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Introduction
Ultrasound (US) has remained one of the most widely used imaging 

techniques in clinical practice due to its accessibility, lack of ionizing 
radiation, and real-time imaging capabilities. In oncology, traditional 
ultrasound has been primarily utilized for the detection of palpable 
tumors, guidance for biopsies, and monitoring of known malignancies. 
However, the limitations of conventional ultrasound in tumor detection 
and characterization, particularly with regard to tumor depth, 
vascularity, and tissue stiffness, have led to the development of advanced 
ultrasound techniques. Recent innovations in ultrasound technology, 
such as elastography, contrast-enhanced ultrasound (CEUS), and 
three-dimensional (3D) imaging, have significantly improved the 
precision and diagnostic capabilities of ultrasound in oncology. These 
advanced techniques provide additional insights into the biological 
behavior of tumors, helping oncologists make more informed decisions 
regarding diagnosis, staging, prognosis, and treatment [1]. This review 
will discuss the current applications of advanced ultrasound techniques 
in oncology, focusing on elastography, CEUS, and 3D ultrasound. We 
will also explore the future directions of these technologies in cancer 
detection and management [2].

Current Applications in Oncology

One of the primary roles of ultrasound in oncology is tumor 
detection and diagnosis. Ultrasound is widely used in the examination 
of solid tumors in organs such as the liver, breast, prostate, and 
thyroid. Its real-time imaging capability and non-invasive nature 
make it a valuable diagnostic tool, especially for routine screenings 
and monitoring. For example, in liver oncology, ultrasound remains 
a gold standard for monitoring hepatocellular carcinoma (HCC) in 
high-risk populations. Similarly, breast cancer diagnosis is often aided 
by ultrasound, particularly in distinguishing benign from malignant 
lesions. In addition to tumor detection, ultrasound also plays a crucial 
role in the characterization of tumors. Techniques such as elastography, 
which measures tissue stiffness, and Doppler ultrasound, which assesses 
blood flow, have enhanced ultrasound’s ability to differentiate between 
benign and malignant masses. Malignant tumors often exhibit altered 
stiffness or increased vascularity, which can be identified through 
these advanced ultrasound techniques. For example, elastography 
is particularly useful in liver and thyroid cancers, as tumors in these 
areas tend to be stiffer compared to surrounding healthy tissues [2]. 
Furthermore, ultrasound is an essential tool in cancer staging, which is 
critical for determining treatment strategies. It is especially effective in 
evaluating local lymph node involvement and assessing tumor spread 
to adjacent tissues. For instance, in head and neck cancers, ultrasound 
helps assess cervical lymph nodes, while in colorectal cancer, it aids 
in evaluating regional lymphatic spread. This capability is crucial for 
guiding surgical decisions and planning radiation therapy. Ultrasound 
also has a significant role in image-guided biopsy and intervention. 
Real-time visualization of tumors through ultrasound allows for 
accurate needle placement during biopsy procedures, reducing the risk 
of complications and improving diagnostic accuracy. In addition to 
biopsy, ultrasound is increasingly used in minimally invasive therapeutic 
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procedures, such as tumor ablation. High-intensity focused ultrasound 
(HIFU) and microwave ablation are examples of ultrasound-guided 
therapies that offer a less invasive alternative to surgery, particularly for 
tumors in the liver, kidney, and prostate [3].

Technological Advancements

The integration of advanced technologies into ultrasound systems 
has significantly improved its performance in oncology. Contrast-
enhanced ultrasound (CEUS) is one such advancement that has 
greatly enhanced tumor visualization. By using microbubble contrast 
agents, CEUS improves the ability to visualize blood flow within 
tumors, providing detailed information about tumor vascularity. 
This is particularly helpful in evaluating liver lesions, where it aids in 
differentiating between benign and malignant masses. The enhanced 
contrast allows oncologists to better characterize tumor features such 
as perfusion patterns and vascular anomalies, which are common 
in malignant tumors. Elastography, another major advancement in 
ultrasound technology, is particularly useful in oncology for assessing 
tumor stiffness. In malignant tumors, tissue stiffness is often increased 
due to the higher collagen content and altered tissue architecture. 
Elastography quantifies this stiffness, providing a non-invasive 
method to evaluate the mechanical properties of tumors. Shear wave 
elastography, a more advanced form of elastography, measures the 
velocity of shear waves through tissue, offering more precise and reliable 
results. This technique has been successfully applied in the monitoring 
of liver, breast, and prostate cancers [4]. 3D and 4D ultrasound imaging 
technologies have further enhanced ultrasound’s capabilities, allowing 
for more detailed and accurate tumor assessments. These technologies 
provide a three-dimensional view of tumors, offering a clearer picture 
of their size, shape, and location within the body. This is particularly 
beneficial for evaluating complex tumors located in difficult-to-reach 
areas. The ability to visualize tumors in three dimensions aids in 
planning surgical or radiation treatments by providing a more precise 
understanding of the tumor’s relationship to surrounding structures 
[5]. Additionally, artificial intelligence (AI) has begun to play a role in 
ultrasound imaging, particularly in image analysis. AI algorithms can 
assist in the automatic detection and classification of tumors, reducing 
the time required for diagnosis and improving accuracy. By analyzing 
large datasets of ultrasound images, AI can identify patterns and 
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features indicative of malignancy that might be overlooked by human 
examiners. This can help improve the consistency and reliability of 
ultrasound in oncology, particularly in busy clinical environments.

Future Prospects
Looking ahead, the potential for ultrasound in oncology appears 

promising. As the field of personalized medicine continues to grow, 
ultrasound will likely play a critical role in tailoring treatments to 
individual patients. The ability to assess tumor stiffness, blood flow, 
and other characteristics using elastography and Doppler ultrasound 
could allow for more personalized treatment strategies. For example, 
these techniques might help determine the aggressiveness of a tumor, 
guiding decisions about the most appropriate therapeutic approach. 
The integration of ultrasound with other imaging modalities, such as 
magnetic resonance imaging (MRI) and positron emission tomography 
(PET), is another exciting prospect. Hybrid imaging systems that 
combine the strengths of different modalities could provide more 
comprehensive information, enhancing diagnostic accuracy and 
treatment planning. For example, combining ultrasound with MRI 
could provide superior soft-tissue contrast, which would be particularly 
beneficial for evaluating tumors in complex anatomical regions, such 
as the brain or pelvis [6]. Ultrasound-guided therapies, including 
gene therapy and immunotherapy, may also become more prevalent 
in the future. Techniques like sonoporation, which uses ultrasound 
to temporarily open cell membranes and enhance the delivery of 
therapeutic agents, hold promise for improving the effectiveness of 
these novel treatments. By enabling targeted drug delivery directly to 
tumors, ultrasound could play a vital role in improving the outcomes of 
gene therapies and immunotherapies [7].

Conclusion
Advanced ultrasound techniques, including elastography, contrast-

enhanced ultrasound (CEUS), and 3D ultrasound, have significantly 
expanded the role of ultrasound in oncology. These techniques 
offer valuable insights into tumor detection, characterization, and 
monitoring, providing non-invasive, real-time, and cost-effective 
alternatives to traditional imaging modalities. As technology 
continues to evolve, the integration of advanced ultrasound with 
artificial intelligence and multimodal imaging will further enhance its 
capabilities in oncology, improving diagnostic accuracy and patient 
outcomes. Despite some limitations, advanced ultrasound remains an 
essential tool in the oncologist’s imaging armamentarium and is poised 
to play an even more prominent role in the future.
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