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Welcome to the Fall 2024 Edition of the
NACMPA newsletter!

We had a very successful annual meeting in
July. Thanks to the local organizing
volunteers  ZhiLei Shen, Sherry Liu,
Chengyu Shi, and others who helped in
selecting an ever nicer seafood restaurant
with well selected menu. Many NACMPA
members and their family attended the

potential roles of Al techniques dinner. We carried out all the routine
agenda of introduction, award, elections. In

WE%?/@WB‘J%%E& 15 addition, this year, our program had been

=y Lu Wang, PhD enriched. We added a scientific presentation
section to attract more participants. We

2024k 35 N =23l 18~ NACMPA President ™ ided an entertaining section to

2> (NACMPA) F£7 energize the meeting atmosphere. An exciting period came when
o Chengyu Shi and ZhiLei Shen performed separately. Dr. Chengyu Shi
ﬁ%%ﬁﬁg =k 24 performed a wonderful talk show, and attendees’ atmosphere immediately

changed and the cheers continued. Dr. Zhilei Shen invited her other two
dance partners to perform ethnic dance, which was very beautiful and

graceful, reflecting the customs of the south of the Yangtze River and the
Seeking Contributors Xk 5 #k gentleness of women.

NACMPA NEWSLETTER Is published by the Of course, the success of the annual meeting was inseparable from our
North American Chinese Medical Physi- Excom members, our volunteers, and our sponsors. Thank you very much
cists Association on a semiannually schedule. for our Excom and members’ selfless dedication. We also very appreciated
We welcome all readers to send us any to our vendors’ contributions! This year, we received the biggest financial

suggestions or comments on any of the support from our vendors in recent years!
articles or new features to make this a more

effective and engaging publi- cation and to

. ) We have been enhancing our communications. With the WeChat group
enhance the overall reader- ship experience.

reaching the maximum 500 limit, our president-elect Dr. Yi Rong started a
Contact us: nacmpa@yahoo.com group for mentees. If you are a student or a Postdoc fellow in the main

e s NACMPA group, please quit there and join the NACMPA |l Mentees
Newsletter Editor: Yi Rong, PhD group. Separately, we have migrated our official website hosting platform
from a relatively outdated hosting platform to Wix. Thank you, Dr. Brian

Wang and Dr. Yin Gao who had worked on this project diligently.

I will pass the president duty to Dr. Yi Rong in 2025 after my two-year term. It’s true that I had taken earlier retirement since
July, as | just wished to have more time for myself and my family, as well as my hobbies and my travel. | will miss my
colleagues and friends in the field. | wish everyone the best in your career, your health, and your family life. Thank you
everyone, especially volunteers and Excom officers for your trust and support of my work and our Association. | am quite sure
that NACMPA will be stronger under the leadership of future.
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The Smart Assistant: Efficient Work in the Era of
ChatGPT

Yunxiang Li, B.S.
Department of Radiation Oncology, UT
Southwestern Medical Center

As a PhD student in the fields of medical physics and
artificial intelligence, my daily life is packed with
staying up-to-date on the latest research papers,
conducting data analyses, and writing articles.
Fortunately, ChatGPT has become a reliable assistant,
helping me manage many of the tedious tasks in my
work more efficiently. Here’s how I’ve integrated
ChatGPT into my daily workflow.

Since my research focuses on applying Al in medical
physics, it’s crucial for me to stay on the cutting edge
of Al research. However, with the rapid developments
in Al, new papers are published almost daily, making
it impossible to keep up with all the latest work on my
own. To address this challenge, I developed a tool
that uses GPT’s API to automatically read all new
papers in the Al field every day, summarizing each
paper into a short paragraph and categorizing them.
This way, | can quickly scan relevant summaries by

category, allowing me to choose the most interesting
papers for an in-depth read. To make this tool
accessible for others, I also created a website (see
Figure 1), where users can subscribe to updates based
on their research interests. Each morning, my server
sends a personalized email to subscribed users with
summaries on the topics they selected. Thanks to
GPT’s ability to quickly process and summarize the
core content of each paper, I’'m able to keep up with
the latest advancements in Al research.

Furthermore, GPT now supports multimodal reading,
making it more like a personal assistant in my daily
life. Whenever | have a PDF filled with dense content,
I simply upload it to GPT to extract the essential
information | need. Additionally, GPT's ability to
autonomously write and execute code is incredibly
powerful—I can have GPT extract data from an Excel
spreadsheet, a Word document, or even an image, and
then automatically write code to analyze the data
visually. Before GPT, this could have taken me
several hours; now, it might only take a few seconds
to get the results I want.

Beyond data analysis, GPT also powers some email
management plugins that help me summarize the core
content of each message. Especially every morning,
when | open my inbox to find a massive stack of
unread emails, it used to take a long time to read each
one to ensure no important information was missed.
Since using the GPT-based email summarization
plugin, I can instantly grasp the essence of each email
and quickly decide if it warrants a detailed read.

In summary, GPT is an all-encompassing assistant.
Once you've experienced life with GPT, it's hard to
imagine going back to life without it.
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Chat Today Paper
Subscribe to the topics you follow, and we'll send you the everyday relevant anxiv papers and summaries to your Email.
3 RIS i
Your Email
example@tu.com e
Keywords
Diffusion Model X Image Registration X Neural Rendering Image-to-Image Translation X X -
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£33
V English
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Subscribe to the topics you follow, and we'll send you tl
Email. Subscription Links
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» Diffusion Model

» Large Language Models
» Image Reconstruction
» Medical Image

» Image Classification

» Image Registration

» Reinforcement learning
» Image Segmentation

» Object Detection

» Object Tracking

» Point Cloud

» Neural Rendering

» Domain Generalization/Adaptation

ChatTodayPaper

Subscribe to the topics you follow, and we'll send you the everyday relevant arxiv papers and summaries to your
Email. Subscription Links
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3 | English
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» Diffusion Model

» Large Language Models

¥ Image Reconstruction

Title: A Probabilistic Attention Model with Occlusion-aware Texture Regression for 3D Hand Reconstruction from a
Single RGB Image

Summary: This paper proposes a novel probabilistic model for 3D hand reconstruction from a single RGB image. The
model-based network estimates the prior probability distribution of joints and vertices, while the Attention-based
Mesh Vertices Uncertainty Regression (AMVUR) model captures dependencies among vertices and correlation
between joints and vertices. An occlusion-aware Hand Texture Regression model is also proposed for high-fidelity
texture reconstruction. The proposed model achieves state-of-the-art accuracy in 3D hand and texture reconstruction
from a single image in both supervised and weakly-supervised scenarios.

Title: Contour Completion by Transformers and Its Application to Vector Font Data
Summary: The paper proposes a Transformer-based method to solve the contour completion task where the missing
points in a contour sequence need to be generated to complete the contour. The paper applies this method to vector
font data and shows the results of typeface contour completion.

Title: Optimization-Inspired Cross-Attention Transformer for Compressive Sensing
Summary: The paper proposes an Op! i pired Cross-attention Transformer (OCT) module for compressive

sensing (CS) in image reconstruction. The OCT is designed as an iterative process that improves visual quality with
fewer parameters and reduces feature information loss. The OCT is integrated with a lightweight OCT-based
Unfolding Framework (OCTUF) that achieves superior performance in CS compared to other methods while training
lower complexity. The paper highlights a novel Dual Cross Attention sub-meodule that introduces multi-channel inertia

Figure 1. The Chat Today Paper website developed by Yunxiang Li.
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Medical Physics Education in Taiwan: Development and

Comparative Overview
Hui-Yu Cathy Tsai, PhD

Professor, Institute of Nuclear Engineering and Science

National Tsing Hua Universit

l. Introduction

Medical physics education in Taiwan has become
increasingly important, driven by the growing
demand for professionals skilled in radiation medicine
and advanced imaging technologies. Three premier
institutions—National Yang Ming Chiao Tung
University (NYCU), Chang Gung University
(CGU), and National Tsing Hua University
(NTHU)—offer graduate-level programs that train
students to excel in both clinical and research-
oriented medical physics. These programs bridge the
gap between theoretical physics and real-world
applications, particularly in diagnostics, radiation
therapy, and radiological safety, while adhering to
global standards to ensure academic excellence and
industry relevance.

1. Program Highlights
a. National Yang Ming Chiao Tung University
(NYCU)

NYCU provides a well-rounded program balancing
theoretical knowledge and practical experience. Core
courses include diagnostic radiological physics,
radiation therapy physics, and nuclear medicine
physics, complemented by essential training in
biostatistics, research ethics, and hands-on clinical
internships. This holistic approach prepares students
to address challenges in both clinical environments
and academic research, making the program ideal for
those seeking comprehensive professional
development.

b. Chang Gung University (CGU)

CGU’s program is rooted in practical, clinical
applications, leveraging its close ties with Chang
Gung Memorial Hospitals. Core subjects such as
radiation dosimetry, medical imaging processing, and
radiation therapy physics are paired with extensive
clinical internships, providing students with firsthand
exposure to clinical workflows. The program aligns
with standards from international organizations like
CAMPEP and AAPM, ensuring that graduates are
fully equipped to meet the demands of modern
healthcare.

c. National Tsing Hua University (NTHU)

NTHU provides a dynamic and research-focused
program that combines foundational coursework,
professional core training, and specialized advanced
electives. The curriculum covers essential topics such
as radiobiology, radiation therapy physics, medical
imaging physics, Monte Carlo simulations, and Al-
based imaging analysis. Aligned with the standards
set by the IOMP (International Organization for
Medical Physics), IAEA (International Atomic
Energy Agency), and CAMPEP (Commission on
Accreditation of Medical Physics Education
Programs), the program emphasizes cutting-edge
technologies and interdisciplinary collaboration. This
approach equips students with the skills and
knowledge needed to excel in innovative academic
research and advanced clinical practice.
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d. Curriculum Comparison

Institution | Core Electives Unique
Curriculum Features
NYCU! - Introduction |- Topicsin | Balanced
to Molecular | mix of
Biomedical Imaging theoretical
Imagingand |-  Statistical | and
Radiological Analysis | practical
Sciences in training,
- Advanced Medical emphasizing
Radiation Imaging academic
Physics - Imaging research and
- Biostatistics Device clinical
- Research Developm | problem-
Ethics ent solving
- - Clinical
Internship
CGU? - Radiation - Molecular | Strong
Dosimetry Imaging clinical
- Anatomyand | - Advanced | focus,
Physiology Radiother | leveraging
- Medical apy hospital
Radiation Physics affiliations
Physics - -Proton for applied
- - Physics of Therapy learning
Radiotherapy Techniqu
- Radiobiology es
NTHU? - Radiation - Monte Research-
Dosimetry Carlo focused
- Anatomy and Simulatio | curriculum
Physiology ns integrating
- Radiobiology | - Alin advanced
- Radiation Biomedic | technologies
Therapy al and
Physics Imaging adhering to
- Medical - Proton international
Imaging Therapy | standards
Physics Applicati | (IAEA,
(including ons CAMPEP)
diagnostic - Molecular
and nuclear Imaging
medicine)
- Health
Physics
- Research
Ethics

I11.  Development, Objectives, and
Achievements at NTHU

1

https://birs.nycu.edu.tw/%e7%a2%a9%e5%8d%9a%e7%8f%ad

%e4%bf%ae%e8%aa%b2%e8%a6%8f%e5%ae%9a/

2 https://mirs.cgu.edu.tw/p/412-1077-2573.php
3 https://curricul.site.nthu.edu.tw/p/406-1208-
182856,r8805.php?Lang=zh-tw

a. Program Design and Planning*

NTHU’s Medical Physics Program is meticulously
designed to address the diverse needs of both
academic research and clinical training. Tailored for
graduate students, the program requires 18 credit
hours, with at least nine credits drawn from non-
major-related subjects to foster interdisciplinary skills.
Core courses such as radiation dosimetry,
radiobiology, radiation therapy physics, medical
imaging physics, and health physics establish a solid
academic foundation. Advanced electives, including
Al applications in medical imaging and Monte Carlo
techniques, provide opportunities for specialization,
allowing students to explore cutting-edge
technologies in the field. The curriculum adheres to
global education standards set by leading
organizations such as IOMP, IAEA, and CAMPEP,
ensuring alignment with international best practices.

To prepare undergraduates for a seamless transition
into medical physics, NTHU also offers a robust and
interdisciplinary undergraduate curriculum. This dual-
track approach comprises a primary specialization
and a secondary specialization. The primary
specialization includes 20 credits of foundational
courses, such as general physics, programming,
engineering mathematics, and numerical analysis,
which equip students with the analytical and technical
skills needed for advanced study. The secondary
specialization, designed for students from other
disciplines, requires 32 credits, including 23 credits of
core subjects like introduction to atomic science,
electromagnetism I, modern physics I, probability and
statistics, radiation safety, radiation measurements
and laboratory, alongside 9 credits of electives such
as quantum mechanics, medical instrumentation, and
advanced radiation physics. This comprehensive
framework not only prepares undergraduates for
graduate programs but also provides them with the
theoretical and practical expertise to meet the
demands of a rapidly evolving field. By integrating
foundational sciences with specialized medical
physics training, NTHU fosters a pipeline of highly
skilled professionals equipped to excel in both
academic and clinical settings.

b. Goals and Vision

1. Comprehensive Training: Equip

4 https://nuclear.site.nthu.edu.tw/p/426-1071-34.php?Lang=zh-
tw
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students with the theoretical knowledge and practical
expertise needed for clinical problem-solving and
research innovation.

2. Global Alignment: Pursue
international accreditation, ensuring graduates are
prepared to compete on a global stage.

3. Career Readiness: Foster
employability in clinical settings, research institutions,
and the medical technology sector.

4. Innovative Leadership: Promote
cutting-edge technologies such as Al, radiomics, and
precision medicine in radiation therapy and imaging.

c. Achievements and Impact

. Student Success: Since its inception in
2019, the program has graduated 13 students who
have secured academic and clinical positions.

. Clinical Integration: Partnerships
with leading hospitals, including Chang Gung
Memorial Hospitals, Taipei Veterans General
Hospital, and National Taiwan University Cancer
Center, provide students with invaluable real-world
training.

. Workforce Development: The
program addresses critical gaps in Taiwan’s medical
physics workforce, particularly in advanced
modalities like particle therapy and radiomics.

. Community Outreach: Remote
courses have been introduced for working
professionals, benefiting over 120 participants and
broadening access to medical physics education.

. Innovation Leadership: The
program’s interdisciplinary approach, blending
physics, Al, and biomedical engineering, has
established NTHU as a regional leader in medical
physics education.

V. Conclusion

The medical physics programs at NYCU, CGU, and
NTHU exemplify Taiwan’s dedication to cultivating
highly skilled professionals in radiation medicine and
imaging sciences. Each institution offers unique
strengths: NYCU emphasizes a balanced foundation,
CGU focuses on clinical readiness, and NTHU
highlights research innovation and advanced
technologies. Together, these programs not only meet
international standards but also address global
workforce needs, advancing the field of medical
physics education. NTHU’s progressive curriculum,
strong hospital affiliations, and innovative research
initiatives make it a valuable contributor to the
international medical physics community.

Postscript

National Tsing Hua University (NTHU) is committed
to providing its students with diverse clinical learning
opportunities. We warmly invite esteemed medical
institutions in North America to host our graduate
students for an 8-week internship or observership
during the summer. Should you be interested in
collaborating, please reach out to Professor Hui-Yu
Tsai at huiyutsai@mx.nthu.edu.tw. Your support in
offering this invaluable training opportunity is greatly
appreciated.

20. Wei S, Lin H, Shi C, Xiong W, Chen CC, Huang S,
Press RH, Hasan S, Chhabra AM, Choi JI, Simone CB 2nd,
Kang M. Use of single-energy proton pencil beam scanning
Bragg peak for intensity-modulated proton therapy FLASH

treatment planning in liver-hypofractionated radiation therapy.
Med Phys. 2022 Oct;49(10):6560-6574.
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Overlook of Adaptive Radiotherapy (ART) and

potential roles of Al techniques

Ying Zhang, Mu-Han Lin
Department of Radiation Oncology, University of Texas Southwestern Medical Center, Dallas, TX

Over the past decades, technological advancements have significantly enhanced the precision of radiation
planning and delivery. Traditional radiotherapy (RT) approaches assume a stable patient anatomy over the whole
course of treatment, using planning margins to account for minor anatomical or setup variations. In reality, daily
anatomical changes—such as organ filling, changes in patient weight, and tumor size or shape—can often impact
treatment accuracy. Recently, adaptive radiotherapy (ART) has emerged as a solution to accommodate these
changes by adjusting treatment plans based on updated patient anatomy. As another important development in
radiation oncology, the application of artificial intelligence (Al) has shown tremendous potential across various
aspects of the field. The improvements in efficiency and consistency offered by Al are especially beneficial for the
time- and resource-intensive ART workflows. However, some challenges remain for the clinical implementation of
Al in ART. The purpose of this mini-review is to provide a concise overview of the current status of ART for
general readers and to summarize the current and potential future applications of Al in ART.

1. ART: More precision, more personalization

Adaptive radiotherapy (ART) is revolutionizing cancer treatment by increasing both precision and
personalization. By adjusting radiation doses to account for each patient’s unique and changing anatomical or
biological characteristics, ART strives to enhance the accuracy of tumor targeting while minimizing exposure to
healthy tissue. Early clinical studies have shown promising results, with improved treatment outcomes and better
sparing of normal tissue, leading to reduced toxicity for patients.

As outlined in Table 1, ART can be divided into four main categories, each focusing on different aspects of
patient-specific adjustments and varying in frequency. Offline ART involves adjustments based on observed
significant anatomical changes that could cause considerable deviations from the planned dose. This approach uses
updated imaging between treatment sessions to make modifications for future treatments, compensating for the
limitations of a one-plan-fits-all radiotherapy approach and adapting for the evolving anatomy. Typically, re-
simulation images (re-CT) are acquired, and the entire planning process is repeated to align with the patient’s
current anatomy. While offline ART is relatively straightforward to implement and has lower technical
requirements, it is limited in responding to daily anatomical changes.

In contrast, online ART involves performing the ART workflow within the same treatment session, using
imaging acquired in real-time to adapt the plan based on the patient’s current anatomy. Recently, advancements in
imaging-integrated ART systems, such as MRI-Linac machines (Elekta Unity 1.5T, ViewRay 0.35T), CBCT-based
systems like Varian Ethos, and PET-guided Reflexion systems, have enabled the clinical implementation of online
ART. Unlike offline ART, which typically uses conventional radiotherapy software and workflows and takes hours
to days for planning, online ART relies on specialized software and hardware platforms, allowing for replanning to
be completed while the patient remains on the treatment table. By adapting to the "real" anatomy for each session,
online ART often uses smaller margins and can deliver escalated doses to the tumor while minimizing toxicity to
surrounding healthy tissues.

Biological Adaptive Radiotherapy (Biological ART) tailors treatment based on biological markers or
functional imaging, such as PET scans or functional MRIs, to target specific subregions within the tumor,
like hypoxic areas or regions with high SUV uptake. This approach enables *dose painting,”™ delivering
higher radiation doses to biologically active areas while sparing healthy tissue. Although it offers a high level
of personalization and potential therapeutic benefits, it requires reliable biological markers and is a complex,
labor-intensive, and costly procedure.

Intra-fractional ART adjusts treatment within a single session based on real-time imaging, responding to
anatomical changes that occur during treatment. This approach accounts for shifts in anatomy, such as ongoing
bladder filling or the movement and deformation of abdominal gas pockets and organs, which are not fully
addressed by pre-session adaptations. While this method offers adaptability to rapid changes, it requires high-speed
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imaging and real-time plan adaptation, presenting significant technical challenges. Currently, such technology is not
yet available, but with advancements in radiotherapy planning and delivery software and hardware, real-time ART
represents the next stage in achieving more precise and personalized radiotherapy.

Table 1 Main Categories of Adaptive Radiotherapy

Category
of - o
Adaptive Description Example Advantages Limitations
RT
Adaptation based on prior Periodical plan Easier to implement;
Offline | treatment data, with calpla P ' | Limited responsiveness to
. adaptation using re- | lower technical ) ;
ART adjustments made for o daily anatomical changes
) sim images demand
future sessions
MRI-Linac online Account for inter-
Plan adaptation performed adaptation system fractmngl anatomy Time-intensive; requires
. . (e.g., Elekta Unity or | changes; reduced L
Online | during each treatment ; . T sophisticated
) . ViewRay MRIdian), | margin/improved ) . i
ART session based on daily . - . . imaging/planning
imagin CBCT-guided precision with daily technolo
ging adaptation systems imaging; Highly 9y
(Varian Ethos) responsive;
Adjustments based on Hypox[a-gmd_ed Tailors treatment to )
. . . . adaptation using PET | . . .| Complex and costly; needs
Biological | biological markers or biological response; . . .
> L or MRI to target . . reliable biological markers
ART functional imaging (e.g., . potential for high . i
hypoxic tumor L or imaging
PET) . personalization
regions
Intra- Adjustments within Fhe . . Accounts for rapid Requires fast imaging and
: same treatment fraction Real-time tracking, . S
fractional (during the session) based | respiratory gatin changes (e.g., organ | real-time computing;
ART g the sesstor piratory gating motion) limited availability
on real-time imaging

2. Current Challenges for ART
Despite the promise of ART, especially the online ART, its clinical adoption has been limited due to the
following major challenges. These barriers highlight the complexities and resource demands of integrating ART in
clinical practice.
1) Lack of standardized patient selection and screening system and clinical decision-support systems: A

2)

3)

4)

comprehensive and consistent approach to patient screening is essential to identify individuals who are most
likely to benefit from ART. There is also a need for a system that can better match patients to appropriate ART
treatments and modalities, prioritizing those who are likely to achieve success with the intervention. Such a
system could also help reduce the number of patients undergoing ART who may not benefit, thereby improving
both cost-effectiveness and patient satisfaction.

Low efficiency: The ART process is time-consuming, requiring frequent human interventions while the patient
waits on the treatment couch. On-couch time averages around 30 minutes for the Varian Ethos ART system
and can extend to 60 minutes or more with the Unity MRI-linac, making it challenging for patients to tolerate
and consuming valuable clinical resources.

Need for a diverse team and significant resources: Implementing ART is human-resource intensive,
requiring specialists like physicians, physicists, dosimetrists, and therapists who work together to adjust
treatments in real-time. Smaller clinics often lack these skilled personnel, limiting ART’s availability outside
well-resourced centers. Streamlined, automated adaptation systems are needed to expand access and enable
more patients to benefit from this advanced technology.

Lack of Standardized and Comprehensive QA Programs: Over the years, many QA programs have been
developed and integrated into the ART workflow, such as secondary dose verification and file integrity checks.
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However, there are still several critical steps that heavily rely on manual checks, such as contour QA and plan
quality QA, which are subjective and prone to human error. There is a need for more automated, robust, and
standardized QA workflows for each step of ART.

5)

3. Role of Al for ART
In recent years, Al has demonstrated tremendous potential in the field of radiation oncology by automating time-

consuming tasks, providing assistance and predictive capabilities, and improving the efficiency and consistency of
the RT workflow. As Al technology evolves, its role in radiotherapy is expected to grow, especially with the
emergence of new treatment techniques like ART. This evolution promises to deliver more refined and personalized
treatment strategies, enhancing patient care quality, improving the effectiveness of radiotherapy, optimizing patient
outcomes, and reducing side effects.

In Table 2, we summarize some representative examples of current Al applications in ART, along with reference
papers. Due to the limited scope of this mini review, we will briefly summarize the major applications for the
general reader and cannot guarantee that it fully covers all the novel applications of Al in ART. Current Al
applications in RT span multiple stages of treatment, from initial visits to clinical workflow optimization. These
advancements are particularly valuable in online ART settings, where timely adaptation is essential.

« Initial Visit: Al helps with trial screening, identifying patient eligibility for clinical trials, and provides
treatment decision support for suitable treatment based on patient data and trial results.

e Imaging Acquisition & Quality Improvement: Al enhances fasting imaging by optimizing protocols[1], and
enables synthetic imaging, converting among different imaging modalities (e.g., CBCT to CT[2], MRI to CT[3]).

e Treatment Planning: Al-driven image segmentation techniques help automate the delineation of tumors and
surrounding healthy tissues, reducing manual workload while improving accuracy and consistency[4]. Al
techniques can also assist in selecting optimal beam angles[5]. With deep learning-based dose prediction[6], a
personalized directive can be derived to guide planners in creating optimal treatment plans[7]. Additionally,
recent work has explored the use of LLM-based plan evaluation and auto-planning to generate and assess
treatment plans.

e Quality Assurance (QA): Al has been used to verify treatment accuracy with fast second dose verification[8].
Al-based quality assurance tools evaluate and correct contours automatically, ensuring high contouring
standards are maintained in ART workflow [9]. It can also monitor machine calibration, and analyzes log-based
patient specific delivery monitoring [10].

e Motion Management: Al tracks and predicts for tumor and organ motion, ensuring more precise treatment
delivery[11].

« Radiomics & Outcome Monitoring: Al predicts prognosis, monitors treatment response through imaging
biomarkers, and estimates survival and recurrence. Machine learning in radiotherapy uses past patient data to
identify patterns in tumor response, helping predict treatment success and side effects. This enables clinicians to
make informed decisions and personalize treatment protocols, enhancing efficacy and managing side effects [12,
13].

e Clinical Workflow Optimization: Al automates routine tasks like scheduling and image annotation and helps
with resource allocation and scheduling to optimize the clinical workflow [14, 15].

e The future of Al in ART

As Al models continue to learn from clinical data, they are expected to improve efficiency, reduce variability,
and enhance the accuracy and robustness. The convergence of Al and ART is creating a new frontier in RT field.
ART offers significant advantages by tailoring radiation doses to accommodate changes in a patient's anatomy over
time. However, questions still persist about the optimal frequency of adaptations and the ideal radiation dose to
apply in each case. The potential of Al in ART is immense, poised to reshape cancer treatment by improving
precision, personalization, and overall efficiency. Al-powered tools are capable of automating complex tasks such
as tumor contouring, dose optimization, and real-time treatment planning, reducing manual workload and
minimizing delays in treatment. By analyzing vast datasets from patient anatomy and treatment outcomes, Al
models can predict and adapt to changes in a patient's tumor/anatomy, allowing for more dynamic, individualized
care. Furthermore, Al systems are being fine-tuned to personalize treatment plans based on each patient's unique
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anatomical and biological traits, leading to better clinical outcomes and less side effects. As Al technology
continues to advance, it will become an integral part of ART, making ART more accessible and reliable in routine
clinical practice and offering significant benefits for both patients and clinicians.

Table 2 Representative examples of current Al applications in RT

Application __
Area Al Applications
Initial Visit Trial Screening: Al identifies patient eligibility for clinical trials[16].

Treatment Decision Support: Al provides decision support based on patient data
and trial results[17].
Imaging Fasting Imaging: Al optimizes accelerated imaging protocols [1]

gﬁgllji';t'on & Synthfet_ic Imaging (CBCT_ to CT, MRI to CT, etc.): Al converts imaging
Improvement modalities to create synthetic images [2, 3].
Automated Contouring of Tumors and Organs-at-Risk: Al assists with accurate
contour delineation [4, 18].
Treatment Beam Angle Selection and Optimization: Al assists in beam angle selection for
Planning optimal dose distribution[5].
Personalized Dose Prescription: Al tailors dose prescriptions to individual patient
anatomy and tumor characteristics [7].
Dose Prediction and Optimization: Al predicts dose distributions to optimize
treatment plans [6].
LLM-based Plan Evaluation and Auto-Planning: Al evaluates and generates
treatment plans using language models.
Second Dose Verification: Al provides a second verification of planned vs. delivered
Quality doses[8].
Assurance Contour Quality Check: Al evaluates contour accuracy and consistency[9].
(QA) Al-driven Analysis of Machine Calibration: Al monitors treatment machine

performance over time[19].

Log-based Delivery Monitoring and QA: Al analyzes machine logs for accurate
treatment delivery [10].

Motion Detection and prediction of Tumor and Organ Motion: Al tracks and compensates
Management | for patient movement[11, 20].

Tumor Characterization and Prognosis Prediction: Al analyzes radiomics features

Radiomics & to assess prognosis[12].
Outcome — - — - -
Monitori Treatment Response Monitoring: Al monitors changes in imaging biomarkers to
onitoring
assess treatment response[21].
Predicting Survival and Recurrence Probabilities: Al models predict patient
survival and recurrence risks[13].
Clinical Automating Routine Tasks: Al guide workflow optimization by identifying the key
Workflow factors responsible for workflow outcomes [15].

Optimization | Optimizing Resource Allocation and Scheduling: Al assists in resource planning
and treatment scheduling[14].
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