN can achieve a high level of restoration in texture
details and structural fidelity, which makes the generated
images closer to real tumor samples and provides more
accurate simulation effects for clinical applications.
Compared with other models, GAN's adversarial training
mechanism effectively enhances the authenticity and
consistency of generated images, thereby improving the
applicability of the model in tumor growth prediction.

In addition, the results of this study further demonstrate
the great potential of GAN in medical image generation
tasks. By generating high-quality tumor images, GAN
provides strong support for medical diagnosis and treatment
decisions, and contributes to the realization of personalized
medicine and accurate prognosis analysis. In the future, as
the GAN model continues to develop and optimize in
medical imaging technology, it is expected that its
application in tumor research, pathological analysis and
other fields will become more extensive, bringing
far-reaching impacts on the diagnosis and prognosis of
major diseases such as cancer. The promotion of this
technology is not only expected to improve clinical
diagnosis and treatment effects, but also provide new data
support and research ideas for medical research.
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