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President Message

Dear Friends and Colleagues

On behalf of the Korean Society of Medical Physics (KSMP) and the Organizing Committee of the Korea-Japan 

Joint Meeting on Medical Physics (KJMP), it is our great pleasure to invite you to the 9th KJMP which will be held 

on 9-10 Sep 2021 in conjunction with the 62nd Scientific Meeting of KSMP and the 122nd Scientific Meeting of JSMP.

Due to COVID-19, this one-year delayed triennial joint conference will be held fully online format.

Under the theme of “Create the Future of Medical Physics Together”, the Organizing Committee of the 9th KJMP 

are designing high quality scientific sessions and symposiums to deal with the current hot topics in medical phys-

ics.

It is the wish of the KSMP and JSMP to provide invaluable opportunities to discuss and strengthen our experi-

ences and knowledge in medical physics, along with culture and friendships.

We have this joint meeting every three years since 1996 and expect more than 400 participants in this year.

With hope to sharing our friendships with colleagues from all over the world, especially from Asian countries, 

we extend our heartfelt invitation to you to welcome to the 9th Korea-Japan Joint Meeting on Medical Physics.

We are looking forward to seeing you in September. Warm regards,

Byungchul, Cho, Ph.D.
President of Korean Society of 

Medical Physics

Se Byeong, Lee, Ph.D.
President of 9th KJMP  

Organizing Committee
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Welcome Message from President of JSMP

On behalf of Japan Society of Medical Physics (JSMP) and the Organizing Committee of the Korea-Japan Joint 

Meeting on Medical Physics (KJMP), it is our pleasure to hold the 9th KJMP in conjunction with the 62th Scientific 

Meeting of Korean Society of Medical Physics (KSMP) and 122th Scientific Meeting of JSMP.

KSMP and JSMP have been a good relationship, especially through the Korea-Japan (Japan-Korea) Joint meet-

ing on Medical Physics, KJMP(JKMP), that has been held once every three years since 1996. The 1st KJMP was held 

in Seoul in 1996 , the 2nd JKMP in Chiba in 1999, 3rd KJMP in Gyeongju in 2002, 4th JKMP in Kyoto in 2005, 5th KJMP 

in Jeju in 2008, 6th JKMP in Fukuoka in 2011, 7th KJMP in Busan in 2014, and 8th JKMP in Osaka in 2017. The num-

ber of participants of KJMP(JKMP) has been on the rise, with more than 500 in the 8th JKMP. Unfortunately, due to 

the spread of COVID-19, the 9th KJMP was postponed from 2020 to this year, 2011, and has to be held as a virtual 

meeting.

The theme of “The Future of Medical Physics Created Together” was established to respond to the rapidly 

changing environment of medical physics. The recent environmental conditions surrounding radiotherapy, radio-

diagnosis, and nuclear medicine have changed significantly due to the introduction of AI, the fusion of diagnosis 

and therapy and so on. The education and training including these new trends are becoming increasingly impor-

tant and required. KSMP and JSMP are also expected to contribute to improving the medical physics education 

and training environment, especially, in the Asian region with our resources and experiences.

We hope that this 9th KSMP Conference will help you find bright directions in medical physics.

Shigekazu Fukuda, Ph.D.
President of Japan Society of 

Medical Physics (JSMP)
President of 9th KJMP  

Organizing Committee
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Program
Date: September 9th–10th (Thu–Fri), 2021 

Venue: Virtual Meeting 

Day 1 (Sep. 9, 2021)

Opening Ceremony
ALL

09:00-09:10 Welcome Address Se Byeong Lee
Co-President of KJMP

Congratulatory Remarks Byungchul Cho
President of KSMP

Shigekazu Fukuda
Co-President of KJMP, President of JSMP

Keynote Session  (40 mins Presentations/5mins Q&A)
ALL

Chairs: Byungchul Cho Asan Medical Center,  
Shigekazu Fukuda National Institutes for Quantum and Radiological Science and Technology

09:10-09:55 AAPM’s vision for global collaborations Saiful Huq
Ex-President of American Association of 
Physicists in Medicine

09:55-10:40 Medical Physics education and profession in AFOMP region - 
need for greater international cooperation and way forward

Arun Chougule
President of Asia-Oceania Federation of 
Organizations for Medical Physics

10:40-10:50 Break

Symposium 1: AI and Human Together (25 mins Presentations/5 mins Q&A)
ALL

Chairs: Sang Hyoun Choi KIRAMS, Taiki Magome Komazawa University

10:50-11:20 Deep-learning inspired imaging in medicine Jong-Chul Ye
KAIST

11:20-11:50 AI driven applications in medical physics Junichi Kotoku
Teikyo University

11:50-12:20 Deep Learning Enabled Ultra-low-dose CT Imaging and 
Healthcare Innovation

Jonghyo Kim
Seoul National Univeresity

Industrial Talk 1 (HDX)
Channel A

Moderator: Kim Yong Hwi, HDX company

12:20-13:20 Artificial Intelligence for Safer, Faster Radiotherapy John Sage 
Mirada Medical

Industrial Talk 2 (Raysearch Lab)
Channel B

Moderator: Jinsung Kim Yonsei University

12:20-13:20 RayStation and RayCare- Release update 2021 Erik Traneus 
Raysearch Lab.

Clinical introduction of RayStation for Carbon ion Therapy at 
Yamagata University Faculty of Medicine

Takayuki Kanai 
Yamagata University
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Date: September 9th–10th (Thu–Fri), 2021 

Venue: Virtual Meeting 

Day 1 (Sep. 9, 2021)

Industrial Talk 3 (DK Medical Solution)
Channel C

Moderator: Juhyun Lee  DK Medical Solution 

12:20-13:20 Sumitomo’s Latest Proton Therapy Technologies Kenzo Sasai 
Sumitomo Heavy Industries, Ltd.

13:20-14:00 Virtual Vendor Booth Visit

Oral Session 1: Multi-disciplinary Track (7 mins Presentations/2 mins Q&A)
Channel A

Chairs: Hosang Jeon Busan University Hospital, Naoki Hayashi Fujita Health University

Oral Session 2: Therapy Track (7 mins Presentations/2 mins Q&A)
Channel B

Chairs: Jungmin Seo Busan Catholic University Hospital, Toru Kojima Saitama Cancer Center

YIA Competition 1 (7 mins Presentations/2 mins Q&A)
Channel C

Chairs: Wonmo Sung Catholic University Hospital, Taiki Magome Komazawa University 

15:30-15:40 Break

Symposium 2: X-ray and Particle Together (25 mins Presentations/5 mins Q&A)
ALL

Chairs: Haksoo Kim National Cancer Center,  
Hideyuki Mizuno National Institutes for Quantum and Radiological Science and Technology

15:40-16:10 Clinical experiences in photon and proton therapies Heechul Park
Sungkyunkwan University School  
of Medicine

16:10-16:40 Charged-particle therapy with multiple ion beams Taku Inaniwa
National Institute for Quantum and 
Radiological Science and Technology, 
Japan

16:40-17:10 Medical physicist’s roles in multi-beam therapy era Jinsung Kim
Yonsei University
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Day 2 (Sep. 10, 2021)

Symposium 3: Imaging and Therapy Together (25 mins Presentations/5 mins Q&A)
ALL

Chairs: Jinsu Kim KIRAMS, Shinichiro Mori National Institutes for Quantum and Radiological Science and Technology

09:00-09:30 Advanced preclinical PET imaging techniques Jaesung Lee
Seoul National University

09:30-10:00 Radiomics and theragnosis approaches for precision medicine Hidetaka Arimura
Kyushu University

10:00-10:30 MR-LINAC research focuses Noriyuki Kadoya
Tohoku University

10:30-10:40 Break

Oral Session 3: Imaging Track (7 mins Presentations/2 mins Q&A)
Channel A

Chairs: Kyeong Min Kim KIRAMS, Makoto Sakai Gunma University

Oral Session 4: Data Science Track (7 mins Presentations/2 mins Q&A)
Channel B

Chairs: Chul Hee Min Yonsei University, Satoru Sugimoto Juntendo University

YIA Competition 2 (7 mins Presentations/2 mins Q&A)
Channel C

Chairs: Yoonsun Chung Hanyang University, Satoshi Kito Komagome Hospital

Industrial Talk 4 (Elekta)
Channel A

Moderator: Jiyoung Kim Elekta

12:10-13:10 Precision Radiation Medicine - Improving ACCESS through Automation Raniel Sarmiento
Elekta

Industrial Talk 5 (Varian)
Channel B

Moderator: Selena Hsieh, Min-Joo Kim (Varian)

12:10-13:10 Adaptive IntelligenceTM with Ethos (tentative) Jeremy Booth
Royal North Shore Hospital, 
Univ. of Sydney

Industrial Talk 6 (Withus Meditech)
Channel C

Moderator: Jaejong, Cho Withus Meditech

12:10-13:10 Building Future QA Solutions for Patient Safety with LAP Elaine Mathews 
LAP GmbH Laser Applikationen

13:10-13:30 Virtual Vendor Booth Visit

Program
Date: September 9th–10th (Thu–Fri), 2021 

Venue: Virtual Meeting 
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Day 2 (Sep. 10, 2021)

Poster Session 1 (Fast View)
Channel A

Chairs: Kihong Son ETRI, Hidetaka Arimura Kyushu University

Poster Session 2 (Fast View)
Channel B

Chairs: Minjae Park Asan Medical Center, Kenta Takada Gunma Prefectural College of Health Sciences

Poster Session 3 (Fast View)
Channel C

Chairs: Rizza Pua KAIST, Hirokazu Mizuno Osaka Rosai Hospital

14:30-14:40 Break

Oral Session 5: Therapy Track (7 mins Presentations/2 mins Q&A)
Channel A

Chairs: Young Kyung Lim National Cancer Center, Mutsumi Tashiro Gunma University

Oral Session 6: Multi-disciplinary Track (7 mins Presentations/2 mins Q&A)
Channel B

Chairs: Changhwan Kim Yonsei University Hospital, Hideyuki Takei University of Tsukuba

Oral Session 7: Therapy Track (7 mins Presentations/2 mins Q&A)
Channel C

Chairs: Myonggeun Yoon Korea University, Toshiyuki Toshito Nagoya Proton Therapy Center

16:10-16:40 Break & Award Committee Meeting

16:40-17:10 Award Ceremony & Closing Address

Program
Date: September 9th–10th (Thu–Fri), 2021 

Venue: Virtual Meeting 
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AAPM’s Vision for Global Collaborations
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Cancer knows no boundaries. Data from the World Health Organization (WHO) show that about 71% of global deaths in 

2016 are attributed to noncommunicable diseases (NCDs). The United Nations unanimously approved a resolution in sup-

port of the “prevention and control of noncommunicable diseases, among which cancer is a leading cause of death”. While 

NCDs such as diabetes and chronic lung diseases are important public health issues that currently do not have significant 

medical physics involvement, imaging and treatment for cardiac diseases and cancer fall squarely in the realm of the medi-

cal physics profession. 

According to Globocan estimates, in 2018, 18.1 million new cancer cases occurred, and 9.6 million people died world-

wide. Based on population growth and aging, it is estimated that the global cancer burden will grow to 29.4 million cases 

and 17 million deaths in 2040. In 2012, about 29 million people died from cancer in low-and-middle income countries 

(LMICs). The World Health Organization estimated that nearly 70% of these people did not have any access to cancer care. 

The situation is much worse in low-income countries where about 90% of the people do not have any access to cancer care. 

The reasons for lower survivals in LMICs are multifaceted. These include, but are not limited to, inabilities to obtain ac-

curate diagnosis, lack of access to medicines and therapy, abandonment of therapy and many others. The realization that 

such disparities exist in imaging technologies and cancer treatments to underserved populations provides an impetus for 

our specialty to develop strategies to close the gap in standard imaging and cancer therapy procedures. 

The increased use of radiation technologies for radiotherapy, imaging and nuclear medicine means even greater needs 

for involvement of qualified medical physicists to the safe planning and delivery of high-quality care to cancer patients. It 

is estimated that by 2025 more than 6000 medical physicists, 7500 radiation oncologists and 20,000 radiation therapists will 

be needed in low-and middle-income-countries. Consequently, this will lead to an increased need for additional resources 

and infrastructure to train and educate professionals. There are opportunities for medical physicists and professional so-

cieties such as AAPM, KSMP and JSMP to collaborate in global health collaborations with various stakeholders to address 

the rising burden of cancer and disparities. This will be consistent with AAPMs vision for improving health through medical 

physics – globally.

COVID-19 has taught us one lesson: global health is local health and local health is global health. Innovation in one part 

of the world, be it in the fight against COVID-19 or against cancer or any other disease, can benefit everyone across the 

globe. Collaborations between professionals from high income and low- and middle-income countries (LMIC) can lead 

to innovations and development that can benefit all. Multiple recent reports indicate that the only way to move the global 

community forward in healthcare, especially in LMIC’s, is a multipronged approach with multiple capable partners includ-

ing local and international organizations, industry, nongovernment and altruistic organizations, and independent profes-

sionals. This realization presents significant opportunities for improving health quality and achieving health equity for all 

people worldwide. 
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The lack of access to cancer care in many parts of the world in the face of increasing needs of LMICs should propel the 

AAPM – the largest and leading medical physics organization in the world, in the richest country in the world – to action.  

AAPM is in a unique position to influence the practice of medical physics across the world from the perspective of training, 

education, scientific development, and professional growth and this is an enormous undertaking. In order to accomplish 

these tasks, AAPM recently formed an International Council whose focus is to develop needs-assessed strategies for effec-

tively advancing the practice of medical physics globally in medical physics research, teaching and clinical service. We have 

the opportunity to partner with the global medical physics community and with all relevant stakeholders to improve health 

quality and achieve health equity through the safe utilization of treatment and imaging technologies and supporting scien-

tific and technological developments to make these technologies more robust and cost-effective. 

AAPM is in a unique position to influence the practice of medical physics across the world from the perspective of train-

ing, education, scientific development, and professional growth and this is an enormous undertaking. In order to accom-

plish these tasks, AAPM recently formed an International Council whose focus is to develop needs-assessed strategies for 

effectively advancing the practice of medical physics globally in medical physics research, teaching and clinical service. 

This presentation will focus on AAPM’s vision for global collaborations through the works of the International Council. 

The presentations is divided in two parts: Part I is focused on global health challenges that are relevant to the discipline 

of medical physics activities; Part II focuses on opportunities for global collaborations through the initiatives taken by the 

newly formed International Council of AAPM.
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Medical Physics is one of the most challenging and rewarding application of physics to human health care programme 

and is mainly concerned with use of ionizing radiation in diagnosis, therapy, and research in health care. Medical physicists 

working in clinical environment should have required competency and therefore undergo structured education program 

and residency under experienced medical physicist from recognized institution. 

Asia Oceania Federation of Organizations of Medical Physics (AFOMP) was founded in 2000 and is one the largest re-

gional organization of International Organization for Medical Physics (IOMP). AFOMP have 19 national medical physics 

member organizations (NMO) as members and 2 NMO’s as affiliate members.

Asia Oceania region hosts more than 4.5 billion populations, and this region is very diverse socioeconomically, culturally. 

Further the rapidly growing health system require increasing number of MPs and to cope to increasing demand of MPs, 

many countries in this region have started master’s in medical physics education program (MMP) in last decade. The data 

collected from 21 countries of Asia Oceania region regarding the number MMP, intake capacity, accreditation, certification, 

and registration of medical physicists as health professionals. In 21 countries of the AFOMP over 11000 medical physicists 

are working in radiation oncology, radiology, nuclear medicine, and regulatory authority. Further analysis showed that 

maximum numbers of medical physicists are working in radiation oncology (71.05 %), in radiology (7.24%) and in nuclear 

medicine (4.70 %). It is observed that the number of medical physicists per million populations varies from 0.56 MP/mil-

lion to 20.0 MP/million with average of 2.56 MP/million. For many countries in AFOMP the number of MP/million popula-

tion is far below the number of 18 MP/million recommended by European Federation of Organisation for Medical Physics 

(EFOMP). Further we made the comparison of number of MP/million population for all the RO’s of IOMP and found that 

the number of MP/million in AFOMP region is far below the number of MP/million in USA & Canada and EFOMP region. 

However, in last 10 years more and more medical physics education programs have started and presently 106 institutes/

universities are imparting MMP with annual intake capacity of about 750 students. 

The present question is whether all the medical physicists trained by various universities/institutions fulfil these expecta-

tions? Whether the medical physicists trained by different universities/ institutions are competent enough to discharge the 

duty of unsupervised clinical medical physicists? To access and standardise the medical physics education and profession, 

IOMP has started accreditation of medical physics education program. For accreditation of national certification boards 

and individual certification of medical physicists, International Medical Physics Certification Board (IMPCB) has started 

accreditation of certification boards and certification of individual medical physicists. To help member state to establish the 

certification and registration of medical physicists as health professional IAEA has brought out Training Course Series TCS 

71 document in February 2021 on “Guidelines on certification of Clinically Qualified Medical Physicists, this document is 
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endorsed by IOMP and IMPCB.

IAEA has brought out the Technical Series Document TCS 56 for model Postgraduate medical physics academic pro-

gramme in 2013. Since them lot of technological developments in healthcare delivery system and increased professional 

competency requirement of CQMP has taken place and therefore the training and educational curriculum needs to be 

tuned with the requirement to produce the competent CQMP not for the present but also for the future needs. Further-

more, the major outcome of the academic programme is to provide the students with a thorough grounding in medical 

physics, critical thinking, scientific rigor, and adequate professional ethics, to facilitate the integration of the graduates in a 

healthcare profession, where the benefit of the patient is at the centre of all activities. Medical physics is facing significant 

changes, particularly with quick development of biological sciences, more complex research requiring interdisciplinary 

teams and strong need for translational research. The changes towards personalized medicine are opening new avenues for 

medical physicists like molecular imaging and extending beyond radiation therapy. To prepare medical physicists for the 

future, education and training should be properly adjusted including more basic non-physical sciences, particularly biol-

ogy, more imaging, especially molecular imaging, and with more interdisciplinary and translational research components.

AFOMP has taken imitative and formed a task group to revise the curriculum and syllabus to train the CQMP for the need 

of AFOMP region. Similarly, IOMP and IAEA has undertaken the revision of TCS 56 document. 

Overall situation of medical physics education & training, accreditation, certification, and registration in AFOMP region 

has increased in last 20 years, however, the rising population, increasing number of patients needing radiological services 

coupled with complexicity of techniques, we need a greater number of certified CQMP for providing effective and efficient 

services. To bridge the huge gap between supply and need, lot needs to be done for availability of sufficient number of cer-

tified CQMP not only in AFOMP region but other regions of the world. For mobility of CQMP from one region to other, har-

monization of medical physics curriculum and certification is required. 

Keywords: Medical physics education, AFOMP, Accreditation, Certification, Clinically qualified medical physicist (CQMP)
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Continuous CT Denoising and Kernel Conversion using 
Switchable CycleGAN
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Recently, deep learning approaches have been extensively studied for low-dose CT denoising and kernel conversion 

thanks to their superior performance and low computational cost over traditional iterative methods. In particular, Cycle-

GAN has been demonstrated as a powerful unsupervised learning  scheme to improve the low-dose CT image quality with-

out requiring matched high-dose reference data. Unfortunately, one of the main limitations of the CycleGAN approach is 

that it requires two deep neural network generators at the training phase, although only one of them is used at the inference 

phase. The secondary auxiliary generator is needed to enforce the cycle-consistency, but the additional memory require-

ments and the increase in the number of learnable parameters are major hurdles for successful CycleGAN training. Despite 

the use of additional generator, CycleGAN only translates between two domains, so  it is not possible to investigate the 

intermediate level of denoising. To address this issue, here we propose a novel switchable CycleGAN architecture using a 

single  generator. In particular, a single generator is implemented using adaptive instance normalization (AdaIN) layers  so 

that the baseline generator converting a  CT image in one domain to a target domain CT image  can be switched to another 

generator by simply changing the AdaIN code. Thanks to the shared baseline network, the additional memory requirement 

and weight increases are minimized, and the training can be done more stably even with small training data. Furthermore, 

by interpolating the AdaIN codes between the two domains, we can investigate various intermediate level of results. Experi-

mental results show that the proposed method outperforms the previous CycleGAN approaches while using only about half 

the parameters, and provide tunable denoising features that may be potentially useful in clinical environment.
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In this talk, I will introduce some AI-driven applications in medical physics through the research examples of my research 

group. 

The first topic is causal exploration. Causal exploration is a method of automatically estimating the causal relationship 

between multiple variables from data. Statistics often end with a description of the correlations, which are generally not 

causal. However, what is needed is the causal relationship of variables. This technique is particularly effective for extracting 

information from big data.

The second topic is a capsule network application for detecting pulmonary hypertension. Pulmonary hypertension, a 

cause of heart failure, can be diagnosed by measuring mean pulmonary artery pressure in cardiac catheterization. My re-

search group built a capsule-network-based model to detect pulmonary hypertension with the addition of some residual 

blocks. For detection of pulmonary hypertension from chest X-ray images, the AUC by the AI algorithm was significantly 

higher than the AUC by other methods and human observers. This network is a potential tool to detect pulmonary hyper-

tension.

The third topic is topological data analysis. Topological Data Analysis is a method of extracting the topological features 

of an image and analyzing the data. Extracted topological characteristics can be considered novel radiomics features in 

medical images. Our topological data analysis methods support hepatocellular carcinomas, metastatic tumors, and hepatic 

hemangiomas classification with considerable accuracy, solely based on non-contrast-enhanced 3D T1-weighted MR im-

ages. This method might be helpful when used for the computer-aided diagnosis of hepatic tumors with MR imaging.

The final application is for regenerative medicine. Globally, human epidermal keratinocyte stem cells have been used for 

transplantation in patients with extensive burns for approximately 40 years. By analyzing the dynamics of cultured epider-

mal cells, it is possible to distinguish whether the cells are stem cells or not. However, until now, many parts of cell dynam-

ics analysis rely on the manual work of technicians, which is highly time-consuming, expensive, and labor-intensive. Here, 

we report a deep learning-based automated cell tracking (DeepACT) technology that enables evaluating keratinocyte cul-

ture quality and identifying keratinocyte stem cells using quantitative cell motion analysis. This technology can be widely 

applied to stem cell cultures used in regenerative medicine.
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Deep Learning-Enabled Ultra-Low-Dose CT Imaging 
and Healthcare Innovation
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This talk presents our experiences for development of an AI-solution enabling powerful denoising of ultra-low-dose CT 

images and thereby allowing CT imaging diagnosis at 1/10th of conventional radiation dose level.  We briefly review current 

status of AI applications in CT reconstruction and denoising targeted to ultra-low-dose scans, and our novel approach to 

solve the essential problem of the lack of gold standard and large database for AI-training. We also discuss the potential of 

innovative healthcare applications which is enabled by additional imaging biomarker extraction from the denoised ultra-

low-dose CT images. In this talk, we will briefly introduce some earl examples. 

Keywords: CT imaging, AI-enabled ultra-low-dose CT, Radiation dose, Healthcare innovation 
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Fig. 2. Example ultra-low-dose CT image (0.2 mSv).

Fig. 3. Denoise processing result of Fig. 2.
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Proton beam therapy has dosimetric advantages compared with X-ray therapy, especially in my clinical field which is ra-

diotherapy for liver cancer. 

There were few studies directly comparing the clinical benefits of proton radiotherapy over photon radiotherapy. Study 

from the Massachusetts General Hospital demonstrated survival benefits with proton radiotherapy, which may be driven 

by a decreased incidence of radiation-related liver decompensation. The other study from the Chang Gung Memorial Hos-

pital, which has been a propensity score-matched cohort study based on their multi-institutional medical organization re-

search databases, revealed that proton radiotherapy could deliver a higher radiation dose than photon radiotherapy with-

out increasing the risk of radiation-induced liver disease and resulted in a better overall survival rate for patients with liver 

cancer who were treated with curative intent. Additionally, various reports in the literature have described safety of proton 

beam therapy over X-ray therapy. 

However, there are some technical issues regarding the use of proton therapy while selecting proton versus photon beam 

as a radiation modality. Impact of uncertainty of organ motion, impact of radiobiological uncertainty on tumor control and 

normal tissue toxicity might be different between photon beam and proton beam. 

In this lecture on clinical experiences using proton and photon radiotherapy, some briefs of reports comparing photon 

and proton radiotherapy will be presented especially focusing on my field of liver cancer radiotherapy. And several techni-

cal and radiobiological considerations will be raised with some clinical case examples for better understanding from the 

audience.
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Charged-particle therapy with protons and carbon ions has attracted growing interest due to their promising clinical 

results. These are based on their advantageous physical and biological properties, such as a favorable depth-dose profile 

known as the Bragg peak, a small lateral scattering, an increasing relative biological effectiveness (RBE) toward the Bragg 

peak. In 2021, about 100 proton therapy facilities and 13 carbon-ion therapy facilities are in operation worldwide, and 

many facilities are under constructions or in planning stage. So far, more than 220,000 patients have been treated with pro-

tons, and more than 34,000 patients have been treated with carbon ions. Charged-particle therapy with protons and carbon 

ions are nowadays in spreading phase. Recently, high interest has been seen in clinical utilization of ion species other than 

protons or carbon ions, e.g., helium, oxygen, and neon ions, to effectively treat tumors with different radiation sensitivities 

against different ion species. In addition, the beam delivery of multiple ion species in a single treatment session has been 

investigated to maximize the therapeutic effects of charged-particle beams. 

In charged-particle therapy treatment planning, a biological dose, which is defined as the product of absorbed dose and 

RBE, is optimized for the individual clinical cases. The RBE is a ratio of dose for a reference radiation to that for the radia-

tion of interest to yield a defined biological effect. The RBE depends on various factors such as radiation quality, dose, dose 

rate, oxygen pressure, tissue type, immune status, and endpoint. Ideally, all these factors should be incorporated into the 

RBE model. However, that is difficult due to the complexity of the mechanism causing the biological effect. The generic 

RBE of 1.1 has been thus clinically used in proton therapy independent of these factors. Even in carbon-ion therapy, sim-

plified RBE models have been used in clinical treatments, where survival of specific cell lines is used as the endpoint. The 

radiation quality of therapeutic carbon-ion beams is considered in the RBE calculations. However, the radiation quality 

has been considered as an unadjustable physical quantity that is determined by particle type, tumor size, and tumor depth. 

Therefore, the goal of radiation therapy, i.e., to control the tumors while preserving the normal tissues, has been generally 

achieved by the design of the dose distribution. A highly-localized dose distribution by charged-particle beams is useful to 

deliver a large enough dose to the tumor while sparing the organs at risk (OARs). In actual treatments, however, the plan-

ning target volume (PTV) occasionally overlaps the OARs. For such clinical cases, the treatment planners have to choose 

a compromised dose level in the overlapped region. In addition, the cancer cells can coexist with the normal cells within 

the PTV. For such clinical cases, also, the treatment planners have to choose a compromised dose level for cancer cells and 

normal cells. The radiation response of tissues (cells) depends differently on radiation quality. Therefore, there must be an 

optimum radiation quality value which effectively kills the cancer cells while maintaining the normal cells. It is thus desir-

able to control the radiation quality within the patient independently, in addition to the dose distribution. The multi-ion 

therapy in which two or more ion species with different radiation qualities are delivered in one treatment session can be 

used for this purpose. The multi-ion therapy will be a promising treatment tool for radioresistant tumors in future.

A development project for multi-ion therapy has been initiated at the National Institutes for Quantum and Radiological 

Science and Technology (QST) in Japan for further improvement of clinical results of charged-particle therapy especially 
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for radioresistant tumors. In the treatment, helium-, carbon-, oxygen-, and neon-ion beams will be used as primary beams 

with wide linear energy transfer (LET) ranges.

In my talk, I will introduce (1) current status of proton and carbon-ion radiotherapy, (2) motivations and abilities of 

multi-ion therapy, and (3) recent research activities for multi-ion therapy at QST.
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The treatment of cancer with radiation began in earnest after Madame Curie 120 years ago. Various medical physicists 

have been treating patients using radiation such as gamma-ray, X-ray, proton beam, and heavy particle beam through 

steady research and efforts for clinical application. Although particle beam therapy has recently been in the spotlight, it 

is judged that medical physicists need to understand various types of radiation in this situation, and discuss and engage 

in medical activities about the best radiation treatment method. In addition, I think it is necessary to discuss the role of a 

medical physicist even in the current situation where advanced image-guided radiation therapy methods are rapidly devel-

oping. Although it is not enough, I hope that we can look at the characteristics of various treatment methods and radiation 

sources in a short period of time and discuss the new role of a medical physicist.
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Positron emission tomography (PET) and magnetic resonance imaging (MRI) provide unique opportunities to obtain 

functional and structural information non-invasively from living bodies. PET allows for highly sensitive assessment of 

functional and molecular processes in biological systems, while MRI offers superior soft-tissue contrast compared with X-

ray computed tomography. PET/MR imagers based on advanced semiconductor photosensors that collect the scintillation 

lights in PET detectors allow for simultaneous PET/MRI scanning with an insignificant performance compromise for each 

imaging modality. 

In the first part of this talk, how we have developed, commercialized and applied a silicon photomultiplier (SiPM) based 

simultaneous PET/MRI solution for small animal imaging researches will be briefly reviewed. In the second part, current 

development of human brain dedicated PET insert for 7T PET/MR imaging will be introduced which will followed by a 

deep-learning based approach to PET/MRI and PET/CT attenuation correction.
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There are several cancer treatment issues to prevent us from precision medicine, which radiomics or imaging biopsy may 

solve. First, a treatment method in a guideline is not always effective for all patients. In other words, it has not been pre-

dicted which direction the tumor will go to before the treatment, tumor growing or tumor shrinking, in clinical practice to 

date. Second, a single biopsy of heterogeneous tumors could lead to under- or over-estimation of omics information. Third, 

some patients may refuse the invasive needle biopsy due to concerns about pneumothorax (refusing rate: around 30-40%). 

The liquid biopsy of an alternative approach of the invasive biopsy has not shown high sensitivities (sensitivity: around 

50%). 

Radiomics could predict the futures (prognoses) of cancer patients from image features of medical images, which can 

link with treatment approaches. In addition, radiomics can function as “imaging (dry) biopsy” to predict something such as 

gene mutations instead of invasive needle (wet) biopsy or liquid biopsy. These technologies could assist physicians to per-

form precision medicine. Deep learning approaches can be used as a radiomics technology owing to automatic production 

of image features which can link with patients’ prognoses. However, there are disadvantages in conventional texture analy-

sis and deep learning, i.e., vulnerability for various imaging protocols and necessity of the huge number of training data. 

Therefore, we need invariant image features, which could be robust and work well in small training datasets. The image 

features should be mathematically invariant, and image features should reflect biological cancer traits. “水急不流月: Even 

water stream cannot move the moon on river” made me realize the necessity of something invariant like a moon. 

We proposed topology radiomics to predict the prognoses of lung cancer patients and topology radiogenomics to identify 

gene mutations such as EGFR mutations. The values of radiomics would be: (1) stratification of cancer patients into cancer 

subtypes by using radiomics biopsy, which could mathematically characterize the heterogeneity of tumors in medical im-

ages and could be associated with the patients’ prognoses, (2) providing us the chances to choose more appropriate treat-

ment approaches prior to patients’ treatments based on non-invasive pre-treatment images, and (3) assisting physicians to 

expedite precision medicine in oncology field.

Copyright ©  2021 Korean Society of Medical Physics
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Recently, MR Linac (Hybrid devices combining MR imaging with radiation therapy delivery) has been introduced. In ad-

dition, this MR-Linac can be used for on-line adaptive radiotherapy. In this presentation, I will introduce three hot research 

topics, MR-CT conversion, auto treatment planning, and virtual patient QA.

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 
Symposium 3





PMP

Oral Session





S23

Oral Session

Purpose: Single-isocenter stereotactic irradiation for multi-target requires highly accurate treatment delivery at off-

isocenter positions. In this study, we evaluated positional errors at off-isocenter positions under couch rotations.

Methods: TrueBeam STx (Varian Medical Systems, Palo Alto, CA, USA) and the Winston-Lutz (WL) test-dedicate phan-

tom with 3 mm diameter steel ball (TM-WINS: R-Tech Inc.) were used in this study. The WL test phantom was placed on 

the treatment couch and then aligned with the room laser. First, the WL test was performed at the isocenter and the off-

isocenter positions for gantry angles of 0, 90, 180 and 270 degrees without couch rotation. The off-isocenter positions were 

set at distances of 25, 50, 75 and 100 mm from the isocenter along the superior-inferior, the anterior-posterior and the left-

right directions. Multi-leaf collimator (MLC) shaped square fields of 10×10 mm2 were created at each position. Accordingly, 

68 EPID images were obtained for each couch angle. This procedure repeated for four different couch angles of ±0.5 and ±1 

degrees in yaw rotation. Gantry and couch rotations, and beam delivery were performed automatically using the TrueBeam 

Developer Mode option. A total of 340 (68×5 couch angles) EPID images was obtained three times on another day and ana-

lyzed with DoseLab software (Varian Medical Systems). Positional error was defined as the difference between the center 

of the radiation field and the center of the steel ball. The averaged positional error of three times and four gantry angles at 

each distance was calculated and regarded as a representative value in this study.

Results: The measurement time for each couch angle was approximately 4 minutes. The averaged positional errors of off-

isocenter distance (from isocenter to ±100 mm) were ranged from 0.46±0.03 to 0.60±0.04 mm, 0.45±0.01 to 0.85±0.05 mm 

and 0.43±0.02 to 1.17±0.07 mm for couch angles of 0, ±0.5 and ±1 degrees, respectively.

Conclusions: Positional errors were evaluated with WL tests at off-isocenter positions under couch rotations. We found 

that the averaged positional errors tended to increase with the larger off-isocenter distance and the larger couch angle.

Keywords: Single-isocenter stereotactic irradiation, Winston-Lutz test, Off-axis, Spatial uncertainty
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Purpose: In this study the error detection capability of dosiomics, SSIM (structural SIMilarity), and gamma index were 

investigated through IMRT (Intensity-Modulated Radiation Therapy) simulated errors of AAPM TG 119 phantom. 

Methods: The radiotherapy planning of the head & neck and C-shape was planned according to TG-119 IMRT Commis-

sioning Tests Instructions as an error free plan. The beam arrangement of IMRT were 6 MV, 9 fields at 40o intervals from 

the vertical. The errors were simulated by shifting MLC (multileaf collimator) which surrounded PTV (Planning Target 

Volume). They were shifted by 0.5 mm, 1.0 mm, and 2.0 mm in +x direction. The total number of beams were seventy-two. 

For standard gamma analysis, 1%/1-mm, 2%/2-mm, and 3%/3-mm criteria were used for error detection. For dosiomics 

analysis, the texture features were extracted using LIFEx software. Spearman’s rank correlation between the extracted fea-

tures and the simulated error were investigated. The Structural SIMilarity (SSIM) index were analyzed for each beam using 

MATLAB.

Results: The results of Gamma analysis were 93.6% at 3 mm/3%, 88.2% at 2 mm/2%, and 76.3% at 1 mm/1%. Using SSIM 

index using 3D RD domain for each beam, the values were calculated as 0.958 (0.5 mm shift), 0.957 (1.0 mm shift), and 0.952 

(2.0 mm shift). In dosiomics analysis, Spearman’s rank correlation coefficients of GLCM-Contrast and GLCM-Correlation 

had higher than 0.75, while those of GLCM-Homogeneity, GLCM-Energy, GLZLM-LZE, GLZLM-LZLGE, and GLZLM-

LZHGE had less than −0.75.

Conclusions: Compared to the Gamma index, the SSIM index is relatively less sensitive to the difference in the MLC shift, 

but it was confirmed that the SSIM value decreased as the MLC shift increased. As a further study, it is necessary to conduct 

research on the relationship between the 3D gamma index and correlation between the Dosiomics feature, gamma index, 

and SSIM.

Keywords: Dosiomics, SSIM, Gamma Index, MLC shift, IMRT error
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Fig. 3. Spearman’s Rank Correlation with Bonferroni correction.
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Purpose: For high-energy electron beams, a calibration coefficient of absorbed dose to water (ND,w,Qcross
field) determined 

by the cross-calibration is recommended. In the conventional cross-calibration, the charge comparison method is used for 

measurement. However, this method is concerned about human error due to length of the calibration time and the compli-

cated measurement. On the other hand, a previous study using the current comparison method, which is used by primary 

standard dosimetry laboratory (PSDL) have shown possibility to reduce measurement time and importance of accuracy of 

the output correction. Therefore, we evaluate the usefulness of a synchronous current comparison method, which synchro-

nizes the sampling of the measurement chamber and the external monitor chamber.

Methods: The calibration conditions were according to The Standard Dosimetry 12 in Japan (JSMP12). A Farmer-type 

ionization chamber (PTW 30013) was used as a reference chamber and Four types of ionization chambers; PTW 340001, 

IBA NACP-02, Exradin P11, and A10 were cross-calibrated by the synchronous current comparison method. Evaluation 

items were as follows: 1. Evaluation of uncertainty for the measured values, and 2. Comparison of the ND,w,Qcross
field obtained 

by the cross-calibration at clinical site with that obtained by the direct-calibration at the PSDL.

Results: Item 1: The uncertainty was <0.005%, which was equivalent to the uncertainty of the conventional method. Item 

2: The difference of the ND,w,Qcross
field was <0.70%. This result was come from the difference of the calibration conditions for 

the JSMP12 and the PSDL. In the PSDL, the geometric center of the PTW 30013 was positioned at the calibration depth (dc), 

in the JSMP12, that was positioned at 0.5rcav downstream from the dc. This effect was equivalent to the uncertainty of dose 

gradient around the dc<0.5%. Therefore, Substantive difference of ND,w,Qcross
field was about <0.3%, which was within the un-

certainty of the cross-calibration estimated by the PSDL; 0.3%.

Conclusions: In the cross-calibration of high-energy electron beams, the synchronous current comparison method was 

found to reduce measurement time with the equivalent uncertainty for the conventional method. This measurement meth-

od is expected to contribute to reduce calibration time and human error.

Keywords: Dosimetry, Cross-calibration, Coefficient of absorbed dose to water, Uncertainty, Ionization chamber
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Purpose: This study aims to evaluate a three-dimensional (3D) star shot analysis using spherical PRESAGE gel dosimeter 

for the isocenter verification.

Methods: The spherical PRESAGE gel dosimeter consists of Crystal-ClearTM 200 (polyurethane), leucomalachite green 

(leuco dye), CBr4 (initiator), dimethyl sulfoxide (solvent), and acetone (solvent). The spherical PRESAGE dosimeter and 

the physical dimensions of the dosimeter are shown in figure 1.a. This dosimeter was irradiated by 150 MU/angle with 0.5 

cm×24 cm2 field size and 5 fields of 6 MV photon beam of Trilogy Linac. After irradiation, the 3D image of the gel dosimeter 

was obtained by VistaTM optical CT to calculate the isocircle radius (ICr) and the distance (ICd) between the radiation and 

the mechanical isocenter. Then, the results were compared with 2D isocenter measurement using EBT film.

Results: The results of star shot analysis measured by the PRESAGE gel dosimeters and EBT films are shown in Fig. 1b-f. 

The distances, ICd, of the gel dosimeter were 0.18 for gantry, 0.19 for couch, and 0.14 mm for collimator. ICr was 0.30, 0.29, 

and 0.23 mm for gantry, couch, and collimator rotation, respectively. The differences of ICd and ICr between the gel dosim-

eters and the films were within 0.24 and 0.19 mm. We also obtained 3D star shot results using seven slices of the gel dosim-

eter. 3D ICr of transversal and coronal planes were 0.56 and 0.79 mm.

Conclusions: This study demonstrates the feasibility of the spherical PRESAGE gel dosimeter for 3D isocenter verifica-

tion of Linac. The proposed method showed comparable star shot results at particular 2D planes with conventional 2D film 

method. Furthermore, this method has advantages over the conventional method in 3D star shot analysis including QA 

workflow efficiency and setup error reduction because obtaining 3D information using a film method requires numerous 

2D star shot tests, which bear inherent setup errors and uncertainties.

Acknowledgments: This research was supported by the Basic Science Research Program through the National Research 

Foundation of Korea (NRF) funded by the Ministry of Education (Grant No. 2019K1A3A1A80113183).

Keywords: Linac, 3D star shot analysis, Isocenter verification, PRESAGE, Gel dosimeter
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Fig. 1. (a) The sphherical PRESSAGE gel doosimeter, andd the star shoot results me asured by th e gel dosimeeter and the EBT film for (b, e) 
gantry, (c, f ) couch, (d, g) collimattor rotations.
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Purpose: Biological effects of radiation are considered to begin with interactions with cellular components (such as 

DNA molecular strand break). Therefore, nanoscale dosimetry is of great interest. The Geant4 toolkit allows simulating the 

transport of charged particles down to sub-keV energies. The models of Geant4 electromagnetic interaction are classified 

into two models: condensed-history (CH) models and the track-structure (TS) models. TS models calculate nanoscale elec-

tron transport successively with cross-sections. They are accurate but consume a lot of computational resources. Using CH 

models is the mainstream by Monte Carlo codes. However, the performance of ion transport in sub-Kev engines has not 

been evaluated. The purpose of this work was to compare with the performance of the CH models of Geant4 and that of the 

TS model of Geant4- DNA for nanoscale proton and carbon ion transport. 

Methods: The microdosimetric lineal energy in the simple wataer phantom was calculated with protons of 1 MeV and 

10 MeV and carbons of 1 MeV/n, 10 MeV/n and 290 Mev/n. The influence of maximum step size was also calculated. The 

results of examining the CH models of Geant4 were compared between different CH models with Livermore and Penerone 

that they use different models of electron-impact and shell structure.

Results: The result of the comparison between CH and TS showed that there was a large difference in the lineal energy 

for many conditions. In particular, the lineal energy was overestimated by CH for conditions with low incident particle en-

ergy. Also, it was confirmed that the larger the scoring volume, the better the reproducibility. It was further confirmed that 

the smaller the step size, the higher the reproducibility in many conditions. There was little difference between Livermore 

and Penerone.

Conclusions: The reason for these discrepancies is considered to be the incomplete reproduction of the spread of energy 

loss and the approximation that the energy deposition due to multiple inelastic collisions is concentrated at a single point. 

In this study, the hadronic interaction was performed with a single physics list, and the effect of this interaction will be in-

vestigated in the future.

Keywords: Geant4, Track-structure, Condensed-history, Lineal energy
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Purpose: Image guided radiation therapy (IGRT) is being used commonly for accurate localization of target and sparing 

organ’s at risk (OAR). kV cone-beam computed tomography (kV-CBCT) is generally used for patients’ position set-up in 

IGRT. However, the accumulated normal tissue dose by repeated CT in each fraction has to be monitored even though the 

imaging dose is lower than the treatment dose because of secondary cancer risk. Recently, HalcyonTM (version 2.0, Varian) 

with kV-CBCT was released as a new approach of IGRT. Halcyon has fixed half-bowtie filter and 3D-couch without rotation, 

thus excessive imaging dose of CBCT is predictable compared to 2D radiographic images. Therefore, imaging doses for 

IGRT patients treated with C-arm type LINAC and Halcyon for the past 2 years was evaluated.

Methods: Total 5,000 patient’s image doses of kV-CBCT of VitalBeam, and Halcyon were measured, respectively. All dos-

es were evaluated as the computed tomography dose index (CTDI). Average CTDI per treatment fraction were compared. 

Also, the average number of CBCT per fraction was compared to see the systematic difference of patient positioning. 

Results: It was shown that there was different average CTDI per CBCT image due to the differences between the structure 

and image reconstruction algorithm of the Vital and Halcyon. In case of CT scanning during patient set-up, it was evaluated 

that the brain and pelvis patients treated with the Halcyon were set up 1.8 and 1.3 times more than the VitalBeam due to 

that the patients were set up on un-rotatable couch of the Halcyon at virtual iso-center. However, the whole imaging dose 

for all patients regardless of LINAC type was evaluated under 5% of total treatment dose as the guided tolerance recom-

mended in the TG-180. 

Conclusions: In radiation therapy, it is important to reduce the imaging dose for normal tissues in terms of quality of life 

as well as delivering the dose to the tumor. Although imaging doses for the patients were evaluated lower than the recom-

mendation regardless of the LINAC type, it is expected that the number of patient set-ups in Halcyon needs to be lowered 

to that of conventional LINAC.

Keywords: Imaging dose, LINAC, CTDI, kV-CBCT
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Purpose: The PTW 60019 microDiamond (mD) detector is close to an ideal detector for dosimetry of small fields, such as 

stereotactic cones. Studies have reported energy dependence differences from TRS-483 correction factors on output ratios 

between with flattening filter (WFF) and flattening-filter-free (FFF) beams. However, the influence of the flattening filter on 

the correction factors of mD detector remains unclear. This study investigates the influence of flattening filter on the output 

correction factor of the mD detector.

Methods: The correction factors were determined by combining experimental measurements with the Varian stereotac-

tic radiosurgery (SRS) cones and Monte Carlo simulation (MCS) as references. This investigation was performed in 6-MV 

WFF and FFF beams on a Varian TrueBeam accelerator using SRS cones of diameters 4–17.5 mm. The detector readings for 

each field size of the SRS cone were measured. In a similar geometry, the absorbed dose to water was calculated using MCS. 

The influence of the flattening filter was evaluated using the relative difference and relative expanded standard uncertainty 

(k=2).

Results: At SRS-cone diameters greater than 10 mm, the relative difference between the 6-MV WFF and FFF beams was 

within 1%. However, the relative differences were 2.0%, 1.7%, and 1.4% for 4-, 5-, and 7.5-mm diameter SRS cones, respec-

tively. The expanded relative standard uncertainties (k=2) were 1.03% and 0.89% for 6-MV WFF and FFF, respectively, at 

4-mm SRS-cone diameter. The relative differences of 4-mm diameter did not fell in the range of the expanded relative stan-

dard uncertainties (k=2).

Conclusions: For mD detector, an output correction factor that considered with or without flattening filter was necessary 

when the SRS cone was 4 mm in diameter.

Keywords: Small fields, Output correction factors, MicroDiamond, Monte Carlo, SRS cones
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Fig. 1. (a) Detector readings and calculated values of MCS determined at the is ocenter in water at 90-cm SSD, normalized to a 5 cm×5 cm 
for 6-MV WFF and FFF beam; the red and blue lines represent the calculated values of MCS and readings of mD detector, respectively. 
(b) Output correction factors of mD detector; the error bars depict 1 SD of the combined measurement uncertainty. (Reference detector: 
Underwood et al.1), Exradin W1 scintillator, Lechner et al.2), Alanine).
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Purpose: This study aimed to determine the effective point of measurement (EPOM) of plane-parallel ionization cham-

bers in clinical high-energy electron beams. In most of the reference dosimetry protocols for electron beams, the EPOM of 

the plane-parallel chambers is at the inner surface of the entrance window. However, previous studies have reported that 

the EPOM of the plane-parallel ionization chambers is shifted several tenths of millimeters downstream the beam direction 

into the air-filled cavity. These findings were based on Monte Carlo simulations, and few experimental studies have been 

performed on EPOM. Therefore, we experimentally determined the EPOM of three plane-parallel chambers for electron 

beams.

Methods: Measurements were performed on a Varian TrueBeam with 6, 12, 18, and 22 MeV electron beams. In this study, 

a microDiamond detector (PTW60019), which has high spatial resolution and water equivalence and is suitable for small-

field measurements, was used as a reference detector. The locations of EPOMs for NACP-02, Roos, and Advanced Markus 

were determined by comparing the PDD of the microDiamond detector with that of the ionization chamber. The PDD ob-

tained by the ionization chamber was corrected for polarity effect and recombination against the depth.

Results: Measured EPOMs were located in the air-filled cavity; this was confirmed in all ionization chambers. The aver-

age EPOMs for all energies determined for NACP-02, Roos, and Advanced Markus, respectively, were shifted by 1.02±0.13 

mm, 0.38±0.12 mm, and 0.11±0.09 mm, respectively, from the inner surface of the entrance window toward the cavity. The 

present data provided agreement within ±0.40 mm of the value reported by Voigts-Rhetz et al.

Conclusions: In this study, EPOMs of the three plane-parallel ionization chambers were experimentally determined 

using a microdiamond detector. These results show that EPOMs calculated using the Monte Carlo simulation is available 

for plane-parallel ionization chambers. Future work aims to clear the EPOM variations among the same type of ionization 

chambers.

Keywords: EPOM, Electron beam, Measurement, Dosimetry
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Fig. 1. (a) Comparison with previous studies. A positive shift shows a shift from the reference point to the EPOM towards the cavity. (b) 
Determined EPOM for different plane-parallel chambers as a function of the electron energy.
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Purpose: Delivery quality assurance (DQA) is the process of establishing a treatment plan and verifying that the pre-

treatment dose is delivered without any problems through a simulation. If the result does not meet certain criteria, the dose 

delivered to the patient is judged to be inaccurate, and the measurement or the treatment plan should be reconsidered. 

Therefore, it is important to analyze the plan parameters that influence the DQA outcome. In this study, we perform this 

investigation using the Tomo-Direct (TD) method.

Methods: Among the cases treated through the Radixact X9 TD method, 144 cases were collected and analyzed. We set 

the passing rate for each gamma analysis criterion as 2%/2 mm and 3%/3 mm. Next, the plan parameters influencing the 

DQA passing rate were confirmed by Pearson’s correlation analysis and regression analysis. Based on the gamma analysis, 

the mean passing rates of 2%/2 mm and 3%/3 mm were 97.9299 and 99.8472, respectively.

Results: The plan parameters influencing the DQA passing rate during the Pearson correlation analysis were IECZ (2%/2 

mm: P=0.008), duration (2%/2 mm: P=0.002), and planning target volume (2%/2 mm: P=0.030 and 3%/3 mm: P=0.034). 

Based on these results, a regression analysis was performed. As a result of the regression analysis, duration (2%/2 mm: 

P=0.047) was identified as the most significant plan parameter for the DQA passing rate. However, statistically for the 

gamma analysis criterion of 3%/3 mm, there were no significant plan parameters. As the beta of the duration has a negative 

relationship with the passing rate, reducing the duration improves the passing rate.

Conclusions: The plan parameter that most statistically affected the DQA passing rate was the duration. This is the pa-

tient’s total treatment time. As the treatment time negatively corresponded to the passing rate, we concluded that reducing 

the treatment time could increase the passing rate. To specify the ideal range for the duration, we compared the passing 

rate and the duration every 60s. In conclusion, by reducing the duration to 240s or less, the passing rate can be increased 

during the DQA process.

Keywords: Tomotherapy, Tomo direct, Patient-specifc delivery quality assurance, Radixact X9
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Purpose: In proton therapy, the online adaptation is drawing interest to account for the inter-fractional anatomical 

changes, which may cause severe dose distortion. The generation of adapted plan needs to be fast and possibly automated 

to shorten the treatment time. Also, the generated plan needs to be robust against range and intra-fractional uncertainty 

even if it is generated online. In this study, a fast and robust adaptation method so-called “deformed dose restoration (DDR)” 

is proposed and evaluated for five different cancer patients. 

Methods: The basic idea of DDR is to restore the dose distribution deformed by a vector field. An initial treatment plan 

is created beforehand by worst-case optimization and saved as a reference dose. During the delivery, a vector field is cal-

culated with deformable image registration to match target contours between the initial CT and the daily CT. A deformed 

dose is calculated by applying the vector field to the reference dose and an adapted plan is optimized by minimizing dose 

differences between the restored dose and the deformed dose. Five cancer cases (2 H&Ns, 1 lung, 1 prostate, and 1 liver) 

were selected to evaluate restoration capabilities for a variety of cases and each included an initial CT and a repeat CT. DVH 

metrics (D95 for CTV) were calculated and deviations from the initial plan were evaluated for the adapted plan and the not 

adapted plan. To evaluate robustness, DVH-bands were created with 9 scenarios (3 mm/3.5%) and DVH-bands width at 

D95 for CTV were compared. Evaluations were done in relative dose because the prescription dose varies from case to case.

Results: For all cases, the DVH-bands showed improvement in target dose and robustness level by adaptation. The mean 

deviation of D95 for CTV were −0.8±0.9% with adaptation and −4.1±3.2% without adaptation. The mean DVH-bands width 

were 1.7±0.4%, 1.8±0.8%, and 4.4±2.6% for the initial, the adapted, and the not adapted plan. The optimization time was 

259s on average.

Conclusions: An online adaptation method called DDR was proposed and confirmed that the target dose and robustness 

were improved by adaptation.

Keywords: Adaptive, Particle therapy, Planning, DIR
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Purpose: The use factor used in the design of the shielding room for radiation therapy is a value recommended in the 

NCRP Report No.151, and was established without considering the latest techniques such as intensity modulated radiation 

therapy (IMRT) or volumetric modulated arc therapy (VMAT). Therefore, in this study, a program to calculate the use factor 

using actual treatment data was developed and the use factor was analyzed.

Methods: In this study, MATLAB was used to develop a program to calculate MU for each control point in the patient’s 

RT Plan DICOM file. The difference in MU ratio for three treatment techniques, 3DCRT, IMRT, and VMAT was analyzed us-

ing the anthropomorphic phantom. In addition, the use factor was calculated using the treatment patient data from Janu-

ary to December 2020 at Gangneung Asan Hospital and Jeju National University Hospital and compared with the currently 

used value.

Results: As a result of the phantom study, the MU ratio according to the gantry direction (0/90/180/270 degrees) for each 

treatment technique was 0.25/0.37/0.00/0.38 for 3D CRT, 0.20/0.27/0.28/0.25 for IMRT, 0.24/0.23/0.31/ 0.22 for VMAT, 

respectively. In plan study, while the use factor recommended by NCRP Report 151 was 0.31/0.21/0.27/0.21, the total use 

factor calculated from the patient’s treatment plans was 0.37/0.23/0.16/0.24. Especially for plan of left-sided breast cancer, 

the MU was focused on two directions (0.00/0.49/0.00/0.51) for 3D CRT, whereas for VMAT the beam was irradiated in all 

direction (0.39/0.29/0.04/0.28). 

Conclusions: In this study, the use factor was analyzed according to treatment techniques based on patient’s data. As a 

result, it was realized that there was a difference in all directions from the use factor recommended by NCRP report 151. We 

realized the necessity to redefine the use factor based on patient data from multiple institutions.

Keywords: Use factor, Radiotherapy
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Purpose: RapidPlan can be an effective tool for improving dose sparing of organs at risk (OAR) in several cancer types 

with minimal workflow. However, dosimetric potential of RapidPlan model trained with HyperArc plans (modelHA) for 

brain metastases have not been reported. We developed a modelHA and compare its performance with that of original 

volumetric modulated arc therapy (VMAT) plans for brain metastases.

Methods: From 69 clinical stereotactic radiosurgery (SRS) HyperArc plans for brain metastases, 49 plans were used to 

build and train a modelHA. The other 20 HyperArc plans were recalculated in RapidPlan system with modelHA. The model 

performance was validated with the 20 plans by comparing dosimetric parameters for normal brain tissue between clini-

cal plans and model generated plans. The 20 conventional VMAT-based SRS or stereotactic radiotherapy plans (C-VMAT) 

were reoptimized with modelHA (RP) and HyperArc system (HA), respectively. The dosimetric parameters were compared 

among three plans (C-VMAT vs. RP vs. HA) in terms of planning target volume (PTV), brain minus PTV (Brain−PTV), brain-

stem, chiasm, and both optic nerves.

Results: In model validation, model generated plans were comparable to clinical HyperArc plans with respect to PTV 

coverage and dosimetric Brain−PTV differences in the range of 8 Gy or more. However, the model-based plans significantly 

improved 6 Gy or less dose sparing for Brain−PTV compared with clinical HyperArc plans. In comparison for C-VMAT, 

there were no significant differences in conformity index for PTV in RP (P>0.17) and HA (P>0.79) compared to C-VMAT. RP 

provided significantly lower V20Gy, V12Gy, and V4Gy for Brain−PTV than C-VMAT (P<0.01). Maximum dose for brainstem, 

chiasm, and optic nerves were comparable (P>0.40) between C-VMAT and the other two plans.

Conclusions: The modelHA has the potential to significantly improve the quality of original VMAT plans and improve 

low-dose sparing in HyperArc plans for brain metastases.

Keywords: Knowledge-based planning, RapidPlan, HyperArc, Brain metastases, Treatment planning
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Purpose: Tumor Treating Fields (TTFs) treatment, using an lternating electric field with an intensity of < 3 V/cm and a 

frequency of 100–300 kHz, is increasingly utilized to treat glioblastoma multiforme (GBM), the most aggressive type of brain 

tumor. Although the efficiency of treatment may be enhanced by increasing the intensity of the electric field, the insulated 

electrodes currently used for TTFs treatment have limitations, requiring patients to be exposed to TTFs for a long time. In-

creasing the intensity of the electric field by using non-insulated electrodes may enhance the treatment efficiency of TTFs. 

The present study was designed to determine whether the effects of TTFs treatment on GBM cells differ when using non-

insulated and insulated electrodes. 

Methods: The GBM cell lines U373 and A172 were subjected to TTFs treatment using non-insulated electrodes, and the 

effects of treatment on GBM cell proliferation were evaluated. 

Results: Similar to TTFs using insulated electrodes, the treatment efficiency using non-insulated electrodes increased as 

the electric field intensity increased, with the optimized frequency ranges being identical. 

Conclusions: These findings suggest that TTFs treatment using non-insulated electrodes may be clinically applicable, 

dramatically reducing treatment time and enhancing patient quality of life.

Keywords: Tumor treating fields, Cancer therapy, Alternating electric fields
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Purpose: Carbon-ion radiation therapy (CIRT) has been interested in cancer therapy with excellent physical dose local-

ization and high relative biological effectiveness (RBE). CIRT delivers a clinical dose to reflect a depth-dependent tumor 

response. To estimate the response of normal tissues to carbon-ion beams, the clinical dose is calculated by biological RBE 

by a multiplication factor (1.46). The biological RBE was decided according to the response of human salivary gland (HSG) 

tumor cells. However, it is uncertain whether it is appropriate to use the same biological RBE in a different tissues and dif-

ferent cell type. Therefore, we evaluated the validity of the current clinical dosing system applied to normal skin. 

Methods: We analyzed the effects of irradiation on a human dermal fibroblast (HDF) cell line during the mitotic and 

intermitotic phases of the cell cycle. We irradiated X-rays or carbon-ion beams to HDF and colony formation assays were 

performed to evaluate the survival of irradiated cells and RBE as a function of linear energy transfer (LET). The RBE was 

calculated from the cell survival rate fit in linear-quadratic (LQ) model. HDF were exposed to mixed carbon ion beams with 

high and low LETs to confirm the parameters of LQ model could express the response of normal tissues to a beam with 

broad LET distributions. Obtained RBE was compared with the existent clinical dose.

Results: The RBE obtained from HDFs was increased in LET-dependent manner, and the responses of HDF to carbon-ion 

beams with mixed multiple LETs could expressed using an LQ model. The RBE of skin cells exhibited higher value than that 

of HSG cells. Comparing the sensitivity of HDFs with different cell cycle, the proliferating cells were more sensitive than the 

intermitotic cells to carbon ion beams. The clinical dose defined by the current Japanese clinical dose systems is larger than 

the dose multiplied by the RBE of HDF.

Conclusions: The present clinical dose system minimizes potential adverse skin reactions. By conducting similar stud-

ies in other organs, it will be able to evaluate the organ-specific dose by calculating the physical dose multiplied by organ-

specific RBE in treatment planning system.

Keywords: RBE, Clinical dose, LET, Normal tissue, Biology
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Purpose: In this study, using Monte Carlo (MC) simulation and dual-layered spectral CT, a type of dual energy CT (DECT), 

dose calculations for abdominal cancer patients were performed in carbon ion therapy (CIRT) and compared with conven-

tional single energy CT based dose calculation results.

Methods: The equipment used to acquire the image is a Philips IQon spectral CT. For SECT, 120 kVp CT images were 

acquired while the effective atomic number (EAN) and electron density (ED) images were acquired for DECT. Since the 

acquired images are those used in radiology, there were no RT structures on the images Therefore, the planning target vol-

ume (PTV) was segmented on the IQon image by referring to the RT structure of the image taken with the Philips Brilliance 

Big Bore (BBB) CT for the same patient. Then, dose optimization was performed using matRad. TOPAS code was used for 

MC simulation. SECT images were imported through the stoichiometric method embedded in the code, and DECT images 

were imported through the in-house material converter. Finally, ion beam scanning MC simulation was performed on the 

images of SECT/DECT patients according to acquired SECT-based plan parameters, and dose distributions of each abdo-

men patient were obtained. The dose distribution was evaluated for 5 abdominal cancer patients.

Results: The range difference between SECT/DECT in the beam’s eye view was evaluated when monoenergetic beam 

was irradiated. It was confirmed that the range of DECT was longer by about 2.3 mm on average. 

Conclusions: In CIRT, dual-layered spectral CT based MC dose calculation was performed, and as a preliminary result, 

the difference between SECT and DECT-based patient dose calculation results in monoenergetic beam was confirmed. In 

addition, the potential improvement in the clinical application of DECT was confirmed through the plan-based dose calcu-

lation results.

Acknowledgments: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the 

Korean government (No. NRF -2019 M2A2B4095126 & No. NRF-2019M2A2B4096540).
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Purpose: A real time variable shape rubber containing tungsten (STR) with a density of 7.3 g/cm³, can be formed manu-

ally to any shape when warmed to approximately 60°C, and maintains its shape at body or room temperature. The aim of 

this study was to investigate the dosimetric characteristics of a thin bolus made with STR for 6-MV photon beam.

Methods: The percentage depth doses (PDDs) and lateral dose profiles (irradiation field=10×10 cm²) in the water-equiv-

alent phantom were compared between no bolus, a conventional 5-mm gel bolus, and 1-, 2-, and 3-mm STR boluses. The 

characteristics of the PDDs were evaluated according to relative doses at 1 and 100 mm depth (D1 mm and D100 mm, respective-

ly) and depth of maximum dose (dmax). The water-equivalent thicknesses of the STR boluses were determined by shifting 

the distance of the PDD’s build-up curve until it overlaid that with no bolus. The penumbra size and width of the 50% dose 

were evaluated using lateral dose profiles.

Results: For no bolus, 5-mm gel bolus, and 1-, 2-, and 3-mm STR boluses, D1 mm were 47.6%, 91.5%, 86.6%, 89.3%, and 

89.4%; D100 mm were 67.2%, 65.2%, 65.3%, 64.9%, and 64.2%; dmax were 15, 10, 12, 11, and 10 mm, respectively. The water-

equivalent thicknesses of the 1-, 2-, and 3-mm STR boluses were 4.4, 4.9, and 5.1 mm, respectively. There were no differ-

ences between no bolus, gel bolus, and STR bolus in lateral dose profiles.

Conclusions: The STR bolus with thickness of only 1 mm had the water equivalent thickness of 4.4 mm and provided the 

comparable bolus effect and depth dose characteristics to the 5-mm gel bolus. We suggested the STR could be used as a 

customized thin bolus in photon radiotherapy.

Keywords: Real time variable shape, Tungsten rubber, Thin bolus, Photon radiotherapy
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Purpose: In particle therapy, prompt gamma (PG) imaging and positron emission tomography (PET) have been sug-

gested as representative methods to evaluate the particle beam range in real-time and after the treatment, respectively. This 

study aims to optimize a PG-PET system, which is capable for both PG and PET measurements, for carbon-ion therapy by 

using the Geant4 Monte Carlo toolkit.

Methods: The geometry of the PG-PET system was optimized to improve spatial resolution and detection efficiency. This 

system is consisted of two-dimensional (2D) scintillator array and a parallel-hole collimator. The optimal geometry was de-

cided by delivering a 260 MeV/u carbon beam to a 10×10×20 cm3 PMMA phantom and comparing detection efficiency for 

PG and PE with various parameters, such as collimator hole size, thickness, and scintillator material, etc. For a performance 

evaluation of the PG-PET module, the figure of merit (FOM) was defined as a peak amplitude and ratio production between 

the detected signal and background noise, which follows below: FOM=(Detected Signal)/(Background Noise)×(Peak Am-

plitude).

Results: The pitch size of the scintillator was fixed 4 mm for measuring both the PGs and positron emitters. Among the 

nominate, the optimal scintillator was decided as LaBr3 with 60 mm thickness because it showed the highest FOM. For 

the collimator, the optimal thickness was defined as 200 mm while hole size was 6 mm. The optimized PG-PET was able to 

detect the Bragg peak of prompt gamma within the difference of approximately 2 mm compared to the actual dose distribu-

tion.

Conclusions: In this study, the optimal geometry was decided for the PG-PET system. With the optimal geometry, ex-

perimental validation of the optimized PG-PET module will be performed in our further study.

Keywords: Prompt gamma, Positron emission tomography, Carbon-ion therapy
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Purpose: The clinical effect in carbon ion radiotherapy is evaluated using the clinical dose calculated from the physical 

dose and the Relative Biological Effectiveness (RBE). The current treatment planning system dose not consider variations 

in the RBE depending on the irradiation field size. In the present study, we measure field size effect using various detectors 

in the broad beam method and scanning method to find out the influence of the irradiation method and the detector size.

Methods: Variations in the relative dose of carbon ions for different irradiation fields sizes (150 mm, 125 mm, 100 mm, 

75 mm, 50 mm, 40 mm, 30 mm, 20 mm) were experimentally measured using the Si detector (sensitive volume (SV): 1.5 

mm×1.5 mm, 36 μm thick), the Markus chamber (SV: radius 2.5 mm, depth 1.0 mm), and the PinPoint chamber (SV: radius 

1.0 mm, length 5.0 mm). The experiment was performed at treatment room C and D in Gunma University Heavy Ion Medi-

cal Center (GHMC) with 290 MeV/n carbon ion beam. The measurement was performed on the center of SOBP.

Results: In the broad beam method and the scanning method, the effect of the field size effect was smaller for PinPoint 

than for Markus and for Si detector than for PinPoint. This is because the smaller the detector size, the smaller the volume 

effect and the influence of the fragmentation. It was also found that the difference between Markus and PinPoint was larger 

in the broad beam method than in the scanning method. The maximum difference in the broad beam method was about 

2.1％ and that in the scanning method was about 1.1％.

Conclusions: We investigated the factors related to the field size effect of therapeutic carbon beam for GHMC using three 

detectors. We found that the irradiation method and detector size make a difference in the irradiation field effect. In the fu-

ture, we will not only investigate other related factors, but also further study on Si detector.

Keywords: Carbon ion radiotherapy, Silicon detector, Radiation quality, Field size effect
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Purpose: A real-time solar cell-based in vivo dosimetry (SC-IVD) system for 3D-CRT consisted of flexible thin film solar 

cell and scintillating powder. This study evaluated the clinical feasibility of SC-IVD system for 3D-CRT.

Methods: SC-IVD was constructed by coating scintillating powder to flexible thin film solar cell using optical adhesive to 

enhance the sensitivity of the in vivo system. The calibration factors of the SC-IVD for 6 and 15 MV photon beam were ob-

tained by dividing the dose, measured at the 10 cm depth of solid phantom, by the signal measured using the SC-IVD. First, 

to evaluate the beam perturbation caused by measuring the surface dose using the SC-IVD, the PDD according to the pres-

ence or absence of the SC-IVD on the solid phantom surface was measured using an ionization chamber. Finally, to evalu-

ate the clinical feasibility of SC-IVD, the surface doses measured using SC-IVD was compared with those measured using 

the ionization chamber and TLD.

Results: When the SC-IVD was placed on the phantom surface for 6 and 15 MV, PDD was decreased by 0.5% compared 

to PDD measured when it was not on the surface of phantom. Difference of surface doses measured using SC-IVD system 

were less than 5% when compared to the ionization chamber and TLD for all cases of 3D-CRT.

Conclusions: The clinical feasibility of SC-IVD system for 3D-CRT was evaluated in this study. SC-IVD was able to accu-

rately measure the surface dose of the 3D-CRT beam compared to the ionization chamber with almost no beam perturba-

tion. The SC-IVD system has advantage of having flexibility to be used as in vivo dosimetry to measure surface dose on the 

patient’s curved skin, providing real-time measurement, and cost-effectiveness.

Keywords: Flexible thin film solar cell, In vivo dosimetry, 3D-CRT, Real time dosimetry
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Purpose: A stationary-inverse geometry digital tomosynthesis (s-IGDT) system should be operated to have the high non-

redundancy between projections due to its small scan angle and detector. The purpose of this study is to investigate the ef-

fect of a tilted source trajectory in the s-IGDT imaging and compare image quality with a linear source trajectory.

Methods: A linear source trajectory was simulated with a total translation distance of 600 mm for illuminating the full 

area of a 300×300 flat panel detector. A tilted source trajectory was designed by tilting the linear source trajectory with 30 

degrees on x-y plane and z-axis, respectively. 10 projections were obtained by both of the source trajectories. The obtained 

projections were reconstructed by a simultaneous algebraic reconstruction technique (SART) algorithm. The s-IGDT image 

quality was analyzed in terms of signal-to-noise ratio (SNR), full-width at half maximum (FWHM) and artifact spread func-

tion (ASF).

Results: The SNR of the s-IGDT images with the linear and tilted source trajectories were measured at 19.891 and 19.604, 

respectively. The FWHMs for an x-y plane and the ASF with the linear source trajectory were 5.7125 and 35.003 mm, respec-

tively, while The FWHMs with the titled source trajectory were 5.580 and 33.006 mm, respectively.

Conclusions: The results showed that the spatial resolution of the s-IGDT image for the x-y plane and z-axis was im-

proved by the titled source trajectory, and the noise property for the titled source trajectory was similar to that for the linear 

source trajectory. In conclusion, the s-IGDT system with the titled source trajectory is able to provide the detailed informa-

tion for diagnosis.

Keywords: s-IGDT, Tilted source trajectory, Spatial resolution, Noise
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Fig. 1. (1) shows two base phantoms large and small) and custom inserts. Figure(2) shows three representative CT images of the phantom 
[one axial image (Ax 1) and two coronal images (Cor 1 and Cor 2)]. The red lines in the phantom indicate the slice locations of three slices.

Fig. 2. Four phantom settings.

Fig. 3. The combination of two deformable image registration (DIR) patterns. DIR is performed on 
CBCT to CT and CT to CT using these patterns.
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Fig. 4. The reference and deformed contours of tumor and rectum in pattern2.
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Purpose: CBCT-based adaptive radiotherapy has been increasingly utilized. CBCT to CT deformable image registration 

(DIR) can be used for dose accumulation. Thus, in this study, we evaluated the CBCT to CT DIR accuracy using a geometric 

phantom.

Methods: Our geometric phantom reproduced tumor shrinkage, rectum shape change, and body shrinkage using sev-

eral physical phantoms with custom inserts. Four image dataset of planning CT (SOMATOM Definition AS+, Siemens) and 

CBCT (TrueBeam, Varian Medical Systems) using four phantom settings were obtained: setting1: insert1 (a large trigonal 

acrylic) and insert5 (an S-shaped air cavity), setting2: insert1 and insert3 (a trapezoidal air cavity) , setting3: insert2 (a small 

trigonal acrylic) and insert4 (an inverted S-shaped air cavity) , and setting4: three-quarter-scaled phantom and insert6 (a 

large trigonal acrylic) and insert7 (a trapezoidal air cavity). CBCT (moving image) to CT (fixed image) DIR were performed 

using the two DIR patterns (setting1 vs. setting3 and setting2 vs. setting4). For comparison, we performed the CT to CT DIR 

using the same DIR patterns. Three DIR methods implemented in RayStation were used: intensity-based (I-DIR), structure-

based (S-DIR), hybrid DIR (H-DIR). Dice similarity coefficient (DSC) and Hausdorff distance were evaluated (reference 

contour: expert manual contours). 

Results: Mean DSCs of proxy-tumor for all DIR patterns with I-DIR, S-DIR, and H-DIR were 0.80±0.09, 0.99±0.00, and 

0.99±0.01 for CBCT to CT DIR, respectively, they were0.87±0.10, 0.99±0.00, and 0.99±0.00 for CT to CT DIR. Mean DSCs of 

proxy-rectum for all DIR patterns with I-DIR, S-DIR, and H-DIR were 0.96±0.01, 0.98±0.01, and 0.99±0.00 for CBCT to CT 

DIR, respectively, they were 0.97±0.01, 0.99±0.00, and 0.99±0.00 for CT to CT DIR. 

Conclusions: Our result showed that CBCT to CT DIR had the worse DIR accuracy than CT to CT DIR for I-DIR, but S-

DIR and H-DIR achieved the similar DIR accuracy for CBCT to CT and CT to CT DIR. The result with CBCT to CT were 

similar to that with CT to CT. This might be a due to the simple structure of the phantom. Moreover, our geometric physical 

phantom is useful to evaluate the both CBCT to CT and CT to CT DIR.

Keywords: DIR, Phantom, CBCT, CT, ART
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Purpose: In current radiography, the image quality is improved by removing scattered radiation using a physical grid or 

image processing. This is because X-rays are simultaneously irradiated over a large area on the patient’s surface, and the 

source of the scattered radiation cannot be analyzed in detail. We are studying the scanning electron beam irradiation tech-

nique using a linear accelerator. If pinpoint irradiation by electron beams can be realized, the source of scattered photons 

by electron beams can be predicted relatively easily. This would improve the image quality of electron beam imaging. Our 

goal is to generate images by scanning electron beam irradiation. In this study, a detailed simulation of the scattered pho-

tons necessary for this purpose was performed.

Methods: Geant4 was used to simulate the scattering of the electron beam. First, simulations were performed by irradi-

ating several phantoms with a single energy electron beam from 1 to 9 MeV in a 5 mm×5 mm irradiation field. These were 

added up to match the actual energy spectrum output from the linear accelerator, and a scattering model was created us-

ing only the primary scattered photons incident on the FPD. Next, a model with additional secondary scattered photons 

was created using the same method. The scattered photons necessary for the modeling were discussed by comparing these 

models with the image models taken with X-rays.

Results and Conclusions: By applying the scattered photon model including secondary scattered photons, the image 

quality of electron beam images has been dramatically improved. However, the calculation time was 32 times longer than 

that of the model with only primary scattered photons. This was due to the fact that there were more secondary scattered 

photons in the electron beam than expected. It was thought that this could be improved by using 3D- FFT convolution.

Keywords: Monte Carlo, Electron imaging, Small field
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Purpose: A low-frequency electrical conductivity is usually measured by the internal electrical current flow caused by 

external current stimulation. We proposed a new in vivo noninvasive imaging method to extract low-frequency dominant 

electrical properties in the absence of external injection currents. 

Methods: We proposed a method for obtaining the low-frequency dominant conductivity tensor by taking into consider-

ation the extracted extracellular diffusion tensor map and the reconstructed electrical parameters. The proposed method 

uses the B1 mapping technique, which provides a high-frequency conductivity distribution at Larmor frequency, and the 

spherical mean technique (SMT), which directly estimates the microscopic tissue structure based on its water molecule 

diffusivity and neurite orientation distribution. To demonstrate the reliability of the proposed method, we conducted a hu-

man brain experiment using a conventional MRI scanner. 

Results: We investigated the decomposed high-frequency conductivity considering the apparent total concentration and 

mobility of ions. To estimate the total ion concentration in the extracellular compartment, we used the multi-compartment 

(MC)-SMT technique to estimate the structure of the microscopic tissue based on the water molecule diffusivity and neu-

rite orientation distribution. Comparing to the high-frequency conductivity map, the low-frequency conductivity map that 

reflects the ion concentrations and diffusion coefficient in the extracellular space (ECS) shows the different electrical prop-

erties, especially in the white matter region. Using the estimated extracellular diffusion tensor, we reconstructed the low-

frequency conductivity tensor map. The proposed method was able to predict the internal current density map in the brain 

in the absence of artificially injected external currents. Regarding the effective ion mobility in the extracellular space, the 

water diffusion tensor at a fixed b-value was decomposed into intra- and extra-cellular diffusion tensors considering the 

extracellular mean diffusivity and the transverse diffusivity.

Conclusions: With the total ion concentration weighted term, the low-frequency conductivity tensor was obtained by 

combining the total ion concentration and the extracellular diffusion tensor map, which is proportional to the ionic mobil-

ity tensor map. Human experiments were verified that the proposed method has the potential to stably recover the electri-

cal properties, not requiring any additional external injection current.

Keywords: Magnetic resonance electrical properties tomography, Multi-compartment model, Extracellular space, 

Spherical mean technique, Low-frequency conductivity tensor imaging
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Purpose: Functional MRI (fMRI) is sensitive to draining veins from the neural activation focus and the depicted activa-

tion areas broadly spread. In this study, we applied diffusion weighted imaging (DWI), which could suppress the extracel-

lular MR signals and enhances the intracellular ones, to investigate whether the DWI-fMRI could depict neural activity foci 

directly.

Methods: A healthy male volunteer was imaged successively using spin-echo echo-planar imaging (SE-EPI) DWI (TR=1.3 

s, b-value=2000 s/mm2) under 3T MRI. These time series imaging was performed with three orthogonal MPG directions, 

respectively. The boxcar task paradigm consisted of 9 epochs of 26-s visual stimulation (flickering dartboard) with equiva-

lent interval was shown on a screen in the scanner room. The maximal or minimal average signal was selected respectively 

for each pixel from three MPG datasets, the temporal image datasets composed of the maximal or minimal signals were re-

constructed as max or min-dataset, respectively. Activation maps for each dataset were calculated by SPM12 (P<0.001). The 

average time course changes in the activation area (P<0.05) were obtained.

Results: The activation area of max-dataset was smaller than that of min-dataset (Fig. 1). In particular, the activation area 

of the min-dataset was observed on the cortex. Although the highest signal change rate was smaller for the min-dataset, the 

significant increase at the initial time point (1.3 s) was observed (P<0.05) (Fig. 2).

Conclusions: Because the blood flow which is perpendicular to the MPG direction is not suppressed, the max-dataset 

contains more influence of the residual blood flow and it showed the BOLD-like signal changes (Fig. 2). The neural activity 

increases oxygen consumption and the intracellular oxygen level decreases before the blood flow increases to supply the 

oxygen to the activated neurons. This phenomenon appears in the initial significant increase shown in Fig. 2 because the 

decrease of the paramagnetic oxygen molecule enhances MR signal. A fast ramp-up of the signal for min-dataset may re-

flect neural activity directly, and the neural activity foci would be visible by DWI-fMRI.

Keywords: MRI, fMRI, Neural activity, DWI
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Fig. 1. Activation maps (t values, P<0.001) superimposed on the anatomical image obtained from max-dataset (a) and min-dataset (b).

Fig. 2. The time course of average signal change rate obtained from max and min-datasets. The vertical values of min-dataset are 
displayed by enlarging 2.5 times larger than those of max-dataset for visibility. Black bar represents stimulation period.
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Purpose: The study was compared the imaging performance of mobile and fixed magnetic resonance imaging (MRI) us-

ing digital analysis methods for quantitative image quality evaluation.

Methods: The materials were used for both fixed and mobile MRI (Archieva 5.3 version, Philips Medical Systems, Neth-

erlands) of 1.5 Tesla. The phantom (J2417, J.M. specialty parts, USA) used in ACR (American College of Radiology) was used 

for quantitative image quality evaluation. The acquisition conditions for these MRI were identical as following: FOV 25 cm, 

5 mm in a slice thickness, 5 mm in a gap, NEX 1, and matrix 256×256. The total of 11 images were obtained by adjusting that 

T1 was TR 500 msec, TE 10 msec, and T2 was TR 4500 msec, TE 15 msec. We used the digital analysis methods by ImageJ 

(1.52a, national institutes of health, USA). Imaging performances were quantitatively evaluated as following: geometric 

accuracy, high contrast spatial resolution, slice thickness accuracy, slice position accuracy, image intensity uniformity, 

percent signal ghosting, and low contrast object detectability. The measurement values were evaluated to be significantly 

different if the P-value was less than 0.05 using independent sample t-test.

Results: The mobile MRI was degraded with significant differences by geometric accuracy, image intensity uniformity, 

and high contrast spatial resolution 0.9 mm. However, there is no significant difference between the high contrast resolu-

tion 1.0 mm, slice thickness accuracy, slice position accuracy, percent signal ghosting, and low contrast object detectability.

Conclusions: The mobile MRI was more easily exposed to external high-frequency noise than fixed MRI, so the perfor-

mance of imaging with high-frequency components was lower than it. Therefore, when reading images with the mobile 

MRI, it is important to pay attention to geometric accuracy and high-contrast resolution, which should require shielding 

against external high-frequency signals. Furthermore, it is also necessary to provide clear guidelines for the mobile MRI im-

age quality evaluation methods.

Keywords: Mobile, Magnetic resonance imaging, Image quality, Digital analysis
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Purpose: Due to the complexity of this beam delivery system in the double scattering mode of proton therapy, the cur-

rent proton treatment planning systems are difficult to calculate monitor units (MU). In addition, the range and spread out 

Bragg peak (SOBP) values using CONVALGO provided by IBA (C_range, C_SOBP) are different from actual measured range 

and SOBP (M_range, M_SOBP). In this regard, C_ra nge, C_SOBP and output factor should be measured per the quality as-

surance (QA) of the patient treatment, which requires physical and temporal efforts. The aim of this study was to reduce the 

time and efforts spending for QA.

Methods: The actual measured 1,833 QA data increased to 5,475 through the process of data augmentation. The predic-

tive model was trained using six parameters, and the trained model predicted C_range and C_SOBP . For evaluation of the 

trained model, the CONVALGO values obtained through actual measurements were compared with the predicted CON-

VALGO values. In addition, the mean absolute error (MAE) and root mean square error (RMSE) for each range and SOBP 

were calculated and evaluated.

Results: In the case of the maximum difference, it was confirmed that there is a difference in the proton range of 0.22 cm 

and the SOBP of 1.22 cm. For the MAE and RMSE of proton range, option 1 showed best results, and the MAE and RMSE 

showed a difference of 0.0364 and 0.0465, respectively. The largest difference was analyzed in option 8 and the results were 

0.1174 and 0.1328 for MAE and RMSE, respectively. For MAE in SOBP, the best result was 0.0536 for option 1 and the best 

result for RMSE was 0.0669 for option 2, and both items had the worst results in option 8.

Conclusions: For the range, we achieved encouraging results with less than 1mm error on most options, but the predic-

tion of SOBP is not satisfied. However, it could be useful as a model that suggests initial setting conditions, and due to the 

nature of the deep learning, if a lot of data is collected and retrained, the predictive model will be further improved.

Keywords: Proton therapy, Quality assurance, Deep learning, Range, SOBP
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Purpose: Although the mean dose to parotid glands is known to be a predictive factor for xerostomia, there is no compre-

hensive approach to identify relevant predictive factors using dosiomics derived from parotid glands and submandibular 

glands. This study aimed to develop the predictive models for late xerostomia after radiotherapy and clarify the relation-

ships between dosimetric factors and xerostomia in patients with oropharyngeal cancer.

Methods: A total of 101 patients with oropharyngeal cancer treated with intensity modulated radiation therapy were 

retrospectively enrolled. Xerostomia was scored for each patient (grade 2 or <grade 2) according to common terminology 

criteria for adverse effects v4.0. Over 2,475 features were extracted from 3D dose distributions on parotid glands, and sub-

mandibular glands, respectively, and redundant features were eliminated using the Spearman’s correlation analysis. Con-

ventional predictive factors such as DVH parameters and clinical variables were also considered for model building. Two 

prediction models (parotid glands only vs. combined [parotid glands+submandibular glands]) for xerostomia at 12 months 

were constructed using Random Forest via Boruta feature selection, and the performance was validated with five-fold cross 

validation. The mean AUC of the validation cohort was used for evaluation. 

Results: Xerostomia grade 2 or <grade 2 at 12 months were 58 (57%), and 43 (43%) patients, respectively. The mean AUCs 

of the model with parotid glands and the combined model were 0.73, and 0.76, respectively. The top two features in both 

models were the same dosiomic features extracted from parotid glands, which are a measure of ‘peakedness’ of dose distri-

bution in the image ROI. (1st; original_firstorder_Kurtosis and 2nd; wavelet-LLH_firstorder_Kurtosis).

Conclusions: The predictive accuracy of the model using parotid glands was comparable to that of the combined model. 

Our results suggest that dosiomic features extracted from parotid glands are strongly associated with late xerostomia after 

radiotherapy in patients with oropharyngeal cancer.

Keywords: Xerostomia, Parotid glands, Submandibular glands, Oropharyngeal cancer, Dosiomics
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Fig. 1. Receiver operating characteristic (ROC) curves for predicting late xerostomia using selected predictive features; (A) parotid glands 
only and (B) combined (parotid glands+submandibular glands). Each line shows the individual results of the five-fold cross validation.

Fig. 2. Importance of features selected by Boruta algorithm in the two models; (A) parotid glands only and (B) combined (parotid 
glands+submandibular glands). The importance was normalized (0–100%) by the maximum importance of the feature in each model and 
top five features are shown in the figures.
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Purpose: The aim of this study was to improve the accuracy of skin cancer prediction using hyperspectral pre-processing 

data and a convolutional neural network (CNN) model.

Methods: The biopsy-proven-hyperspectral data were composed of 32 lesions (four melanoma, four basal cell carcino-

ma, and twenty-four benign) from Korea University Medical Center (IRB: K2020-2311-011). Hyperspectral imaging (SNAP-

SCAN VNIR, IMEC, Leuven, Belgium) composed of 115 spectral bands (ranging from 570 to 900 nm) was conducted. The 

hyperspectral data collected at each pixel were the reflectance at each wavelength, and hyperspectral imaging was used 

to generate a three-dimensional dataset of spatial and spectral information, known as a “hypercube”. Hyperspectral data 

consisting of three benign and one suspected lesion were labeled by a physician, and 22,500 pixels were obtained from the 

labels. The pixels were converted into 900 patches, of which one patch consisted of 5×5×115 voxels (width×height×band). 

The datasets that underwent pre-processing (CNNPre) and without pre-processing (CNNRaw) were split into training, test 

datasets according to a ratio of 8:2 (training: 720 patches, test: 180 patches). To assess clinical feasibility, 300 patches from 

eight lesions were used for the clinical validation dataset. Hyperspectral pre-processing data (normalization and smooth-

ing) were obtained using radiometric normalization and Savitzky-Golay filtering, which transformed hyperspectral data so 

that they were on a similar scale, to maximize the difference between the hyperspectral data of the benign and suspected 

lesions. CNN models were designed that included several convolution layers, pooled layers, and fully connected layers. The 

results of clinical validation were compared between CNNRaw and CNNPre, and the average accuracy, sensitivity, and false-

negative rate (FNR) were used to quantify the skin cancer prediction.

Results: CNNPre achieved higher performance in terms of average accuracy, sensitivity, and FNR than CNNRaw (accuracy: 

91.33%, 35.00%, sensitivity: 93.12%, 18.68%, FNR: 8.67%, 65.00%). The accuracy of CNNPre improved by 56.33% compared 

with that of CNNRaw.
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Conclusions: It was confirmed that data pre-processing affected the performance of skin cancer prediction. Further work 

in planned to extract hyperspectral features for each type of skin cancer to predict different skin cancer types.

Keywords: Skin cancer prediction, Melanoma, Basal cell carcinoma, Hyperspectral pre-processing data, Convolutional 

neural network (CNN)



S62

Oral Session

Purpose: This study examined whether sphere-shaped contour errors were erroneously delineated by radiation oncolo-

gists when delineating contours can be automatically corrected using U-Net.

Methods: A dataset including 135 cases of non-small cell lung cancer (NSCLC) (training data: 108, validation data: 27) 

provided by The Cancer Imaging Archive was used in this study as organs at risk (OARs), the bilateral lungs, heart, esopha-

gus, and spinal cord were delineated. Spheres were drawn as contour errors to tough a point 10-mm away from the border 

of each OARs. The sphere-shaped contour error had a radius of 1.34 cm. It is because Eclipse cannot automatically delete 

volumes smaller than 10 cc. A U-Net was constructed to correct the sphere-shaped contour errors. Five-fold cross-valida-

tion was performed with the GridMask data augmentation method. Accuracy was evaluated using the 95% Hausdorff dis-

tance (95% HD) and Dice coefficient (DC).

Results: The mean 95% HD and DC for the bilateral lungs, heart, esophagus, and spinal cord were 0.0 mm and 99.5%, 0.0 

mm and 99.6%, 0.0 mm and 97.6%, and 0.0 mm and 98.1%, respectively.

Conclusions: Sphere-shaped contour errors could be automatically corrected using U-Net with accuracy in DC of ≥97%.

Keywords: Contour errors, U-Net
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Purpose: An adaptive treatment planning due to the bladder structure variation is a major issue in radiation therapy 

since the bladder has a larger volume (or shape) change than other organs’. Even though the daily cone-beam computed 

tomography (CBCT) could catch the organ shape variation and the consequent dose deviation, the segmentations for all 

daily treatments cause a heavy workload. Thus the auto-segmentation is necessary to the adaptive treatment planning, and 

the deep-learning method was proposed to be a breakthrough for the inaccurate segmentation on the poor CBCT image in 

other auto-segmentation tools.

Methods: Total 423 CBCTs for 17 rectal cancer patients having 25 fractions were selected. The training dataset generated 

from 5155 images (including the validation dataset of 1290 images) corresponding to 373 CBCTs were used for the deep-

learning training (in frameworks of Tensorflow and Keras) with a 2D residual U-net (ResNet) model. The model designed 

with input as coronal CBCT slices and output as bladder coronal segmentation masks sized with 128x128 image pixels was 

developed under the kernel size of 5x5, Adam optimizer, and the binary-cross entropy loss function. In addition, 50 CBCTs 

for the remaining two patients were utilized as the test dataset, to evaluate the segmentation accuracy based on the metrics: 

Dice similarity coefficient (DSC), the precision, and the sensitivity. Bladder volumes calculated by segmentations predicted 

from the deep-learning were compared with the volumes manually segmented.

Results: The bladder auto-segmentation based on the deep-learning recognized the bladder wall even in the mild arti-

fact regions caused by the air cavity. The values of DSC, precision and sensitivity for the bladder auto-segmentations were 

93.2%, 93.1%, and 93.3% respectively. The bladder volume difference between the deep-learning and manually contoured 

in TPS were estimated as -1.07% (±3.80%).

Conclusions: The bladder auto-segmentation on CBCT using the deep-learning technique showed reliable performance 

in general cases, including mild artifacts. However, inaccurate segmentations due to strong artifacts are still our mission to 

solve in future studies.

Keywords: Deep-learning, Auto-segmentation, 2D residual U-net, CBCT
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Purpose: Machine learning (ML) is a promising tool to support treatment decision-making through accurate outcome 

prediction after radiotherapy. Although ML model cannot predict patient outcome beyond the interpolation space of 

patient data used for model training, the predictive performance of ML model might be improved by expanding training 

distribution with extrapolation of training data. The purpose of this study was to develop prediction models with higher 

performance in outcome prediction of oropharyngeal cancer patients after radiotherapy.

Methods: Outcome prediction models were developed with three types of training data, i.e., original data, interpolation 

data, and interpolation+extrapolation data. The information of 495 oropharyngeal cancer patients who have 32 clinical 

features (e.g, age, tumor stage, and HPV status) and 5 dosimetric features (e.g, total prescription dose, number of fractions, 

and BED) was acquired from the cancer imaging archive database. Multiple linear regression (MLR) and artificial neural 

networks (ANN) were used as prediction models. Virtual training data were constructed by interpolation and extrapolation 

of original training data. For performance evaluation, 5-fold cross-validation was conducted 20 times, and cross-validated 

C-index was calculated in each model.

Results: The predictive performances of the models trained with interpolation+extrapolation data were significantly 

higher than other models (P<0.01, Wilcoxon signed-rank test). Cross-validated C-indexes of MLR models were 0.560±0.098 

(original), 0.562±0.097 (interpolation), 0.583±0.079 (interpolation+extrapolation). Cross-validated C-indexes of ANN mod-

els were 0. 572±0.095 (original), 0. 577±0.094 (interpolation), 0. 600±0.086 (interpolation+extrapolation).

Conclusions: The performance of ML models to predict outcome of oropharyngeal cancer patients treated with radio-

therapy was significantly improved by expanding training distribution with extrapolation of training data, which indicates 

the usefulness of extrapolation data in outcome prediction after radiotherapy.

Keywords: Machine learning, Extrapolation data, Oropharyngeal cancer, Radiotherapy, Artificial intelligence
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Fig. 1. Visualization of virtual data distribution. (A) Original data. (B) Virtual data constructed by interpolation of the original data. (C) 
Virtual data constructed by interpolation and extrapolation of the original data. xa xb: artificially created features. y: artificially created 
label.

Fig. 2. Predictive performance on 20 times 5-fold cross-validations. Oropharyngeal cancer dataset. (B) Prostate cancer dataset. 
*Significantly improved performance (P<0.01, Wilcoxson signed rank test). Abbreviations: MLR=multiple linear regression; ANN=artificial 
neural networks.
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Purpose: This study developed an automatic three-dimensional (3D) segmentation algorithm for MRI head images us-

ing 3D residual convolutional neural networks to increase of tumor treating fields (TTF) therapy treatment efficiency.

Methods: Specific voxel models are required for each region of interest (ROI) tTo calculate the alternating electric field 

inside the human body, which can then be used for to estimate TTF effectiveness, a voxel model for each region of interests 

(ROI) is necessary. We employed a convolutional neural network Tto automatically generate these a voxel models of each 

ROI, convolutional neural network was used. The bBlank space in the head MRI head images (256××256××256 pixel, T1 

and, T2 images) images was removed through in preprocessing. Aand a 3D Rresidual U-net that used the information of 

the voxels for multi-class segmentation was employed used to divide the head MRI images into five regions (body, bone, 

CSFcerebrospinal fluid, white matter, and grey matter) using voxel information for multi-class segmentation depending on 

according to their physical properties. The study used head MRI considered voxels for multi-class segmentation images of 

from 80, 10, and 10 patients for training, 10 for internal validation, and 10 for a testing, respectively, used to derive report 

final prediction accuracyies.

Results: The 3D residual U-net required 40 hours to train using Nvidia 3090 graphics processing units. Test trained U-net 

achieved Dice scores=0.9211, 0.6867, 0.8250, 0.8908, and 0.8544 for body, bone, cerebrospinal fluid, white matter, and grey 

matter segmentation, respectively, with best segmentation achieved for body and least for bone.

Conclusions: Segmenting internal organs using individual patient MRI head images is challenging. The proposed 3D 

residual U-net segmented each patient’s head with considerable accuracy. However, bone segmentation accuracy was rela-

tively poor, and future work should look to improve this; as well as increasing overall 3D segmentation accuracy by improv-

ing the learning model.

Keywords: Automatic 3D segmentation, Tumor treating fields therapy, 3D residual convolutional neural network
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Purpose: Four-dimensional radiation therapy (4DRT) is the strategy minimizing dose uncertainty to tumor and organs-

at risk caused by respiration induced organ motion. One key component in 4DRT is an accurate compensation for the dis-

crepancy between target position and the latency of beam on-off. Therefore, high precision algorithm capable of predicting 

respiration at the later of beam latency time is necessary. Thus, we investigated the accuracy of deep-learning models (Long 

Short-Term Memory: LSTM, Bi-directional LSTM: Bi-LSTM and Transformer) and evaluated the clinical applicability to 

4DRT.

Methods: As substitutes of internal organ positions, respiration signals are used for 4DRT. Therefore, 527 respiration sig-

nals collected by a respiratory tracking system (AZ-733VI, Anzai Medical Co, Ltd.) were used for study. Among the 527 data, 

47 were assigned to a test set, and the remaining 480 data were grouped into a training (70%) and a validation set (30%). 

Prediction accuracies were measured using the Root Mean Square Error (RMSE) and Correlation Coefficient (CC) for dif-

ferent input training sequences (Ts: 1000, 1200, 1400 msec) and output prediction points (Pt: 300, 500, 700, 900 msec). By 

equating the respiration signals with target position (max 5 mm), the errors were measured in mm at 30% and 70% of respi-

ration phases.

Results: Under the condition of Ts: 1000 msec and Pt: 500 msec, Transformer showed the best performance among three 

models. RMSE was 0.2598, 0.2625, 0.2438 and CC was 0.9639, 0.9614, 0.9700 for LSTM, Bi-LSTM, Transformer, respectively. 

With increasing Ts, accuracy was not improved, while it with increasing Pt, Transformer model outperformed the other 

models. Errors measured in target positions were: the maximum of the average errors was 0.39 mm, 0.68 mm, 1.55 mm and 

the maximum error was 2.20 mm, 3.90 mm, 4.58 mm at the latency time of 300, 500, 700 msec, respectively.

Conclusions: The preliminary results demonstrate that Transformer outperformed LSTM and Bi-LSTM. And the three 

models provide averaged error of less than 1.5 mm for 5 mm of tumor motion for gated 4DRT.

Acknowledgments: Supported by the National Research Foundation of the Republic of Korea, funded by the Ministry of 

Science, ICT and Future Planning (2019M2A2B4096537, 2019R1F1A1062775).
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Fig. 1. The plots of actual and predicted respiratory signals: (a) 
LSTM, (b) Bi-LSTM, and (c) Transformer.
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Fig. 2. The average error in mm at the 30%, 70% phases for regular and irregular patterns with three different prediction points: 300, 500, 700 ms.
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Purpose: Proton computed tomography (pCT) has a potential for reduction of range uncertainty in proton therapy treat-

ment planning. However, pCT has a problem of image deterioration due to multiple Coulomb scattering (MCS) of protons 

in matter. No research improving deteriorations in an integrated-type pCT image has been done. The aim of this research is 

to develop a scattering correction method for an integrated-type pCT image.

Methods: The proposed method consists of following four steps; first, an initial pCT image was assumed and initial pro-

ton radiography (pRG) images were acquired by forward projection. Second, Lynch’s formula was used to calculate the size 

of scattering and it was applied to the pRG images. Third, the difference between the pRG images including the MCS effect 

and measured pRG images was calculated, and updated pRG images were acquired by adding the difference multiplied by 

a relaxation coefficient to initial pRG images. Finally, corrected pRG images were acquired by the iterations of these pro-

cesses, and a corrected pCT image was reconstructed with filtered back projection method from the corrected pRG images. 

To evaluate our method, we performed a Monte Carlo simulation using PHITS (Particle and Heavy Ion Transport code Sys-

tem), and irradiated a cylinder of water with a radius of 2 cm with 200 MeV proton beam which had 8×8 cm2 uniform field. 

All penetrating protons stopped in scintillator set downstream of the object. pRG images were acquired by integrating dose 

in scintillator along the beam direction. We evaluated the corrected pCT image in comparison to a pCT image reconstruct-

ed with filtered back projection method from the uncorrected pRG images.

Results: The mean absolute error of the corrected pCT image against true value was 7.18%, while that of the uncorrected 

pCT image was 11.43%. Deterioration around boundary of water cylinder was obviously improved. On the other hand, 

noise in the corrected pCT image appeared due to the iteration process.

Conclusions: We developed a scattering correction method for an integrated-type pCT image. We acquired a pCT image 

with less deterioration. We will verify the effectiveness of our method in more complex subjects in the next step.

Keywords: Proton therapy, Computed tomography, Proton CT, Multiple coulomb scattering
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Fig. 1. A schematic image of integrated-typed proton imaging system. All protons passing through the object stop in the scintillator, the 
scintillation light integrated along the beam direction is detected by the CCD camera, and two-dimensional distribution of scintillation 
light corresponding to proton beam energy is acquired.

Fig. 2. pCT images of water cylinder with radius of 2 cm and line profiles in pCT images. Left: the pCT image reconstructed by 
conventional FBP. Right: the pCT image derived with our proposed method.
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Purpose: A graphite calorimeter for the Leksell Gamma Knife® (LGK) was designed and constructed. The dosimetry for 

the LGK has been conducted by using ionization chambers, which are calibrated in a conventional beam. To compensate 

for a difference between these beams, TRS-483 recommended that a beam quality correction factor,k_(Q_msr,Q_0)^(f_

msr,f_ref), for each ionization chamber should be evaluated and applied. The additional correction will increase uncertain-

ty in dose evaluation. In calorimetry, the absorbed dose to water can be evaluated in a direct and absolute way in the LGK.

Methods: The graphite calorimeter consists of a sensitive volume (core), a jacket, and a medium. The core is designed 

as a sphere with a radius of 5 mm, and the whole shape of the calorimeter is a hemisphere atop a cylinder. Thermistors in 

each graphite body and Wheatstone bridges construct temperature measurement systems. Thermal control systems are 

also set up to operate the calorimeter in the quasi-adiabatic mode or the constant temperature mode. In both modes, the 

temperature of the jacket is controlled so that the temperature difference between the core and the jacket remains constant. 

The temperature of the medium is kept at a constant temperature.

Results: The performance test of the calorimetry system is carried out. The noise level of the Wheatstone bridge is about 

0.1 μVpp, and it corresponds to 0.03 mK. The temperature difference between the core and the jacket is kept constant with-

in the range of 0.03 mK. As a preliminary test, 9.5 mJ of electric energy is supplied to the core in the quasi-adiabatic mode. 

The temperature rises approximately by 13.4 mK, and it was equivalent to about 10 Gy of the absorbed dose to graphite. 

Conclusions: The graphite calorimeter for the LGK was developed for the absolute dosimetry of the LGK. The perfor-

mance test of the system was conducted, and the expected amount of the temperature rise was observed for the known 

amount of the electric energy dissipation.

Keywords: Leksell gamma knife, Absolute dosimetry, Graphite calorimeter, Absorbed dose to water
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Purpose: To analyze dosimetric effect of the adaptive planning frequency for intensity-modulated proton therapy (IMPT) 

of prostate cancer during treatment course.

Methods: For 23 patients with prostate cancer, treatment planning CT (TPCT) images and daily in-room CT (DCT) im-

ages acquired before irradiation were used. CTV is defined as the prostate and entire seminal vesicle (SV) in all patients, 

assuming high-risk group. Treatment plan was generated using TPCT (23 sets) and DCT (483 sets) at 63 Gy (RBE) in 21 frac-

tions. Daily set-up was assumed to be prostate matching using DCT. The estimated daily dose distribution was calculated 

assuming that the adaptation frequency was 0, 3, 5, 7, 10, 15, and 21 times. We compared the achievement rate of clinical 

goal for DVH indices (CTV D99, prostate D99, and SV D99>59.85 Gy (RBE) (95% of prescribed dose), rectum V30<50%, rec-

tum V50<20%, and bladder V30<30%) according to the adaptation frequency.

Results: The full adaptation (21 times) achieved the highest rate of clinical goal for all DVH indices. Clinical goal for 

prostate D99, rectum V30, and bladder V30 was achieved in >95% occasions regardless of the adaptation frequency. The 

achievement rate of clinical goal for SV D99 was 37.7, 63.6, 68.5, 68.1, 82.2, 91.9, and 100.0% for 0, 3, 5, 7, 10, 15, and 21 times 

in adaptation frequency. The achievement rate tended to increase as the adaptation frequency increased. The same trend 

was observed for CTV D99 and rectum V50 as SV D99.

Conclusions: It was suggested that daily adaptive planning should be used to cover the dose to SV in IMPT for high-risk 

prostate cancer for whom the entire SV is to be included in CTV.

Keywords: Prostate, Adaptive therapy, IMPT
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Purpose: The purpose of this study is to develop a portable image-guidance system (PIGS) for preclinical experiments to 

identify anatomical structures of small animals and deliver beams accurately to their target locations more precisely.

Methods: The PIGS consists of gadolinium oxide (Gd2O3) scintillator, transparent acrylics, thin mirror, opaque poly-

methyl methacrylate (PMMA), and charge-binding devices (CCD) cameras. It is also designed to reduce dosimetric influ-

ence by employing tissue-equivalent materials as the main body. Using X-RAD 320 devices, the x-ray beam was irradiated 

with Gd2O3 scintillators under parameters of 130–35 kVp/12.5–45.0 mA. Using 3D printed grids and homemade mouse 

phantom, we evaluate the accuracy between the actual position and the location in the imaging coordinate and we evalu-

ate the quality of anatomical images by setting a 5.0 mm ROI on images such as the actual mouse Lt. brain, Lt. lung and Lt. 

femur for each energy. Furthermore, the EBT3 film was used to compare the solid water phantom and PIGS with the dose 

measurements at a depth of 5.0 mm to confirm any differences.

Results: Overall, PIGS showed excellent results in evaluating the accuracy and image quality of image coordinates of 

small animals. The accuracy of the image coordinates showed error values below the moving average ±0.5 mm. Further-

more, the actual mouse anatomical imaging results showed the best image results under 35.0 kVp and 45.0 mA conditions, 

with Lt. brain CNR value was 17.51±0.80, SNR value was 0.49±0.03, Lt. lung CNR value was 14.60±0.83, SNR value was 

2.26±0.37, and Lt. femur CNR value was 7.78±0.77, SNR value was 0.16±0.01. In addition, the dose evaluation of PIGS and 

solid water phantom using EBT3 showed a Dmax error value of within 0.2% at a depth of 5mm measured.

Conclusions: It was evaluated that PIGS could identify the main anatomical structures of mice to deliver radiation beams 

to targets accurately. In addition, it was proved that the application of PIGS in X-RAD 320 did not cause any dosimetric in-

fluence.

Keywords: Gd2O3 scintillator, CCD camera, Image-guidance system, Dosimetry, X-ray beams
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Purpose: In spot-scanning proton therapy, it is necessary to align the patient adapting to the inter-fractional anatomical 

changes to deliver the dose as planned. The proton dose distribution is sensitive to the range variation due to these chang-

es. In this study, we propose a range adapted alignment method to reduce the range error of each beam.

Methods: The water equivalent thickness (WET) was used as an index of range error due to inter-fractional anatomical 

changes. In order to prevent significant dose distortion, the range adapted patient alignment was performed to minimize 

the WET variation for each irradiation field after the conventional intensity-based alignment. The patient alignment for 

range adaptation was optimized for three conditions: one degree of freedom (DOF) in rotation(roll axis); three DOF in rota-

tion; and six DOF in translation and rotation. The mean, standard deviation (SD), ware compared as statistics of WET dif-

ferences. In order to evaluate the effect of the proposed method in the spot-scanning proton therapy, the WET differences 

ware compared at each spot between plan CT and re-plan CT in the case of head and neck cancer. 

Results: After the conventional intensity-based alignment, the mean and SD of WET differences for each fields ware 1.2 

mm (SD 8.7), 1.3 mm (SD 8.1), and 1.5 mm (SD 6.5). As a result of range adapted alignment, the maximum difference in the 

rotation and translation for each field was 4.8 degrees and 1.4 mm, respectively. The SD of WET differences decreased in 

all conditions with a maximum decrease of 7% in six DOF condition. The mean value of WET differences also decreased by 

0.9–1.4 mm at each field by allowing translation.

Conclusions: We proposed the range adapted patient alignment using spot-by-spot WET variation. The proposed meth-

od allows us to achieve patient alignment with reduced range error by adapting to inter-fractional anatomical changes.

Keywords: Proton therapy, Patient alignment, Range-based registration, Water equivalent thickness
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Purpose: We verify the accuracy of range for proton beam using the arrival time of ion-acoustic waves by different com-

binations of sound speed and density in the water phantom. Also, the effect of the material combination on the arrival time 

of the iono-acoustic wave was confirmed.

Methods: The arrival time and distance of the iono-acoustic wave are compared with various combinations. When a 

water phantom has the sound speed of 1500 m/s and the density of 1000 kg/m³, the range of proton beam used as a refer-

ence value. The average value of sound speed and density is set equal to that of a uniform water phantom, the three devia-

tion combinations for the sound speed and density range are 15 each, 20 each, and 20 sound speed and 50 density. Then, 

the material of rectangular phantom is constructed by extracting the average and deviation of HU values for the soft tissue, 

bone, and air region in CT images of the ATOM phantom. In the rectangular phantom, the combination of materials was 

organized into tissue-air, bone-air, and tissue-bone, respectively. Finally, we checked the arrival time of the iono-acoustic 

wave from the head & neck (H&N) image of the ATOM phantom. The iono-acoustic wave was calculated using K-wave 

simulation software.

Results: In the case of water phantom, the difference of Bragg-peak position for three combination was 0.108, 0.138, and 

0.226 mm, respectively. In the rectangular phantom, the difference of Bragg-peak position was the highest at 19.19 mm 

when BP occurred in the air in the bone-air combination. When air is included in the material combination, the difference 

of proton range is large. In the H&N case for the ATOM phantom, the proton range difference was 0.78 mm for soft tissue 

and bone, and 7.65 mm for nasal cavity.

Conclusions: The presence of an air region between the Bragg-peak and the detector increases the uncertainty about the 

arrival time of iono-acoustic wave. Range measurement using iono-acoustic wave requires correction in lung and head & 

neck regions that includes low density material.

Acknowledgments: This research was supported by the National Research Foundation of Korea (2018R1C1B600814913).
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Fig. 1. The process of measuring the iono-acoustic wave signal of two detectors using a head & neck 
case.
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Purpose: The MVCT number is converted to mass density (MD) according to the MVCT number to the MD calibration 

table (MVCT-MD table). This study aimed to calculate the tolerance levels of mass density (MD) for adaptive radiotherapy 

(ART) and to define tolerance levels using clinical patient plans. 

Methods: The tolerance levels of MD causing a dose error of 2% were calculated using the tissue maximum ratio data 

on HT and the effective tissue thickness data for lung, adipose/muscle, and cartilage/spongy-bone based on International 

Commission on Radiological Protection110. The daily MD variations was calculated from the standard deviations of the 

MVCT number and was compared with the proposed tolerance levels. The dose distribution in the four sites was calculated 

using the MVCT-MD table with added proposed tolerance levels. 

Results: The proposed tolerance levels with the MD dose error of 2% for lung, adipose/muscle, and cartilage/spongy-

bone were found to be ±0.045 g/cm3, ±0.022 g/cm3, and ±0.045 g/cm3, respectively (Fig. 1). The daily MD variations con-

verted from two standard deviations in MVCT number over 6 months (n=78) were less than the proposed tolerance levels.

The calculated dose distribution using the MVCT-MD table with the added tolerance levels indicated a dose error within 2%. 

Conclusions: The tolerance levels of MD for ART were proposed, and this tolerance levels are useful for quality control of 

the MVCT-MD table.

Keywords: ART, Helical tomotherapy, Mass density, MVCT number, Tolerance levels
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Purpose: This study aims to predict the proton beam range by converting two-dimensional (2D) scintillated light distri-

bution (LD), induced by proton beam in the volumetric plastic scintillator, into 2D dose map obtained in the water phan-

tom using the deep-learning (DL) method. The simple combination of a scintillator and a CCD camera with DL method 

enables the easy and quick setups of a daily QA device especially used in the proton beam range measurement. 

Methods: The plastic scintillator (BC408) of 10×10×30 cm3 and the CCD camera were adopted to the beam-range mea-

surement. The complicated LD depending on the scintillator density and geometry could be converted to the dose map 

estimated in the water medium easily via the DL. The DL model of 2D residual U-net with 6x6 kernels was used under the 

frameworks of Tensorflow and Keras. Binary cross entropy loss function and Adam optimizer were used. For the acquisition 

of datasets under various proton beam conditions (energies, field sizes, and beam-axis shifts) to be used to the DL training, 

the Monte Carlo (MC) simulation tool (TOPAS) was used. In the simulation, 2D LDs were captured by CCD camera after ir-

radiation onto the scintillator top surface, where the CCD plane is 55 cm distant from the scintillator lateral surface. The ef-

fective LD on CCD was estimated by photons on the scintillator lateral surface back-propagated from the collected photons 

on CCD. The training set consisted of 909 image pairs of scintillated LD and water dose maps. The validation set was 10% 

randomly selected from the training set, and the test set has the additional 56 image pairs. The MC and DL dose maps were 

compared by range differences and gamma-index maps. The range position was estimated by Bragg-peak fitting.

Results: The range resolution for various conditions were less than 0.1 mm including uncertainties of Bragg-peak fitting 

and statistical errors even in the beam-axis shifted cases. The averaged gamma passing rate was 97.8±1.8% under 2%/2 mm 

condition.

Conclusions: The DL conversion method using scintillated LDs in the CCD+scintillator system is feasible for proton 

beam range estimations with 0.1 mm accuracy.

Keywords: Plastic scintillator, Monte Carlo simulation, Deep-learning, Proton beam, Bragg peak
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Purpose: East Japan Heavy Ion Center, Faculty of Medicine, Yamagata University (EJHIC) is 7th carbon ion therapy cen-

ter in Japan, and the first in northern Japan. We have started prostate cancer treatment in February 2021, and are currently 

doing many preparation work for rotating gantry.

Methods: The unique feature of the center is its small building which holds all necessary systems including a rotating 

gantry. It was built adjacent to Yamagata University Hospital to offer every necessary treatment within the hospital. The 

carbon-dedicated medical accelerator consists of an electron cyclotron resonance (ECR) ion source, a series of linear ac-

celerator of radiofrequency quadrupole (RFQ) and interdigital H-mode drift tube linac (IH-DTL) with an energy of 4 MeV/u, 

and a synchrotron of 430 MeV/u with the extended flattop operation. The whole accelerator components are located on the 

underground floor 10 m below the ground level. The facility has two irradiation room on the 2nd floor, one is fixed horizon-

tal irradiation room and the other is a rotating gantry irradiation room. The rotating gantry was redesigned from the NIRS 

model by short-length scanning system with an effective scanning magnet and stronger superconducting magnets. An irra-

diation volume is formed through the combination of XY scanning system and beam energy control by the accelerator itself 

without any physical range-shifter components. Inclined two-directional X-ray imaging system allows us to perform fast 

patient positioning and respiratory gating. 

Results: The construction of the building was completed in May 2019. Beam generation began in November and accel-

eration was confirmed in January 2020. Beam data including beam spot profile and integral depth dose curves have been 

acquired in late 2020. Treatment began on February 25, 2021 from the prostate cancer in the fixed horizontal irradiation 

room, followed by the other cancer types in the rotating gantry irradiation room in late 2021.

Conclusions: In this presentation, progress of the project and the clinical commissioning will be presented.

Keywords: Carbon ion therapy, Superconducting rotating gantry, Prostate cancer
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Purpose: The goal of targeted radionuclide therapy is to maximize tumor control while minimizing normal tissue dam-

age. Dose calculation is essential to estimate the outcomes of the therapy. However, the development of a dose point kernel 

(DPK) is lacking for heterogeneous media. The study aims to calculate the dose in soft tissue, compact bone, and its inter-

face for personalized radionuclide therapy.

Methods: To develop the DPK for beta particles, we used the recently developed radiopharmaceutical 177Lu-PSMA-617. 

Using TOPAS 3.6.p1, we obtained radial dose distributions in three different medium conditions, involving ICRP-based soft 

tissue, compact bone medium, or soft tissue to air interface. The isotope Lu-177 was placed in the center of the world. The 

divided scoring region and voxel sizes for calculation were as described by Helena et al. The number of history was 5E7.

Results: Overall configuration of DPKs showed an exponentially decreasing shape with distance as we expected. Espe-

cially the distance increases, the scaled dose to distance J(r/X_90) in the water soft tissue to air interface decreased more 

rapidly than the one in other homogeneous soft tissue media, by up to 5.99%. And the scaled dose to distance of compact 

bone decreased slightly slower than the one of soft tissue, by up to 9.27%. The result is possibly due to a decrease in scat-

tered beta particles as the scoring volume borders the open-air space.

Conclusions: In this pilot study, we investigated the DPK of representative beta emitting radionuclide, Lu-177, about hu-

man soft tissue and bone. To the best of our knowledge, this is the first attempt to develop and analyze DPK at the soft tis-

sue to air interface. Further development of more precise DPKs and comparative analysis with actual radiotherapy data are 

under plan.

Keywords: Dose point kernel, Radionuclide, Lu-177, TOPAS, Monter Carlo simulation
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Fig. 1. The geometry of scoring volume (a) in water or bone, (b) in water to air 
interface.

Fig. 2. Normalized scaled dose J(r/X90) for Lu-177 in soft tissue (green), in bone (purple), and at soft tissue to air interface (blue).
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Purpose: According to the retrospective study about unresectable Chondrosarcoma’s treatment (S. Matsumoto, et al., 

ANTICANCER RESEARCH 40: 6429-6435), it was found that there is correlation between the recurrence of cancer and the 

linear energy transfer (LET). So, it is important to predict not only the dose distributions but LET for quality assurance (QA). 

Therefore, I considered about the methods to predict LET by using the LET dependency of scintillator luminescence.

Methods: The scintillators were irradiated with 290-MeV/n monoenergetic carbon-ion beam at the HIMAC, and we 

measured the luminescence of scintillator using a CCD camera. Then, we got luminescence depth distributions by chang-

ing the length of range sifter. And we performed the experiments using scintillators that has different compositions. We can 

derive the LET by comparing luminescence distributions obtained by experiments and LET data obtained by simulations. 

To obtain the LET data, we used the Geant4 as Monte Carlo simulations.

Results: We found out the best combination for predicting LET from the ratio of luminescence distributions were ZnS 

scintillator and organic scintillator, MM200607 (styrene substrate, Tetraphenyl butadiene 1st solute, POPOP 2nd solute).

Conclusions: In order to predict LET with high accuracy, it is necessary to search other pair of scintillators which have 

quite more difference in amount of luminescence around Bragg peak.

Keywords: Linear energy transfer, Scintillator, Dose distribution, Particle therapy, Carbon-ion beam
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Purpose: When the linear accelerator (LINAC) using more than 8 MeV energy of radiation, the components inside and 

around the LINAC head are activated through the photonuclear reaction. The objective of this study is to conduct spectros-

copy for the LINAC after the equipment was shut downed to figure out the induced radionuclides and the variation of the 

concentration as the time flows.

Methods: We conducted the spectroscopy using the portable HPGe detector and NaI(Tl) detector and Thermo FH 40 

G-L10 Survey Meter. Before measurement, we performed energy and efficiency calibration using a certified reference 

material (CRM) contained 137Cs and 60Co. The induced radionuclides and the energy spectra were obtained for LINAC in 

operation. The spectroscopy was conducted for within 1 hour after the beam-off, and measured under the condition as jaw 

and the MLC were opened entirely. We measured the background inside the treatment room and then subtracted from the 

measured data. The survey meter was used for measuring the surface dose rate of the LINAC as time flows.

Results: Achieved energy spectra with HPGe detector were analyzed after subtracting the background measurement, and 

the nuclides such as 203Pb, 187W, 64Cu, 122Sb, 58Co, 54Mn, 60Co, 57Ni were detected. The spectra shape obtained with NaI(Tl) de-

tector were similar with the HPGe detector. However, accurate analysis for spectra was impossible due to the energy resolu-

tion of detector. The surface dose rate was decreased about 20% within 1 hour after the moment of beam-off.

Conclusions: With the results of the spectroscopy after shut-down of the LINAC, more than 10 radionuclides were identi-

fied and the surface dose rate were over the background level. However, some radionuclides with short half-life were not 

detected unlike the report provided by the manufacturer. In future work, we will proceed comparison and analysis of the 

radionuclides with the Monte Carlo study of LINACs per equipment.

Acknowledgments: This study supported by the Nuclear Safety and Security Commission (No. 2003013) and a National 

Research Foundation (No. 2018R1D1A1B07050217).
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Purpose: Irradiation field for BNCT is the mixed field of thermal, epi-thermal and fast neutrons, and gamma rays, so the 

discrimination estimation is necessary for each dose component. The point-wise estimation using activation foil, thermo-

luminescent dosimeter (TLD), ionization chamber, etc., is mainly performed at present, but two-dimensional (2D) estima-

tion is also needed. As part of the advancement in characterization for BNCT irradiation field, a study was performed for 

the 2D component-discrimination estimation using a radiochromic gel dosimeter base on polyvinyl alcohol - glutaralde-

hyde – iodide (PVA-GTA-I).

Methods: Three-layered planer gel dosimeter was prepared. Each planar gel dosimeter was 10 cm in width, 10 cm in 

length and 0.3 cm in thickness. The first layer (Gel-1) was a PVA-GTA-I gel dosimeter containing boric acid of natural abun-

dance for boron-10 or lithium sulphate of enrichment for lithium-6 as the sensitizers for thermal neutrons. The second 

layer was a normal PVA-GTA-I gel dosimeter without the sensitizers. The third layer (Gel-3) was a PVA-GTA-I gel dosimeter 

consisting of heavy water instead of light water. For fast neutrons, the recoiled protons or deuterons due to the elastic scat-

ter of hydrogen or deuterium mainly contribute to dose. For thermal neutrons, the nuclear reactions of boron-10 or lithi-

um-6 mainly contribute to dose. The response characteristic for neutrons and gamma rays was estimated by experiments 

and simulation calculations. The verification experiment for 2D component-discrimination estimation was performed.

Results: From the verification experiment for 2D component-discrimination estimation, the 2D dose distributions were 

obtained. It was confirmed that the 2D distribution for thermal neutrons were relatively in close agreement with the esti-

mated result by activation method using gold thin film. The absolute value by the gel dosimeter was almost two times larger 

compared with the activation method. It is thought that the components scattered in the gel dosimeter contributed addi-

tionally. For gamma rays, the 2D dose distribution was in good agreement with the estimated result by TLD.

Conclusions: The feasibility for the 2D component-discrimination estimation using the three-layered planer gel dosim-

eter was confirmed. In future, the sensitivity improvement and thickness reduction of this gel dosimeter will be studied.

Keywords: BNCT, Radiochromic gel dosimeter, PVA-GTA-I, Component discrimination, 2D estimation
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Purpose: The purpose of this study is to evaluate the dosimetric quality for Leksell Gamma Knife Icon (LGKI) (Electa In-

strument AB, Stockholm, Sweden) using the proposed 3D scanning dosimeter, namely as Mobile Prosper Probe (MPP).

Methods: The MPP in which 10×10 cm2 terbium-doped gadolinium oxysulfide (Gd2O2S: Tb, Fujifilm Corp., Japan) phos-

phor screen has placed at the endcap of a cylindrical phantom, can move along the cylinder axis. Therefore, we can obtain 

3D images by stacking the acquired images as the probe moves ±30 mm in the cylinder axis by 0.2 mm slice interval. For 

LGKI, three different sized collimations (4 mm, 8 mm, and 16 mm) and blocking setup are available and individually con-

trolled for eight sectors. Each sector contains 24 sources so that 192 60Co sources are arranged in a cylindrical configura-

tion. Therefore, we could 3-dimensionally evaluate the dosimetric quality by comparing the measurements under every 

collimation setup of each sector and the corresponding calculated doses from the Leksell Gamma Planing system. In ad-

dition, we referenced the correlation between the film optical density and absorbed dose to determine the absorbed dose 

from the CCD response directly.

Results: After measuring and calculating the plan data into the same Leksell coordinate, dose profiles, isodose lines and 

gamma passing rates were compared. The measurement summation for each sector was almost identical to the measure-

ment for all sectors. Moreover, the comparison result between measurement for sectors and calculation in Leksell Gamma 

Plan showed a similar level of difference.

Conclusions: In general, 60Co sources of LGKI are replaced every five years to keep the dose rate. Then, it is necessary to 

verify the dosimetric quality individually since the activities and locations of all sources may not be ideal. However, it would 

be tough for each source’s dosimetric quality to be evaluated with film every time. Therefore, the evaluation method using 

the proposed 3D scanning device is confirmed to be helpful for dose verification of LGKI with the convenience and accu-

racy of measurement.

Keywords: Gamma knife, Icon, 3D, QA, Dosimetry
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Purpose: The on-line and real-time estimation method for the spatial distribution of boron concentration is expected 

for the advancement in dose estimation for BNCT. The information about the boron concentration distribution can be ob-

tained by the prompt gamma-ray analysis (PGA) for the 478-keV prompt gamma rays generated due to the nuclear reaction 

of boron-10 (B-10) with thermal neutrons using the improved gamma-ray telescope system at BNCT Irradiation Facility of 

Kyoto University Reactor. This system is composed of an HPGe semiconductor detector and a collimation system including 

two lead collimators. The experimental verification was performed for the discrimination-ability between tumor and nor-

mal parts.

Methods: A liquid rectangular phantom of 20 cm×20 cm×40 cm was prepared. An acrylic hollow sphere of 5 cm in outer 

diameter, which was filled with boric acid of 193 ppm for B-10 concentration, was placed as a tumor part in the phantom. 

The phantom liquid was pure water or boric-acid water of 23 ppm for B-10 concentration. The initial position of the tumor-

sphere center was settled to be the center for the telescope-view-field on the beam axis, and it was moved from 0 to 6 cm in 

the right direction for the view from the beam-aperture side. The prompt gamma rays for B-10 and hydrogen (H-1) from the 

tumor part and its surroundings were counted.

Results: It was confirmed that the count ratio for B-10 gamma rays to H-1 gamma rays (B/H ratio) was larger as the posi-

tion of the tumor-sphere center was closer to the beam axis, namely as it was closer to the center of the effective telescope-

view-field. It was also confirmed that the B/H ratio was larger for the boron-acid water phantom than for the pure water 

phantom.

Conclusions: The B-10 concentration ratio for the tumor sphere to the boron-acid water phantom was 8.4 in this experi-

ment. For such a level of the concentration ratio, the discrimination between tumor and normal parts can be expected by 

comparing the count ratio between the cases with and without the tumor part in the telescope view-field.

Keywords: BNCT, Gamma-ray telescope, Prompt gamma-ray analysis, Boron-10 concentration, On-line and real-time 

estimation
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Purpose: Field output factors of the 4 and 8 mm collimator of Gamma Knife (GK) model Icon were measured using self-

developed scintillation detectors, which were designed so the volume averaging correction factors (VACF) could be calcu-

lated arithmetically.

Methods: Detectors to measure absorbed dose rates of small field beams were manufactured by 3D printing using self-

developed scintillating plastic resin. An isodose-shaped scintillation (ISS) detector was built to the same shape and size as 

the specific isodose surface of the 4 mm collimator. The ratio of the absorbed dose to a central voxel to an ISS was defined 

as the VACF. Five scintillators were produced in the ISS-1 type (97.2%), and five were in ISS-2 (95.6%). The VACF was cal-

culated using the treatment planning software (LGP: Leksell Gamma Plan). An ISS was connected to an optical fiber, trans-

mitting lights to a photomultiplier tube. The Cherenkov lights from the fiber were excluded by subtracting the output from 

a dummy detector. The absorbed doses to ten ISS detectors were measured at the center of a solid water phantom in the 4, 

8, and 16 mm collimators of a GK Icon. Effect of the material density of an ISS and the phantom were obtained by Monte 

Carlo simulations. Output factors were also measured at five GK sites with an ISS-1, an ISS-2, and a PTW TM60019 micro-

diamond detector to assess the system’s stability. 

Results: The detector output ratios before any correction, after volume averaging correction, and including the density 

correction are given in Table 1. The 8 mm output factor coincided with the LGP value (0.900) within the experimental error. 

The 4 mm output factor was slightly higher than the LGP value (0.814), and it was similar to the values reported in recent 

studies. The ratio of the ISS output factors to PTW TM60019 was very stable, with variations less than 0.20%.

Conclusions: It was possible to precisely measure the output factors of GK small fields using self-developed isodose-

shaped scintillation detectors. The system provided consistent results comparable to a commercial detector.

Keywords: Field output factor, Small field, Volume averaging effect, Scintillation, Isodose-shaped
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Purpose: The aim of this research is to precisely estimate electron backscattering from an internal shielding layer. In ra-

diotherapy, increased dose due to backscattered electrons generated from the shielding material can have a prominent im-

pact on normal tissues while using electron beams. To date, Monte Carlo (MC) simulations and measurements from radio-

chromic films are the most common methods to measure electron backscattering. However, radiochromic film dosimetry 

has a relatively high uncertainty compared to ionization chambers, diodes, and diamond detectors. In this study, electron 

backscattering was determined by the microDiamond detector (PTW 60019), which has high spatial resolution and a good 

signal-to-noise ratio. Previous studies have used regression equations to evaluate electron backscatter in Siemens linacs; 

however, it remains unclear whether this method could be applied to other linacs. Therefore, we compared our findings 

with the results of the regression equations.

Methods: Measurements were performed using 6 MeV and 9 MeV electrons beams from the Varian TrueBeam linear ac-

celerator. Based on the clinical situation, a lead internal shielding is placed at a depth of 80% of the maximum dose (R80) . 

The MC simulation was performed with similar measurement geometry. The electron backscatter factor (EBF) and electron 

backscatter intensity (EBI) were then calculated from the measured and calculated PDDs as an index to evaluate electron 

backscatter.

Results: Our results revealed a disagreement between the EBF determined from our measurements and the EBF from the 

MC simulation. For the EBI, both measured and calculated values were consistent was insistent with the calculation results 

within 2.5% at 6 MeV and 1.6% at 9 MeV. Consequently, it is suggested that regression equations may underestimate the 

precision and validity of electron backscatter measurements.

Conclusions: The microDiamond detector can evaluate electron backscatter with higher accuracy compared to the ra-

diochromic films. Measurements should be performed for each manufacturer’s linac to accurately and appropriately evalu-

ate electron backscatter.

Keywords: Electron radiotherapy, Internal shielding
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Fig. 1. Relative upstream electron backscatter from the lead shielding interface for (a) 6 MeV and (b) 9 MeV electron beams.
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Purpose: In this study we investigate feasibility of a 2D plastic scintillation detector system for performing quality assur-

ance (QA) measurements in pencil beam scanning (PBS) proton beam. 

Methods: The 2D plastic scintillation detector system consists of a plastic scintillation plate coupled with a camera in a 

compact dark. This system is placed on the isocenter through the holder that can measure at various angles. Spot size, spot 

position, field symmetry, and field flatness of PBS beams are measured at multiple gantry angles. The three beam energies 

(i.e., 110, 150, and 190 MeV) were used for measurement. Spot size of single spots, flatness, and symmetry of scanned fields 

compared with EBT3 films.

Results: The spot sizes measured over a range of gantry angles were within a ±10% from baseline, representing the toler-

ance in spot size accuracy for monthly QA. The spot position measured was within ±2 mm, which represented the toler-

ance in absolute spot position accuracy daily QA. Field flatness was within ±2%, and field symmetry was within ±1%, which 

represented the tolerance in monthly QA. The results in terms of spot size, field flatness, and field symmetry of 2D plastic 

scintillation detector system are consistent with EBT3 film.

Conclusions: This study investigated feasibility of a 2D plastic scintillation detector system for performing QA measure-

ments in PBS proton beam. This system can be effective equipment for performing QA of the spot size, spot position, field 

flatness, and field symmetry with the easy setup, fast data analysis, comparable spatial resolution, and cost-effective man-

ner.

Acknowledgments: This work was supported by the National Research Foundation of Korea(NRF) grant funded by the 

Korea government(MSIT) (NRF-2019R1F1A1063910, NRF-2021R1F1A1063383).
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Purpose: To investigate the mechanism of RF burn injury accidents in MRI, we simulated a reported RF burn injury oc-

curred at the contact of calves by using the computable human phantom and mapped the specific absorption rate (SAR) 

and temperature rise with the maximum permissible RF exposure. We also clarified how SAR changes by a gap between 

calves.

Methods: The reported RF burn injury occurred at the contact of calves in a 1.5T MRI was modeled (calf-contact model) 

with the simulation software Sim4Life. A birdcage model was employed for an RF transmission coil, and the amplitude 

of transmission magnetic field was set at 1 μT to map SAR for 10 g of tissue (SAR10 g). To investigate how the position of a 

patient in an MRI scanner affects the maximal SAR10 g, the model was shifted up to 700 mm caudally along the direction of 

the static magnetic field from the contact point at the center of the RF transmission coil (0 mm). The same simulation for 

a model with a 2-mm gap between calves was also performed (gap model). Additionally, the worst-case temperature rise 

during the 15-min RF exposure were simulated for calf-contact model with the maximum permissible RF exposure at the 

shift distance with the highest SAR10 g.

Results: The maximal SAR10 g varied with the shift distance and peaked at 140 mm for the calf-contact model, while that 

almost stayed constant for the gap model (Fig. 1). The temperature rose to 60°C after 1 min RF exposure and reached 92°C 

at 15 min (Fig. 2).

Conclusions: The simulated temperature rise was enough to cause burn injuries even after 1 min exposure indicating 

that the RF burn injury case was successfully simulated. A dramatic reduction of SAR by a 2-mm gap shows that avoiding 

contact would mitigate the risk of RF burn. Although the area of the assumed loop formed by the calve contact, legs and 

pelvic part in an RF transmission coil is largest at the shift distance 280 mm, the SAR10 g peaked at 140 mm. The influence of 

the loop formation would be analyzed quantitatively.

Keywords: MR safety, RF burn, Numerical simulation
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Fig. 1. Maximal SAR10g versus shift distance (a) for the calf-contact model (black points) and gap model (crosses), the human body 
position of the highest SAR of contact model (140 mm downward from the center (white dot line)) (b). Black dot lines represent an RF 
transmission coil.

Fig. 2. Temperature increased during 15-min under RF 
exposure of 2 W/kg averaged whole body SAR.



S95

Oral Session

Purpose: The objective of this study is to manufacture the small phantoms with each different condition using various 

3D printing, commercial materials and in-house made materials and analyze the characteristics of each phantoms manu-

facture in different condition for the density, the electron density and the effect of high energy photon beam etc.

Methods: In this study, the used 3D printer was Radised 3D pro2 plus model for manufacturing the phantoms using 

Fused Filament Fabrication (FFF). 3D printing filament material such as PolyLacticAcid (PLA), Another PLA, Acrylonitrile 

Butadiene Styrene (ABS) and Thermoplastic polyurethane (TPU) with density of range between 1.04 and 1.24 have been 

used. For a high-density material, a filament made from a mixture of metal powder was used. The Phantoms were manu-

factured as cylindrical phantoms with a diameter of 3 cm, and the object was differently printed of infill density with 10%, 

30%, 50%, 70%, 90% and 100%. Also, in order to compare the difference with the infill pattern in the object, the 5 phantoms 

were printed using five different patterns. Electron density was compared using an HU-to-electron density phantom CIRS 

with materials printed with a 3D printer. For an analysis of the radiation effect of the printed material, a 6 MV energy linear 

accelerator was used and the Gafchromic EBT3 film was used to measure the uniformity for each thickness.

Results: As a result of comparing the HU value of the material provided by the Commercial Phantom and the material 

produced by 3D printing, there was a difference of 5% for HU of fat, liver and breast materials and 10% for HU of lung ma-

terial compared to the commercial Phantom material. For bone density, the phantom made by mixture of copper powder 

and PLA at a ratio of 1:9 showed the similar HU compared with CIRS insert phantom, and the value difference was less than 

3. Using a 6MV photon beam in a linear accelerator to measure the radiation distribution for the infill of each material at 1 

cm intervals, the difference in gamma values was distributed within 1%.

Conclusions: In this study, we found the 3D material and proper mixture ratio of filaments suitable for producing the 

patient-specific phantom of printing with a 3D printer, as the characteristics of each phantom were analyzed. In the future, 

based on the results of this study, patient-specific 3D phantom are expected to be manufactured using 3D materials with 

similar density for patient’s organs.

Keywords: Hounsfield unit (HU), Computed tomography (CT), Tissue and bone - equivalent materials, Film
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Purpose: Ion therapy involves the conversion of computed tomography (CT) number into a stopping power ratio (SPR) 

relative to water. The purpose of this study was to create a CT number-to-SPR calibration table using a stoichiometric CT 

number calibration method with a three-parameter fit model/method for ion therapy.

Methods: We inserted six materials—namely, air, ethanol, water, 40% K₂HPO₄ solution, tough lung, and tough bone—

into a CT number calibration phantom. The phantom was scanned with six CT scanners at five radiotherapy institutes, and 

the scan conditions were same as those of the treatment planning CT scan. The CT number-to-SPR calibration table with 

the three-parameter fit was created by using CT numbers of tough lung and tough bone, whereas that with conventional 

method was created by using CT numbers of air, ethanol, water, and 40% K₂HPO₄ solution. The CT number-to-SPR calibra-

tion tables was compared for three tissue types: lung, adipose/muscle, and cartilage/spongy bone. We validated the esti-

mated SPR differences in a worst-case scenario and the sum of all the cases.

Results: For the worst-case scenario, only the theoretical CT number obtained using the three-parameter fit method was 

consistent with the measured CT number for air. The estimated SPR difference for lung tissue was estimated to be 3.3% for 

the conventional methods. For the sum of all cases, the mean±standard deviations (SDs) of the estimated SPR difference 

were −1.1±1.6%, 0.3±0.2%, and 0.0±0.3% for the lung, adipose/muscle, and cartilage/spongy bone, respectively. Therefore, 

we considered the worst-case scenario as rare because the estimated SPR difference was larger than mean+2SD value (2.1%).

Conclusions: The CT number-to-SPR calibration table with the three-parameter fit method decreased the calibration 

error for low-density tissues, even for the worst-case scenario. In this study, we discovered a rare case by using CT images 

with multiple CT scanners.

Keywords: Treatment planning, CT number calibration, Stoichiometric method, Quality assurance
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Purpose: MRIdian (Viewray) integrates an MRI system and a radiotherapy system. This system offers gated radiotherapy 

system by using Cine-MRI, allowing precisely dose delivery to the tumor with reducing impact by intra-fractional variations 

such as respiratory. However, it is still unclear how the dose distribution change by different tumor’s motions. Therefore, 

our aim is to measure dose distribution with different tumor motions using MR-compatible motion phantom. 

Methods: To investigate dose distribution for gated radiotherapy, a phantom available for a magnetic field and gated 

radiotherapy was developed. This phantom can hold a simulated target mimicking tumor and a radiochromic film (EBT3, 

Ashland). Two types of target motion were applied; One is that the pause time of the target at beam-on was 0, 1, 3, 10, and 

20 s, and the velocity of the target remains constant. In this case, the number of switching beams varies with the pause time. 

The other is that the pause time of target is 0 s at beam-on (i.e. non-stopped) while the velocity of the target was changed at 

3, 5, 8, and 10 mm/s. To investigate the relationship between target motions and dose distribution in gated radiotherapy, a 

gamma index comparison between the measured dose distributions and the calculated dose distribution was performed 

with a criterion of 3%/1 mm. 

Results: Gamma pass rate at each of pause time, 0, 1, 3, 10, 20 s, was 42.2%, 62.7%, 91.2%, 91.2%, and 96.6% respectively. 

Moreover, gamma pass rate at each of velocity, 3, 5, 8, 10 mm/s, was 46.3%, 42.2%, 29.0%, and 25.1% respectively. The find-

ing is that linearity between gamma pass rate and the number of switching beams was observed (Pearson correlation coef-

ficient (r) was −0.98) and the velocity (r was −0.99).

Conclusions: Dose distributions changed due to the tumor’s motions were investigated using MR-compatible motion 

phantom. Gamma pass rate decrease with the increasing number of switching beam and velocity of the tumor motion.

Keywords: MR-guided, Gated-radiotherapy
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Fig. 1. The relation of the number of switching beam (counted at 1 as 
both switching beams hold and on) and gamma pass rate referenced 
to treatment planning was shown. Pearson correlation coefficient (r) 
between the number of switching beam and gamma pass rate was 
calculated. Dose difference (DD) and distance to agreement (DTA) 
passed criteria of gamma analysis was 3%/1 mm. Region of dose 
distributions under 10% of max dose was not concerned in gamma 
analysis. Error bar is standard error.

Fig. 2. The relation of velocities and gamma pass rate referenced 
treatment planning was shown in this figure. Dose difference 
(DD) and distance to agreement (DTA) passed criteria of gamma 
analysis was 3%/1 mm. Region of dose distributions under 10% 
of max dose was not concerned in gamma analysis. Error bar is 
standard error.
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Purpose: The superficial dose is an essential parameter for the patient treated near the skin region with radiation. The 

Halcyon is a newly developed machine with a jawless and dual-layer MLC from Varian, which offers a single 6 MV flatten-

ing-filter-free (FFF) X-ray beams. These characteristics of Halcyon makes 10% increased surface dose rather than other c-

arm type LINAC with 6 MV filtered beams. This study aims to investigate a superficial dose reduction with lead foil in the 

Halcyon.

Methods: The 1 mm of lead foil was attached below the bore to make a beam hardening and reducing head scattered 

electrons. The superficial dose was evaluated with film dosimetry on water equivalent phantom, and the beam quality was 

evaluated with percentage depth dose on 3D water phantom. Plan comparison of each case was performed with the Acuros 

XB algorithm (Eclipse 15.6). 

Results: The PDD measurement result shows a Dmax was in good agreement with and without lead foil at 1.24 cm depth, 

and a beam quality factor (kQ) was well-matched with 0.9975 and 1.0006. Furthermore, the film measurement result shows 

a 4% lower superficial dose with lead foil case. Regarding plan dose calculation and phantom measurement, the superficial 

dose was reduced 5 to 10% as attachment of 1 mm lead foil on Halcyon bore. 

Conclusions: The plan calculation and phantom measurement result show the superficial dose could be reduced with a 

hardened photon beam with lead foil attachment to Halcyon.

Keywords: Halcyon, Superficial dose

Copyright ©  2021 Korean Society of Medical Physics

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

O-7-03

Superficial Dose Reduction Technique with Lead Foil in 
the HalcyonTM: A Feasibility Study

Sung-woo Kim1, Uiseob Lee1, Hyun Cheol Lee1, Jun-Bong Shin1, Seung Mo Hong1, Youngmoon Goh1,  
Min-Jae Park1, KyoungJun Yoon1, Siyeol Song2, Chiyoung Jeong1, Byungchul Cho2, Jungwon Kwak1

1Department of Radiation Oncology, Asan Medical Center, Seoul, Korea 
2Department of Radiation Oncology, University of Ulsan College of Medicine, Seoul, Korea



S100

Oral Session

Purpose: Carbon-ions give a high dose at the end of range, called Bragg-peak and have higher biological effect than pho-

ton beams. In Osaka-HIMAK, VQAplan (Hitachi, Ltd.) is used as treatment planning system and the original NIRS calcula-

tion method (Kanai model) is adopted to calculate clinical dose. Intensity modulated particle therapy (IMPT) with carbon-

ions has developed to deliver enough dose to tumors with proximity to organs at risk (OAR). On the other hand, particle 

beams are sensitive to range errors unlike the photon beams. Therefore, a robust optimization method for IMPT based on 

worst case scenarios is installed in VQAplan and it is the first time to calculate clinical dose by Kanai model in IMPT. To 

apply IMPT to clinical settings, several clinical commissioning needs to be performed. However, it is difficult to prove the 

correctness of calculation only by physical dose distribution. In this study, we aimed to validate clinical dose calculation 

results by biological experiments in vitro.

Methods: First, a treatment plan was created for a cylindrical target with an OAR region in a cubic water phantom. For 3 

beam arrangements, the dose distributions incorporating 14 error scenarios were computed. The prescribed dose was 588 

cGyE, giving 10% of cell survival fraction. Then, the corresponding treatment plan was irradiation to the cell flasks inside 

the water phantom, 4 of which were set within the target region and 1 within the OAR region, respectively. 

Results: The measured and calculated physical doses agreed within 3% difference for the flask position in the target area 

and within 5% difference in the OAR region, respectively. The first result of this plan was favorable. Survival fractions of 

cells within the target region were around 20%. The first result of this plan was favorable. These results were comparable 

with the ones obtained by the treatment plans created by Single Field Uniform Dose (SFUD) optimization.

Conclusions: We are analyzing verification results and will give presentation about our experimental results at meeting.

Keywords: Intensity modulated particle therapy
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Fig. 2. Five cell flasks installed in the water phantom. The flasks located at center in the water 
phantom were set within the OAR region. Other 4 flasks were set within the target region.

Fig. 1. A schematic diagram of treatment plan for IMPT. A water phantom has a 
cylindrical target with a diameter of 10 cm (blue circle), and a cylindrical OAR region 
with 2.5 cm diameter (red circle). The isocenter was set at point shifted 2.6 cm from the 
center of this phantom.
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Fig. 3. Survival fractions of cells. Those within the target region were 
around 20% (1–4) and that within the OAR region was higher than 
others (5).
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Purpose: A proton linear accelerator-based neutron source for Boron Neutron Capture Therapy is being developed and 

installed at DawonMedax, in the Republic of Korea. The fast neutrons which produced by 9Be(p,n)9B reactions with 10 

MeV protons to the beryllium target are passed through the beam shaping assembly to produce epi-thermal (0.5 eV to 10 

keV) dominant neutron energy spectrum. The epi-thermal neutron beam is irradiated from the beam port with gamma rays 

generated during this process. This study was intended to measure the thermal neutron flux and the gamma ray dose rate 

in depth in a water phantom, and to compare the calculated values by Monte-Carlo code. The physical dose evaluation in a 

water phantom will need to be considered as a basic procedure for BNCT dosimetry.

Methods: The bare and cadmium covered gold activation techniques were employed to measure the distribution of ther-

mal neutron flux in a water phantom, and an ion chamber (IC-18G, Far West, USA) was used to measure gamma rays. Using 

MCNP6.2, we calculated the thermal neutron flux and gamma dose rate by depth in a water phantom and derived relative 

errors of the calculation and the measurement.

Results: We measured thermal neutron flux and gamma dose along the beam axis. The simulation and experimental re-

sults shows build-up region to the 2 cm, the maximum dose position was a depth of 2.0 to 2.5 cm for both radiation compo-

nents. And after the peak point, both doses decreased to the end of the phantom. The derived relative error between MCNP 

result and the measured data was less than 5% for peak dose position of each measurements.

Conclusions: The result show that the physical dose measurement in water phantom can be a basis for BNCT dosimetry. 

Based on this study, we will conduct further research on more convenient clinical dosimetry methods.

Keywords: BNCT, Dosimetry, Neutron measurement, Monte-Carlo
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Purpose: Stereotactic radiotherapy (SRT) has the potential for serious errors in planning and delivery due to the high 

doses used. Routine pretreatment verification procedures are designed to minimize errors before the actual treatment 

begins. The ICRU Report No. 83 proposed that during pretreatment verification procedures, independent absorbed-dose 

calculations should be used to crosscheck the treatment planning system (TPS) with a dose calculation algorithm that is 

equivalent to or better than the TPS. Recently, a commercial independent dose verification software (SciMoCa, IBA Dosim-

etry, DE) based on the Monte Carlo (MC) method has become available, but its use in the management of brain metastases 

using the CyberKnife (CK, Accuray, Sunnyvale, CA) system has not been assessed. The study aimed to evaluate the varia-

tions in dose distribution between SciMoCa and TPS in patients with brain metastases.

Methods: Two hundred SRT with CK plans for brain metastases were recomputed using SciMoCa (150 plans with radia-

tion alone and 50 plans following surgery). These plans were generated using the Ray Tracing algorithm from MultiPlan 

(Accuray, Sunnyvale, CA). The median prescription dose was 41.5 Gy in five fractions with 60% prescription isodose line. 

The dose distributions of SciMoCa and TPS were compared with gamma analysis (criteria, 3%/1 mm; threshold, 10%), 

D95% of planning target volume (PTV), and dose constraint of normal brain tissues (e.g., V28.8 Gy).

Results: The mean and standard deviation of the gamma pass rate (GPR) for all plans was 98.3±2.4％. However, there 

were four plans with a GPR <90%. The D95% of the PTV calculated by TPS was 2% higher on average than that calculated by 

SciMoCa. The difference in dose constraint of normal brain tissues between TPS and SciMoCa was small.

Conclusions: Overall, the dose distributions of SciMoCa and TPS were in good agreement in most cases, but differences 

were observed in some cases. While SciMoCa uses the MC algorithm, TPS uses the Ray Tracing algorithm, which may cause 

differences in dense regions such as bone. Future studies should evaluate whether the differences between the calculated 

values of SciMoCa and TPS correlate with the measured quality assurance results.

Keywords: Independent dose calculation, Monte Carlo, Pre-teatment verification, Stereotactic radiotherapy, Brain me-

tastases
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Purpose: Recently, dose delivery technique in the brachytherapy has been significantly improved as leading better clini-

cal outcomes. However, as modern technique, which is complex but produces better patient dose distribution, importance 

of accurate patient dose verification is grown. The aim of this study is to propose the concept of an integrated cone-beam 

CT and SPECT imaging system based on C-arm device and to evaluate its feasibility in patient dose verification for the 

brachytherapy.

Methods: Geant4 Monte Carlo tool-kit was used to simulate the application of the C-arm CT/SPECT system that em-

ployed in brachytherapy case used 60Co radionuclide implanted in a simple pelvc phantom. The system was modeled as 

including two-dimension imaging detector that was based on the geometrical characteristics of the X-ray flat panel detec-

tor combined in Toshiba Clearscope SXT-9000A. Parallel-hole tungsten (P=19.3 g/cm3) collimator, which was attached in 

front of the detector, was also modeled with 50 mm thickness, 1 mm hole width, and 1 mm septal thickness. As assuming 

the source movement in an applicator inserted near the cervix, 60Co source (2×107 g-rays) was modeled to have cylindri-

cal shape with 3.5 mm diameter and 30 mm length. The pelvis-like phantom includes the geometry of the muscle, pelvis, 

femur, and bladder.

Results: The cone-beam CT image obtained with 110 kVp X-ray quality was capable of discriminating the muscle, pelvis, 

femur, and bladder as well as the applicator, which enables the adaptive treatment planning. Furthermore, even the source 

activity was 4,000 times lower than the international specification of the initial activity of 60Co source for brachytherapy, 

the SPECT image for high energy g-rays was successfully obtained with the thin-layered flat panel detector. When we 

compared the dose distribution near the cervix delivered by cylindrical 60Co source and the SPECT image, they showed a 

similar distribution at a similar position in the phantom, within 3 mm difference in full-width at half maximum of the peak 

distribution (high-dose region). 

Conclusions: In this study, we confirmed the availability of the integrated C-arm CT/SPECT system for the image-guided 

brachytherapy, adaptive treatment planning, the patient dose verification.

Keywords: Brachytherapy, Dose verification, Cone-beam computed tomography, Single photon emission tomography, 

Monte Carlo simulation
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Purpose: Respiratory motion may cause interplay effects that influence the dose distribution when using dynamic treat-

ment techniques such as intensity-modulated radiotherapy (IMRT). The purpose of this study is to evaluate the dosimetric 

impact of the interplay effect in stomach IMRT using the 4D-XCAT phantom.

Methods: 4D imaging data were created using XCAT where the respiratory cycle was divided into 10 phases. The stomach 

position of each phase was obtained from the centroid of the stomach contoured on corresponding phase images of the 

4DCT. The combined volume of the stomach in ten phases was defined as the ITV. The PTV was created by adding 5 mm to 

the ITV. An IMRT plan was created with TPS Pinnacle3 using the average CT. The impact of organ motion on the dose dis-

tribution was simulated by shifting the isocenter on the TPS. Several simulations were performed to evaluate the influence 

of respiratory parameters on the dose distribution. The homogeneity index (HI), volume percentage of stomach covered by 

the prescribed dose (Vp), and D99 of the target were evaluated.

Results: The stomach amplitude motion obtained by XCAT was compared with stomach motion reported by Uchinami 

et al.[1], where stomach motion was estimated by using 4DCT images of ten patients as shown in Fig. 1. The motion was 

similar to the stomach motion reported by Uchinami et al. in the case where respiratory amplitude 1 cm was assumed. The 

result of the simulation is shown in Fig. 2 where a respiratory period of 4 s was assumed. The results show the influence of 

the interplay effect and were comparable to previous reports.

Conclusions: We have shown that the 4D-XCAT system is able to create 4DCT images where the stomach motion is simi-

lar to the clinically obtained motion and is useful to investigate the dosimetric change influenced by respiration motion.

Keywords: Stomach IMRT, Interplay effects, Organ motion
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Fig. 1. (left-hand) Stomach motion in SI direction. (right-hand): Homogeneity index (HI) in simulation plans and previous results.F3D is 
IMRT plan without respiratory motion and S4D-0, 25, 50, and 75% indicate S4D (simple 4D) simulations where the beam delivery starts at 
0, 25, 50, or 75% in the respiratory phase.
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Purpose: As the use of treatment techniques such as intensity-modulated radiation therapy (IMRT) and volumetric arc 

therapy (VMAT) is rapidly increasing, regulatory agencies are increasingly interested in it. However, since the previously 

used shielding evaluation index has been maintained so far, it needs to be changed according to the current trend. This is 

because existing shielding assessments do not take into account changes in current treatment techniques related to IMRT 

factors. In this study, we intended to develop a shielding evaluation and patient count management program by utilizing 

information on beams used for actual patients.

Methods: The MATLAB app designer program was used to develop a GUI-based program for shielding evaluation. In 

this study, the MU was obtained by analyzing the DICOM-RT file using by MATLAB app designer for patient treatment at 

Jeju National University Hospital, and using this, the IMRT factor and the workload for the leaked dose were calculated. 

The shielding calculation was calculated based on the NCRP-151 report and the dose for each place behind the barrier was 

evaluated.

Results: As a result of analyzing the DICOM file, the IMRT factor was 2.67, which was smaller than 5 used in the safety 

management report. As a result of the shielding evaluation, the doses in 5 places behind the barrier (corridor, upstairs con-

ference room, downstairs kitchen, machine room and 2nd linear accelerator room) were 4.2E-06, 4.2E-06, 1.5E-06, 2.8E-07 

and 7.4E-07 mSv/week was calculated to be less than 1% of the dose limit in all places.

Conclusions: The shielding evaluation program developed in this study enables realistic shielding evaluation consider-

ing energy, treatment techniques, patient prescription dose and MU through actual patient data, and is designed for conve-

nient use by users to perform shielding evaluation with simple operation.

Keywords: Radiation shielding, MU, IMRT factor, Workload, Dose limit
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Purpose: Conventional and functional dosimetric parameters have been used to predict the development of radiation 

pneumonitis (RP) (e.g., V20 and fV20). Recently, machine learning has been aggressively researched in the radiotherapy 

community. This technique has the great potential for improving the prediction model for RP. In this study, we evaluated 

the accuracy of machine learning based prediction model for NSCLC patients.

Methods: 149 NSCLC patients (stage I: 42, stage II: 11, stage III: 44, stage IV: 8, and unknown: 44) who were treated with 

radiotherapy were enrolled. The number of patients who were treated using conventional and stereotactic radiotherapy 

were 85 and 64, respectively.12 dosimetric parameters (lung V5, V10, V20, V30, V40, MLD, fV5, fV10, fV20, fV30, fV40 and 

fMLD) with equivalent dose in 2 Gy fractions (EQD2) and 4 clinical factors were used for input data for the prediction mod-

el.6 Lung function-based dosimetric parameters were calculated using the CT ventilation images which were obtained from 

4DCT maximal exhalation and inhalation images using deformable registration and Hounsfield unit-based calculation. For 

the multivariate analysis, random forest (R package) was used to construct the machine-learning model. All data were split 

into two sets: 80% for technical, and 20% for clinical validation (repeated 100 times). Gini coefficient was used to calculate 

the feature importance of the random forest. Our model predicted the risk of Grade 2+ RP. Incidence of pneumonitis was 

evaluated by CTCAE version 4.0, with an incidence rate of 19%.

Results: In univariate analysis, technical validation showed the highest AUC of 0.73 (range : 0.49–0.73) for fV10, and clini-

cal validation showed the highest AUC of 0.72 (range : 0.49–0.72) for fV5.In multivariate analysis, the AUC was 0.73 (technical 

validation) and 0.74 (clinical validation), with multivariate analysis showing higher AUC than univariate analysis.The top 

5 important characteristics were Lung V5, V10, fV5, fV10, and age. 2 functional dosimetric parameters (fV5, fV10) were se-

lected among the top 5. Therefore dosimetric parameters using lung ventilation imaging may be useful in predicting RP.

Conclusions: Machine learning based prediction model may improve the accuracy of predicting RP in NSCLC patients.

Keywords: Radiation therapy, Machine learning, Lung cancer, Radiation pneumonitis, Ventilation
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Fig. 1. Workflow of this study.
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Purpose: We expected that previously unnoticed or unrevealed characteristics of the data could be revealed with organi-

zation and visualization of 1D gene expression vector according to certain functional hierarchy. With this perspective, 1D 

gene expression vector was organized according to biological function and visualized into a 2D image, gene groups with 

large difference in gene expression level according to the radiosensitivity of the cells were investigated.

Methods: RNA sequencing gene expression for 1,019 tumor cell lines was acquired from cancer cell line encyclopedia, 

containing 54,675 genes. This gene expression was organized according to KEGG BRITE functional hierarchy. The orga-

nized gene expression was visualized onto 178 squared size 2D image. As an indicator of intrinsic radiosensitivity, area 

under curve (AUC) value of high-throughput survival profiling was used, which showed close approximation to clonogenic 

cell survival (Pearson’s r=0.89 with the average of two experiment). The upper and lower 25% of the AUC value were classi-

fied as 1 (radioresistant) and 0 (radiosensitive), respectively. Subtracted gene image showed in figure (average of radiore-

sistant group – average of radiosensitive group) were compared through ANOVA to identify the gene group with high differ-

ence.

Results: KEGG BRITE gene groups named 03109: mRNA biogenesis, 03036: Chromosome, 03041: Spliceosome, 03009: 

Ribosome biogenesis, 03016: tRNA biogenesis, 03032: DNA replication, 03011: Ribosome and 03021: Transcription machin-

ery (P<0.0001), 03400: DNA repair and recombination (P<0.001), 04121: Ubiquitin system, 03012: Translation factors and 

03029: Mitochondrial biogenesis (P<0.01), 01007: Amino acid and 03000: Transcription factors (P<0.05) represented rela-

tively high expression in radiosensitive tumor cell lines. On the other hand, groups named 04131: Membrane trafficking, 

04147: Exosome, 02000: Transporters and 04090: CD molecules (P<0.0001), 01003: Glycosyltransferases (P<0.01), 01004: 

Lipid biosynthesis enzymes and 00537: GPI-anchored proteins (P<0.05) represented high expression in radioresistant tu-

mor cell lines.

Conclusions: In this study, we organized and visualized 1D gene expression vector onto 2D gene image, and tried to in-

vestigate gene group with large expression difference in radiosensitive and radioresistant groups. With further study, this 

finding could be augmented with additional radiobiological validation of the gene group.

Keywords: Radiosensitivity, Gene expression, Gene image, Data organization, Data visualization
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Fig. 1. Gene image of average difference between radioresistant and radiosensitive gene group. This image was created by subtracting 
average gene image of radiosensitive group from average gene image of radioresistant group. As shown in color bar, genes matched with 
red pixels showed large expression in radioresistant tumor cell lines and blue pixels showed large expression in radiosensitive tumor cell 
lines.
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Purpose: The finite element method (FEM) is a promising method to calculate the biomechanical parameters of human 

organs by performing stress analysis. However, it has not been demonstrated whether the elasticity distribution calculated 

by FEM is comparable to elastography for diagnosing the regional progression of liver fibrosis. To assess its performance in 

evaluating the distribution of liver fibrosis, the liver elasticity map constructed using FEM and magnetic resonance elastog-

raphy (MRE) were compared.

Methods: Fourteen patients who underwent magnetic resonance imaging (MRI) and MRE were enrolled in this study. 

The axial T1-weighted MR images were acquired at shallow inspiration and expiration breath-hold. The displacement vec-

tor field (DVF) between T1-weighted MR images at the inspiration and expiration were calculated using deformable image 

registration. Elasticity maps were constructed using FEM and DVF. The whole and regional liver (right and left lobe of liver) 

elasticity estimated using elasticity maps were compared with that obtained from MRE by assessing the Pearson’s correla-

tion coefficient. Further, to compare the voxel-level elasticity distribution between elasticity maps and MRE, the Spearman 

rank correlation and χ2 histogram were evaluated.

Results: The elasticity for the whole liver as estimated using elasticity maps was significantly correlated with the elasticity 

measured using MRE (r=0.92, P<0.001). Further, for the regional liver elasticity, the correlation coefficient between the elas-

ticity maps and MRE was 0.85 (P<0.001) for the right lobe of the liver and 0.82 (P<0.001) for the left lobe of the liver. For the 

voxel-level elasticity distribution between elasticity maps and MRE, moderate correlation was observed for Spearman rank 

correlation (0.57±0.09, P<0.001). Further, χ2 distances between the two histograms were small (0.06±0.04, P<0.001), indicat-

ing a good agreement in voxel-level elasticity distribution.

Conclusions: The elasticity for the whole liver, right lobe, and left lobe, as estimated using elasticity maps were strongly 

correlated with the elasticity measured using MRE. Therefore, elasticity maps have the potential to visualize the distribu-

tion of liver fibrosis using only T1-weighted images obtained with a common MR scanner without the need for any addi-

tional examination or special equipment for elastography.

Keywords: Liver fibrosis, Imaging biomarker, Finite element method, MR elastography
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Purpose: To investigate electrode array structures that maximize electric field intensity when transferred to regions of in-

terest (ROI) of different sizes, shapes and locations while minimizing side effects.

Methods: A human body phantom model was created from patient magnetic resonance imaging and divided into re-

gions including ROI and vital organs. The overall shape and area of the electrode array structure were determined based on 

the ROI’s approximate shape and the area in which the electric field intensity delivered to the ROI began to reach its maxi-

mum saturation critical area (SCA). Various electrode array structures were tested depending on the tumor location within 

the phantom. We adjusted the area ratio of the sum of the individual electrode areas to the total area of the electrode array 

structure based on the electric field intensity delivered to the ROI.

Results: When the conformal electrode array considered the shape of the ROI, the electric field intensity delivered to the 

ROI was 3.04 V/cm. We confirmed that the electric field intensity delivered to organs at risk (OAR) was significantly reduced 

from 2.91 V/cm to 2.08 V/cm. As the total area of the electrode array approached the SCA, the electric field intensity deliv-

ered to the ROI was saturated to 3.47 V/cm. As the area ratio of the sum of the individual electrode areas to the total area of 

the electrode array decreased, the electric field intensity delivered to the ROI decreased proportionately, with a therapeutic 

threshold value for tumor-treating field (TTF) therapy of 1 V/cm when the area ratio was approximately 30%. These results 

showed that the electric field intensity delivered to the tumor was maintained almost constant, and that the electric field in-

tensity delivered to OAR was reduced by approximately 71%, thus minimizing side effects while maintaining effective treat-

ment.

Conclusions: Our results suggest that customizing the electrode array structure to individual tumors can noticeably in-

crease the electric field intensity delivered to the ROI and prevent possible side effects to OAR. We conclude that custom-

ized TTF therapy may increase the effectiveness of traditional and less efficient treatments.

Keywords: Customized electrode array structure, Maximizing the effectiveness of tumor-treating field therapy, Minimizing or-

gans at risk
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Purpose: Compton cameras are promising radio-imaging devices that is expected to have various applications. We have 

been developing a Si/CdTe Compton camera for medical applications (to nuclear medicine and particle radiotherapy). In 

Compton imaging the data should be processed in a list-mode (event by event), and the size of analyzing data tends to be-

come large. Therefore, the Maximum Likelihood - Expectation Maximization method not only requires a long calculation 

time, but also may run out of memory. Thus, we confirmed the possibility of filtered back-projection methods which have 

been applied in nuclear medical imaging and evaluate the image quality.

Methods: Using Monte Carlo simulation with Gaent4, we obtained measuring data of a point source. Images were recon-

structed with simple back-projection method from the obtained data. The filters of a high-pass filter, Ram-Lak filter, and 

Shepp-Logan filter, which are used in the field of nuclear medicine. By changing the range and intensity of the filters, we 

evaluated the effect of the filters on the image quality.

Results: A few seconds of calculation improved the image quality by using the Shepp-Logan and Ram-Lak filters. And we 

were able to reduce the blur around the source. In addition, the Shepp-Logan filter suppressed the noise in the background 

region better than the Ram-Lak filter.

Conclusions: We confirmed that the filters used in nuclear medicine can be applied and the Shepp-Logan would be ef-

fective in Compton imaging.

Keywords: Compton imaging, Filtered back projection, Nuclear medicine
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Fig. 1. Detection principle of Compton camera.
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Fig. 2. Reconstructed images with (a) simple back projection and 
filtered back-projection with (b) high-pass filter, (c) Ram-Lak filter, 
and (d) Shepp-Logan filter.

Fig. 3. Profiles of the reconstructed images with the filtered back-
projection methods through the image center along the x-axis.

Fig. 4. Elliptic phantom and reconstructed images with (a) simple back projection and filtered back-projection with (b) high-pass filter, (c) 
Ram-Lak filter, and (d) Shepp-Logan filter.
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Purpose: A deep-neural-network-based anomaly detection and disease diagnosis have been actively researched and 

the integration is considered to be promising. However, devised effective networks may not be effective in real-world situ-

ations. One of the main reasons for hindering the network’s performance is domain diversity. Various methods, including 

the normalization technique, have been proposed to reduce the discrepancy between multi-institutional data. However, 

most studies report only improvements in network performance, and the detailed analysis is lacking. We provide the basis 

for the network performance enhancement of the method through radiomics feature analysis and deep feature analysis.

Methods: We have proposed the multi-frequency-based (MFB) normalization method for the multi-institutional data 

harmonization of the chest radiograph. In the method, we calculate Laplacian pyramids, and the normalization process 

repeats for each sub-image. In this study, we analyze and compare three groups of images: original images, images after 

the MFB normalization, and images after conventional normalization based on the histogram range adjustment (HRA). For 

comprehensive data analysis, we tried two methods; First, we extracted the radiomic features of the images and examined 

the harmonization ability of radiomics. Second, we visualized the embedded deep features and inspected the possible out-

of-distribution. CXR dataset was prepared from seven different sites.

Results: The harmonization performance of our proposed method of MFB normalization in terms of the radiomic fea-

ture was considered to be the best among the original data and conventional HRA normalization. The percent relative stan-

dard deviation (%RSD) calculated for the whole dataset decreased from 134.81% to 16.58%. From the deep feature visual-

ization, MFB normalization showed well-harmonized results. Conventional HRA result, however, was not well harmonized 

although the network performance was enhanced to a certain level.

Conclusions: We evaluate the grounds of network performance enhancement of MFB normalization through various 

feature analyses. Both radiomic features and deep representations are well harmonized for the proposed MFB normaliza-

tion, while conventional HRA normalization showed suboptimal results. The proposed method of feature analysis may 

contribute to improve the reliability and explainability of domain transfer studies in the medical deep learning tasks.

Keywords: Deep learning, Multi-frequency normalization, Radiomics, Feature analysis
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Fig. 1. Extracted radiomic feature heatmap. The horizontal axis corresponds to the 93 radiomic features (18 zeroth-order features, 75 first-
order features), and the vertical axis corresponds to the different CXR images. Different normalization methods are grouped. Note that, 
original data has variety in the radiomic features, and the MFB (proposed) and HRA normalization method harmonize the discrepancy. 
In the point of the first-order features, The MFB-norm outperformed HRA-norm especially in terms of first-order radiomics.



Progress in Medical Physics   Vol. 32, No. S2, September 2021 S121

www.ksmp.or.kr

Fig. 2. t-SNE visualization result of the radiomic features. Light-colored circles are the unnormalized data, and dark-colored points are the 
normalized data. (Left) Original and conventional HRA-normalization. (Right) Original and proposed MFB-normalization. Our proposed 
MFB-normalization conducts the harmonization better than conventional HRA-normalization.

Fig. 3. t-SNE visualization result of the deep-embedded features of (left) original dataset, (middle) HRA-normalization, and (right) MFB-
normalization. Light-colored circles are the healthy cases, and dark-colored circles are the TB cases. Although the conventional HRA-
normalization leads to the enhancement of network performance, its deep feature visualization suggests that the network does not 
consider the data from various scanning conditions are truly harmonized. Meanwhile, the data are well harmonized after the MFB-
normalization.
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Purpose: Kilovoltage cone-beam computed tomography (kV-CBCT) is a commonly used modality for image guided ra-

diotherapy. A phase-space-based source model developed by complete Monte Carlo (MC) simulations of the X-ray tube is 

considered the most accurate method for radiation dose calculations. However, complete MC simulations are computa-

tionally expensive and time consuming. Greater simulation efficiency may be achieved by analyzing and parameterizing 

the source model. Therefore, we established an analytical source model for kV-CBCT MC dose calculations and evaluated 

its performance.

Methods: The EGSnrc/BEAMnrc code was used to simulate the X-ray tube geometry. The particle positions, directions, 

and energies were stored in the reference phase-space file and separated into two groups: primary and secondary photons. 

The analytical source model parameterized probability density functions of the energy spectrum, fluence distributions and 

direction cosine distributions obtained from the reference phase-space file. The variation in each parameter for different 

particles and image acquisition modes when they are represented as probability density functions was discussed. To verify 

the analytical source model, the dose distributions in water were calculated and compared with those of the phase-space-

based source model. These dose distributions were also compared with experimental measurements to validate the MC 

results.

Results: The primary photon spectra varied with the off-axis distance, whereas the secondary photon spectra were con-

sistent in the field, suggesting that the secondary photons are of a single energy spectrum. The percentage of secondary 

photons increased in the bowtie-filter fields, in which they are important components. The dose distributions between the 

phase-space and analytical source model demonstrated strong agreement, with the average difference within 1.1% for both 

the percentage depth dose and the off-axis ratio in the inner beam regions.

Conclusions: In this study, we established an analytical source model for kV-CBCT in image-guided radiotherapy. Our 

results demonstrate the efficacy of this model in accurately representing a reference phase-space file.

Keywords: Source model for KV-CBCT, Monte Carlo dose calculation, TrueBeam OBI system
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Fig. 1. Comparison of (a) OAR along the corresponding orthogonal direction at 1, 5, 10, and 20 cm depths and (b) percentage depth dose 
(PDD) in water of the phase-space and analytical source models and experimental measurements for the full bowtie-filter field. The 
red solid line illustrates the phase-space source model, the blue dashed lines show the analytical source model, and the green points 
represent the experimental measurements.

Fig. 2. Box plots of dose differences for (a) the OAR and (b) the PDD between the phase-space and analytical source models. The central 
mark on the box is the median, while the bottom and top edges indicate the 25th and 75th percentiles, respectively.
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Purpose: Compared to other medical procedures, medical staff in interventional radiography often receives relatively 

high radiation doses especially to the eye lens and skin, highlighting the importance of individual dose assessment. In the 

present study, a dose calculation system was developed and tested for real-time dose calculation to provide lens dose and 

the skin dose distribution, considering continuously changing source conditions and the posture/movement of the radiolo-

gist.

Methods: The motion data of the radiologist were obtained by a depth camera with a body-tracking technique (Azure 

Kinect, Microsoft, WA). The obtained data were then used to change a mesh-type computational human phantom in real-

time. The lens dose and skin dose distribution were then calculated using 3D dose maps, which were pre-generated as a 

database by Geant4 simulations according to the source conditions (i.e., tube voltage and current of the C-arm) and expo-

sure area of the patient. Note that the C-arm rotations were implemented by rotating the dose map.

Results: The developed system was tested for a mockup procedure in the actual imaging room using an X-ray imaging 

system (Allura Xper FD20, Philips, Netherlands). The main window of the developed system showed the mesh phantom 

which is being deformed in real-time according to the posture/motion of the radiologist with color-coded visualization of 

the skin dose rate distribution. In addition, an information panel shows detailed dose values, including lens doses. The test 

was found successful, showing real-time performance of the program, realistic phantom deformation, and reasonable dose 

values.

Conclusions: The system will be further improved, incorporating optical character recognition and object tracking tech-

nology for the lead glass and treatment table. The finally developed system is expected to be a new reliable dose monitoring 

system for interventional radiologists.

Keywords: Interventional radiography, Radiological protection, Occupational exposure, Mesh-type phantom,  

Computational dose calculation
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Purpose: When we evaluate off axis ratio (OAR), we rely on the profiles from the two representative axes with the use of 

the detectors such as chamber. A symmetry or flatness of radiation field should be discussed considering whole directional 

profiles; however, this does not be achieved due to the practical issues. We propose the direct evaluation method for appro-

priately assessing the whole-directional angular profiles using the GAFCHROMIC film and Lie derivative method.

Methods: We measured OARs of squared field (10 MV, 10×10 cm, depth 10 cm, SSD 100 cm) using GAFCHROMIC EBT3 

film. We extracted the profiles every 1-degree from the scanned film-dose, and we mapped these angular profiles in the po-

lar coordinates. Then, we evaluated angular discrepancies of the velocity vector field in the dose distribution between film 

measurement and treatment planning system (TPS) calculated with the use of Lie derivative. 

Results: The measurement showed superior-left side was bulging area compared with the TPS that was detected by ra-

dial profiles of around 45 degrees. The differential coefficients according to Lie derivative against angular direction was 

obtained. The summation of squared it over the same radial direction highlighted the unevenness, the degree of concavity 

and convexity. This criterion indicated around –10 degrees against Left-Right axis was uneven, which matched up with the 

film detection.

Conclusions: There is unevenness in the dose distribution despite the TPS assuming smooth and symmetrical dose dis-

tribution. In actual, the detected diagonal dose distribution was bulky. The diagonal or angular profiles should be discussed 

more for the accurate radiation or quality assurance. Lie derivative method was used in this study to numerically evaluate 

the discrepancy.

Keywords: QA, Film measurement
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Fig. 1. Comparisons between TPS calculated dose distribution and actual irradiated dose distribution in the film; left-side and right-side 
are the dose distributions of TPS calculation and actual irradiated in the film; and upper-side and lower-side are the dose distributions in 
a 2D-view or 3D-view. The dose distribution from TPS calculation depicts highly symmetrical one; however, in actual, the irradiated dose 
distribution has slope.
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Fig. 3. Lie derivative analysis with squared summation.

Fig. 2. Flow calculation represented by velocity vectors,  and  with the use of dose distribution obtained 
from (a)–(b) TPS calculation and (c)–(d) film measurement. Dose distribution and vector fields are showned in polar coordinates.
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Purpose: This study aimed to measure dose in a scanning-carbon beam-irradiation field with high sampling rate that is 

sufficient for identifying spots and verifying the characteristics of the scanning beam that cannot generally be derived from 

the dose. 

Methods: To identify spot, which is the smallest control unit of beam information during irradiation, effecting measure-

ments with a sampling time of 10 μs or shorter is necessary, so we designed circuit for time-resolved dosimetry using a 

fast-data acquisition unit (SL1000, Yokogawa Electric Co.), which can measure 100,000 samples per second. We logged the 

beam monitors(beam fluence monitor and position monitors) as well as the delivered dose to the ionization chamber with 

the fast-data acquisition unit.

Results: TRD was measured successfully using point irradiation and two-dimensional irradiation patterns in a scanned 

carbon beam. Based on the moving time of the spot obtained from position monitor, the dose delivered to the IC from each 

spot position (spot dose) was interpreted. The spot dose, displacement of the chamber from the beam’s center axis, and 

beam size were derived using TRD and position monitor outputs, which were measured concurrent with TRD. Some spot-

dose were also observed four spots (8 mm) away from the IC’s center. Using the spot dose equations and simulation, we 

show that the spot dose of each position varies depending on the beam size and displacement of the IC’s center from the 

beam’s center axis.

Conclusions: We devise an interpretation method of pencil-scanning beam irradiations for the characteristics that may 

apply to quality assurance, such as the verification of the trend for the beam axis and isocenter to coincide, as well as beam-

size verification.

Keywords: Time-resolved dosimetry, Pencil-beam scanning, Quality control
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Fig. 1. A simulated irradiation field measuring 48×48 mm2. The black squares are the irradiated spot positions, and the solid lines between 
the black squares are the irradiation route. In total, 625 spots were required to create this small two-dimensional irradiation field of with a 
2-mm spot distance.

Fig. 2. Irradiation monitoring system for the scanning beam port of the HIMAC. The monitoring system comprises two dose monitors 
(main and sub) and a position monitor. The monitors are sufficiently large to include the maximum scanning area. Ideally, the non-
bended beam passes the isocenter of the treatment room.
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Fig. 3. (a) Pencil-beam scanning irradiation; (b) the concepts of 
TRD and integrated TRD. In (a), the blurry yellow spots indicate 
the position of spots when the beam is irradiated along the gray 
line; in (b), the measured TRD is indicated by the black histogram, 
spot dose is the TRD irradiated on the spot, and red line indicates 
the dose at the time.

Fig. 4. Diagram of the electric circuit used to measure the TRD. 
A self-made conversion circuit (BNT cable to BNC cable plus 
SHV cable), current amplifier, and a high-voltage supply were 
used to obtain the TRD signal. The fast-data acquisition unit 
logged the TRD, dose monitor and position monitor signals at 
the same time for the analysis of the spot dose.
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Fig. 5. The point irradiation output. The red line shows the TRD 
output (M(t)), and the black line is the output of the DSN, which 
was measured at the same time as M(t). The irradiation at 100 
and 0 mm (x and y, respectively) was started at approximately 5 s 
and ended at approximately 10 s. From 10 to 15 s, the beam was 
irradiated at the center of the IC [7]. 

Fig. 6. The synchronization of outputs. The black line is the 
output of the dose monitor, red is the normalized output of TRD 
for synchronizing the outputs, and blue is the synchronized data 
of TRD. The synchronization time was determined using the least-
squares method [7].

Fig. 7. The TRD output over time during 2D irradiation. The raw 
TRD output measured with the sampling time of 10 μs of 2D 
uniform irradiation. Several peaks were found as expected in 
section B [7].

Fig. 8. The TRD output for 2D uniform irradiation and spot 
moving timing derived from a position monitor. The black line is 
the magnified output of the TRD circuit for the two central peaks 
in Fig. 7. The green and purple lines are the output of the position 
monitors for the x and y directions, respectively, which monitor 
the moving of the beam-irradiation position. The red cross is 
the detected moving time derived using the calculation code 
developed in this study. The dashed line is an incidental line for 
reviewing the divided time intervals of the TRD output [7].
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Fig. 9. The spot-dose and cumulative spot-dose of 2D uniform 
irradiation.

Fig. 10. A 2D spot-dose map plotted with information 
pertaining to the beam position for the PSNX, PSNY, and 
spot-dose [7].

Fig. 11. The spot-dose of a centerline (x=0). The gray bar chart 
represents a spot-dose that was derived from 2D irradiation 
measurement. Both the blue triangles and red rectangles 
represent simulated spot-dose data, but they have different 
measurement positions (0 and 0.4 mm, respectively) [7].



Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 
Young Investigator's Award Competition

Copyright ©  2021 Korean Society of Medical Physics

S133

Purpose: To predict the primary gross tumor volume (pGTV) and their inter-observer variabilities (IOV) of non-small cell 

lung cancer (NSCLC) by using a series of CT images, we developed a deep-learning model for IOV prediction (IOV-Net).

Methods: Twenty-two NSCLC patients data were used for training IOV-Net. A patient data consisted of a series of CT im-

ages and five RT-structures of pGTV delineated by five radiation oncologists using the combined CT and PET information, 

respectively. An input and output (ground-truth) of IOV-Net were CT images and Ground-Truth Fuzzy contour (GTFC). 

The GTFC can be built from five observers’ RT-structure and their performance levels using Fuzzy set theory. IOV-Net was 

based on 2.5D U-Net which consisted of 12 convolutional layers and max-pooling layers. The layer normalization was ap-

plied for the fast convergence in the optimization process. The adaptive momentum estimation was used for an optimizer 

with a learning rate of 0.001 and a weight decay of 0.0002. IOV-Net was trained until 2000 epochs with a K-fold cross-vali-

dation training scheme (K=5). To evaluate the prediction accuracy of IOV-Net, we calculated a mean squared error (MSE) 

between ground-truth and predicted GTFC. 

Results: The averaged MSEs between ground-truth and predicted GTFC decreased to 0.0009, 0.0004, 0.0005, 0.0005, and 

0.0008 for the test set of the five-folds, respectively. 

Conclusions: a deep-learning-based IOV prediction model for pGTV of NSCLC patient cases was developed and verified. 

Using only a series of CT images of a patient, a high-precision IOV could be predicted for clinical use.

Keywords: Inter-observer variability, Deep-learning, Convolutional neural network, Fuzzy set theory
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Fig. 1. Diagram for the inter-observer variability prediction network (IOV-Net).

Fig. 2. The developed in-house software to generate a two-dimensional ground-truth Fuzzy contour (GTFC).
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Fig. 3. The ground-truth and predicted GTFC for training and test dataset.
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Purpose: In carbon ion radiotherapy (CIRT), which is highly dependent on linear energy transfer, the estimation of 

organ-specific radiobiological parameters is directly related to the determination of appropriate the shape of spread-out 

Bragg peak and optimal prescription dose. Although many in-vivo and in-vitro studies have been performed, the effects on 

human cancer tissues may differ from them. This study aims to estimate biological parameters related to CIRT for prostate 

cancer by using tumor control probability (TCP) reflecting clinical results, in addition to cell experiments.

Methods: We attempted to derive the biological parameters of prostate cancer from (1) cell experiments and (2) retro-

spective analysis of clinical TCP as follows: (1) Human prostate cancer cells PC3 were irradiated with different doses of X-

rays and carbon ion beams, and the cell survival fractions of each dose were examined by colony formation assay. The 

linear-quadratic (LQ) coefficients were derived by fitting the cell survival rates by X-rays and carbon ion beams with the LQ 

model, respectively. (2) By fitting the 5-year biochemical progression-free survival rates (bPFS) of X-ray radiotherapy (XRT) 

for prostate cancer reported in previous papers with the TCP function, we derived the initial number of clonogenic cells 

which is independent of radiation. Using this value and the LQ coefficients obtained in (1), we finally estimated the oxygen 

enhance ratio (OER) at which the TCP function reproduces the reported bPFS of CIRT.

Results: (1) The LQ parameters of X-ray and carbon ion beams were α=0.33, β=0.038 and α=0.52, β=0.20, respectively. (2) 

Fitting the bPFS with the TCP function showed that the number of initial clonogenic cells ranged from 106 to 107 according 

to the risk classification, and the OER of X-ray and carbon ion beams were approximately 1.7 and 1.2, respectively.

Conclusions: This study utilized a combination of cell experiments and retrospective analysis of TCP to derive radio-

biological parameters. The LQ parameters obtained from the cell experiments could be modified with reasonable OER to 

reproduce the clinical results. In addition, it is necessary to verify the validity of OER by additional cell experiments.

Keywords: Carbon ion radiotherapy, Tumor control probability, Linear-quadratic model, Biological model, Mathemati-

cal modeling
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Fig. 1. Irradiation conditions of carbon ion beams when the physical 
dose (Dphy) is 1 Gy. SOBPs of 7 cm in width were created with a constant 
biological dose (Dbio). The dose-averaged LET (LETd) at the center depth was 
approximately 40 keV/μm, and the physical dose was varied to 1, 2, and 3 Gy.

Fig. 2. Cell experiment scheme for carbon ion beams. The acrylic plate was placed with the cell attachment surface located at the center 
depth of the SOBP.
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Fig. 4. bPFS of prostate cancer by XRT [a] and CIRT [b] with fitting by TCP function. Left, middle, and right columns indicate low, 
intermediate, and high risk, respectively.

Fig. 3. Survival curves given by X-rays [a] and carbon beams [b]. By fitting the experimental values with the LQ model, the LQ coefficients 
shown in the legends were obtained.
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Purpose: The development of stereotactic body radiotherapy (SBRT) enabled more effective radiation therapy without 

interfering with concurrent treatment such as chemotherapy. However, it has been reported that 5.7–39.0% of patients who 

received SBRT experienced vertebral compression fracture (VCF), one of the serious side effects after SBRT. Therefore, it is 

necessary to identify the patient group in which VCF may occur in advance. Previous studies have analyzed side effects of 

radiation therapy using statistical methods, but they have limitations in data utilization and its clinical application. In this 

study, the probability of VCF after SBRT was predicted using a multimodal deep nerural network which utilize various type 

of data, such as CT volume and planned dose map. Futhermore, using interpretation method, the study analyzes how rea-

sonable the prediction process of the network is.

Methods: A multimodal neural network was constructed to effectively use three types of data (3D CT volume, planned 

dose map, clinical record vector). Deep features of image-type input are extracted through a ResNet, and deep features of 

clinical vector data are extracted using a multilayer perceptron (MLP). For the interpretation of MLP and ResNet, LIME and 

Grad-CAM were used respectively. The incidence of VCF on patients treated within the timeframe of January 2010 and Au-

gust 2017 with SBRT due to spinal metastatic cancer is being assessed by SMC.

Results: The multimodal network yielded the prediction accuracy of higher than 90% in the validation study. Compared 

with the classical machine learning techniques, the network produced the best performance in all evaluation metrics (AP, 

accuracy, F1-score).

Conclusions: The deep neural network has higher reliability in that it is the result of reflecting the CT image and the dose 

map. This confirms that it is reasonable to use DL for prediction, and it is expected that VCF can be predicted in the early 

step and better treatment plans could be implemented.

Keywords: Matastatic spinal tumor, Stereotactic body radiation therapy (SBRT), Vertebral compression fracture (VCF), 

Machine learning, Deep learning, Convolution neural network (CNN), Interpretable AI
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Fig. 1. Structure of multimodal neural networks.

Fig. 2. Translation augmentation: The CT image patch was moved up, down, left, and right one pixel at a time, and augmented 9 times in 
total.



Young Investigator's Award CompetitionS142

www.ksmp.or.kr

Fig. 3. Rotation augmentation: CT images were tilled from the sagittal plane to +10 to –10 degrees.

Fig. 4. Precision-recall curve and ROC curve of network learning results using only CT and clinical data without 3d dose distribution.

Fig. 5. Precision-recall curve and ROC curve of network learning results using CT and clinical data, including 3d dose distribution.



Progress in Medical Physics   Vol. 32, No. S2, September 2021 S143

www.ksmp.or.kr

Fig. 6. Results of applying Grad-CAM 
to patched CT volumes of different 
patients.
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Fig. 6. Continued.
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Fig. 7. Results of applying LIME to the VCF True patient. Fig. 8. Results of applying LIME to the VCF False patient.

Fig. 9. Precision-recall curves for each machine learning method. The precision-recall response was the best in the multimodal network 
in the red line.
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Purpose: The aim of this study was to investigate the deep convolutional neural network (DCNN) model for prediction 

of radiation pneumonitis (RP) on pretreatment planning computed tomography (CT) images after lung cancer stereotactic 

body radiation therapy (SBRT).

Methods: A total of 244 non-small cell lung cancer patients including 21 patients with grade 2 or higher RP (RP cases), 

who received SBRT, were selected for modeling the RP prediction. An AlexNet-based transfer learning model was used to 

classify the patients into RP and non-RP cases by replacing the last three layers with a two-kernel fully connected layer, a 

softmax layer, and a classification output layer. The DCNN models were trained on 11×11, 15×15 and 21×21 pixels square 

patches with given references for the RP. One-hundred patches were cropped from lung volumes irradiated with more than 

0, 5, 10, 15 and 20 Gy on pretreatment planning CT images for each patient, whose volumes were named as LV0, LV5, LV10, 

LV15 and LV20, respectively. To address the issue of imbalanced data with RP and non-RP cases on DCNN models, ten bal-

anced subsets consisting of all 21 RP cases and 22 or 23 randomly selected non RP cases were created from the imbalanced 

dataset of 244 patients. Training and validation images (70%/30%) were randomly separated for each subset. The DCNN 

models were evaluated based on a 5-fold cross validation with the area under receiver operating characteristic curves 

(AUCs), sensitivities, specificities, and accuracies.

Results: The means of AUCs for LV0, LV5, LV10, LV15 and LV20 were 0.675±0.036, 0.748±0.034, 0.781±0.023, 0.810±0.023, 

and 0.826±0.030 for 21×21 patches. The AUCs were significantly improved by using patches cropped from the lung volumes 

irradiated with higher dose compared to patches cropped from whole-lung volumes. The AUCs with large patches tended 

to be higher than those with small patches.

Conclusions: The proposed DCNN model can be utilized for the prediction of RP prior to SBRT for lung cancer.

Keywords: Radiation pneumonitis, Prediction, Lung cancer, Stereotactic body radiation therapy, Deep convolutional 

neural network

OY-2-05

Pretreatment Prediction of Radiation Pneumonitis 
Based on Deep Transfer Learning after Lung Cancer 
Stereotactic Body Radiation Therapy

Taka-aki Hirose1, Hidetaka Arimura2, Yunhao Cui3, Kenta Ninomiya3, Tadamasa Yoshitake4,  
Jun-ichi Fukunaga1, Yoshiyuki Shioyama4

1Division of Radiology, Department of Medical Technology, Kyushu University Hospital, Fukuoka, Japan
2Department of Health Sciences, Faculty of Medical Sciences, Kyushu University, Fukuoka, Japan
3Department of Health Sciences, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan
4Department of Clinical Radiology, Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan



Young Investigator's Award CompetitionS148

www.ksmp.or.kr

Fig. 1. The overall scheme of an AlexNet transfer learning-based RP prediction.

Fig. 2. The bar graph of AUCs calculated using the RP predictive models for each 
ROI for each patch size.
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Purpose: This study aimed to assess the clinical utility and repeatable positioning of a patient-specific tongue position-

ing device (BinkieRTTM, Paprica LAB, Republic of Korea) for head and neck radiotherapy. 

Methods: BinkieRTTM consisted of upper and lower plates for teeth arch impression with thermoplastic ethylene-vinyl ac-

etate (EVA) and a paddle for displacing or immobilizing a tongue (Fig. 1a). The EVA of the upper and lower plates is heated 

by a dedicated air heater (BinkieHTTM, Paprica LAB, Republic of Korea) for 90 seconds and the BinkieRTTM is placed into the 

patient’s mouth. As the patient bites the heated EVA, the fixed-bite position can be obtained (Fig. 1b and Fig. 2). The EBT3 

film, dimensions of 2.0×2.5 cm2, was attached to the paddle for in vivo dosimetry (Fig. 1a). The dosimetry was conducted 

once a week for each patient to evaluate the inter-fractional positioning of the device. Measured dose distributions were 

then compared to planned dose distributions using 2D gamma evaluation with 3%/3 mm criteria.

Results: Planned dose distribution was shifted within 3 mm in both directions of anterior-posterior, and left-right to find 

out the best gamma evaluation result, assuming that the measurement and planned dose are matched in superior-inferior 

direction. Figure 3 shows the results of the measurement, planned dose, dose difference, and gamma map with 3%/3 mm 

criteria. Within 3 mm shift, the average gamma passing rates for five measurements for each patient were 98.1%, and 98.5%, 

respectively. 

Conclusions: We performed in vivo dosimetry using EBT3 film measurement to evaluate an inter-fractional positioning 

repeatability of BinkieRTTM. Assuming that a tongue and the underneath of the paddle shares the interface, we could con-

clude that the tongue dose could be retained compared to the planned dose during fractionated treatments. 

Conflict of interest: Seongmoon Jung, Jong Min Park, Chang Heon Choi, Hong-Gyu Wu, and Jung-in Kim are reporting 

that we have a financial interests in a company that may be affected by the research reported in the enclosed paper. We 

have disclosed those interests and we have in place an approved plan for managing any potential conflicts arising from that 

involvement.

Keywords: Tongue positioning device, BinkieRTTM, Head and neck radiotherapy, Gamma analysis, In vivo dosimetry
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Fig. 2. Simulation CT images of patient using BinkieRTTM. 
Tongue is depressed by the paddle of the device and is displaced 
from the planning target volume.

Fig. 3. (a) Dose distribution of EBT3 film measurement and (b) 
planned dose distribution. (c) Dose difference between the measured 
and planned dose distributions and (d) gamma map with 3%/3 mm 
criteria. 

Fig. 1. (a) BinkieRTTM tongue positioning device with EBT3 film and (b) simulation setup for treatment.
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Purpose: In IAEA TRS-398, the uncertainty of the absorbed dose to water Dw for carbon-ion beams is estimated to be 

over 3%, which is larger than photons and protons. The standard uncertainty of the beam quality correction factor kQ, a 

component of Dw, for carbon-ion beams is estimated to be 2.8% for the cylindrical chambers and 3.2% for the plane-parallel 

chambers. Therefore, kQ is the dominant factor in the uncertainty of Dw. Calorimetry has been performed recently to reduce 

this uncertainty of kQ in carbon-ion beams. However, the calorimetry condition is limited and the calorimetry results will 

need to be verified for consistency in the dosimetry chain data. Systematically estimated kQ using Monte Carlo (MC) simu-

lation can make up for the shortcoming while it has hardly ever been reported. In this study, kQ of 6 type ionization cham-

bers for carbon-ion beams were evaluated using experimental measurements and MC simulations.

Methods: The kQ for each chamber was evaluated by 2 processes: measurements in QST-HIMAC in Japan and simula-

tions with Geant4 ver. 10.2.p03. For the measurements, Dw in 60Co gamma-ray and 290 MeV/u-12C beams were measured 

using the subjected chambers and the reference chamber (PTW 30011) for obtaining kQ ratio for each chamber of interest. 

For the simulations, absorbed dose to air in the sensitive volume of each chamber and the absorbed dose to water were cal-

culated to acquire fQ, which is the product of the water-to-air stopping power ratio and the chamber-specific perturbation 

correction factor. The kQ was calculated with fQ (simulations) and Wair (literature value).

Results: The calculated kQ ratios between the subjected chamber and the reference chamber showed good agreement 

with the measured kQ ratios. The differences between the currently recommended kQ in TRS-398 and calculated kQ were 0.4% 

for the cylindrical chambers and 0.9% for the plane-parallel chambers at the maximum, respectively. The uncertainty of 

calculated kQ was decreased by more than 1% compared with 3% at TRS-398.

Conclusions: It was shown that it is possible to calculate kQ for carbon-ion beams with high accuracy by MC simulations 

using Geant4.

Keywords: Ionization chamber, Monte Carlo simulation, Heavy ion radiotherapy, Beam quality correction factor
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Fig. 2. Comparison of calculated kQ ratios, 
measurements, and literature values for 
12C.

Fig. 1. The propagation of the uncertainty of Dw in 12C for different ionization chamber types.

Fig. 3. Comparison of calculated kQ and 
literature values for 12C.

Fig. 4. Comparison of calculated P with 4 
types of Sw,air for 12C.
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Purpose: This study aims to evaluate the dose at active skin layer induced by total body irradiation (TBI) in order to pre-

dict the dose to T-cells by using mesh-type reference computational phantoms (MRCPs) and Geant4 Monte Carlo (MC) 

simulation. In addition, the spoiler thickness for TBI is optimized according to beam energy.

Methods: The absorbed dose to active skin layer of MRCPs released in ICRP-145 is evaluated on the TBI configuration of 

SNUH. The target layer is defined as 50 μm thickness layer at the 50–100 μm depth as ICRP report. The bilateral beams of 6 

and 15 MV trilogy LINAC are employed with 40×40 cm2 field size, 45° collimator angle, and 400 cm SAD in order to obtain 

sufficient field size. The acrylic spoiler of infinite area to ignore the lack of lateral scattering is positioned as close as pos-

sible to the phantom, and the influence of the target dose is evaluated as a function of spoiler thickness as shown in Figure 1. 

Results: In the both cases of 6 and 15 MV, it is clearly observed that the delivered dose and dose volume histogram (DVH) 

at the target layer are saturated at the spoiler thickness of about 1 and 1.5 cm, respectively, as shown in Figure 2. The ab-

sorbed doses in the circular region of interests (ROIs) perpendicular to the beam direction with the optimal spoiler thick-

ness show maximum values of 123 and 114% normalized to the isocenter dose for 6 and 15 MV in head ROI, which is the 

thinnest lateral depth. On the other hand, the dose is minimized to 108 and 96% in the hip ROI, the thickest region due to 

the tissue-lateral effect.

Conclusions: The optimized spoiler thickness has been figured out to determine the acrylic spoiler in clinical situation. 

In further, the influence of the lead compensator would be evaluated, and the patient specific TBI dose calculations could 

be performed.

Acknowledgments:  This work was supported by the National Research Foundation of Korea (NRF) grant funded by the 

Korean government (No. NRF-2019M2A2B4095126 & NRF-2019M2A1B4096540).

Keywords: Monte Carlo simulation, Computational phantom , Geant4, Total body irradiation, Semi-optimization

OY-2-08

Clinical Application of ICRP Mesh-Type Reference 
Computational Phantom for Total Body Irradiation and 
Semi-Optimization of Spoiler Thickness

Wook-Geun Shin1,2, Jong Min Park1,2,3, Jung-in Kim1,2,3, Chang Heon Choi1,2,3

1Department of Radiation Oncology, Seoul National University Hospital, Seoul, Korea
2Biomedical Research Institute, Seoul National University Hospital, Seoul, Korea
3Institution of Radiation Medicine, Seoul National University Hospital, Seoul, Korea



Young Investigator's Award CompetitionS154

www.ksmp.or.kr

Fig. 2. The normalized dose as a function of the acrylic spoiler 
thickness for the entire skin and the active layer.

Fig. 1. The dose distributions induced by 15 MV bilateral beams as a function of the acrylic spoiler thickness.
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Purpose: In boron neutron capture therapy (BNCT), boron dose which is induced by the reaction between thermal neu-

tron and boron-10 reaches more than approximately 90% of the total delivered doses to tumor. It is suitable for BNCT do-

simetry that Poly (vinyl alcohol)-iodide complex (PVA-I) gel dosimeter can directly measure boron dose because a certain 

amount of boron-10 can be mixed although most of the detectors don’t mix it. In this study, a sample of 6LiF collimator is 

prepared to shield thermal neutrons for BNCT. This study aims to evaluate radiation shielding ability of 6LiF collimator for 

BNCT using PVA-I gel dosimeter with boron-10.

Methods: PVA-I gel dosimeter with 25 ppm boron-10 was prepared. The composition of PVA-I gel dosimeter is water: 98 

wt%, Gellan Gum: 0.4 wt%, PVA: 1.0 wt%, KI: 100 mM, Fructose: 100 mM, boron-10: 25 ppm. PVA-I gel dosimeter with bo-

ron-10 was filled in acrylic plate container (2D PVA-I gel dosimeter). 6LiF collimator put on half of 2D PVA-I gel dosimeter, 

and it was set in a PMMA phantom (40×40×12 cm3). 2D PVA-I gel dosimeter was then irradiated by BNCT system at our 

institution. After irradiation, 2D PVA-I gel dosimeter was scanned by flatbed scanner. Previous study had suggested that 

relationship between scanned pixel values of PVA-I gel dosimeter and delivered dose had been linear. Therefore, dose dis-

tribution of 2D PVA-I gel dosimeter was analyzed with pixel value in this study.

Results: Dose gradient derived from 6LiF collimator was measured with 2D PVA-I gel dosimeter. Comparing dose of 

shielded side with the other side in PVA-I gel dosimeter, the former dose reduction reached approximately 74%. 

Conclusions: The sample of 6LiF collimator can significantly reduce BNCT dose due to shielding thermal neutrons. 

Therefore, using 6LiF collimator, it can be expected that boron dose is delivered to confined range and delivered dose to 

normal tissue reduces. Additionally, this study shows that PVA-I gel dosimeter with 10-boron is useful tool to measure bo-

ron dose in BNCT although the conventional detectors cannot directly measure it. Furthermore, 2D PVA-I gel dosimeter 

could measure dose gradient in BNCT dosimetry.

Keywords: Radiation therapy, BNCT, Gel dosimeter
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Effect of Hyperparameters in Deep Learning-Based 
Object Detection Model Using Computed Tomography 
Images

Sungmin Kim1, Dobin Yim2, Kibok Nam2, Dahye Lee2, Seungwan Lee1,2

1Department of Radiological Science, Konyang University, Daejeon, Korea
2Department of Medical Science, Konyang University, Daejeon, Korea

Purpose: Deep learning-based object detection models in medicine have been proposed with promising results for au-

tomatically detecting lesions and organs. However, the combinations of the hyperparameters used for network training 

influence the performance of the models, and the unsuitable combinations of the hyperparameters degrade the detection 

accuracy. In this study, we investigated the effect of the network training hyperparameters on a deep learning-based object 

detection model using clinical lung and brain computed tomography (CT) images.

Methods: A network structure of the Yolov5s was used to construct a deep learning-based object detection model. The 

network training was performed with various hyperparameters: epochs (10,100 and 300), activation functions (Hardswish, 

LeakyReLU and Mish) and optimization functions (stochastic gradient descent (SGD) and Adam). For the network train-

ing and testing, we used 240 brain hemorrhage and 367 lung CT images. The lesion and organ detection accuracies of the 

trained model were evaluated in terms of the mean average precision (mAp).

Results: When the training epoch increased from 10 to 300, the mAp values for the lung detection continuously increased 

by 2.064–2.891, 3.930–4.182 and 1.821–2.017 times for the Hardswish, LeakyReLU and Mish activation functions, respective-

ly. For both of the SGD and Adam optimization functions, the mAp values were maximized by the Mish activation function 

at 0.013–0.405, 0.500–0.705 and 0.530–0.787 for 10, 100, and 300 epochs, respectively. When using the Mish activation func-

tion with 100 and 300 epochs, the average mAp value for the SGD optimization function was 1.087 time higher than that for 

the Adam optimization function.

Conclusions: The results showed that the performance of the lesion-organ detection model based on the Yolov5s was 

improved with the hyperparameters of 300 epoch, Mish activation function and SGD optimization function for the given 

conditions. In conclusion, the optimal combinations of the hyperparameters should be applied to the deep learning-based 

lesion-organ detection model for accurately providing the diagnostic information.

Keywords: Yolov5s, Hyperparameter, Epoch, Activation function, Optimization function
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Performance Analysis and Evaluation of Mask R-CNN 
for Lung Segmentation Using Chest Computed 
Tomography Images

Kibok Nam1, Dobin Yim1, Dahye Lee1, Sungmin Kim2, Seungwan Lee1,2

1Department of Medical Science, Konyang University, Daejeon, Korea 
2Department of Radiological Science, Konyang University, Daejeon, Korea

Purpose: The performance of deep learning models for image segmentation depends on its structure and learning depth. 

In particular, the learning depth of the deep learning-based image segmentation model should be optimized to stabilize its 

performance and prevent overfitting. In this work, mask regional convolutional neural networks (R-CNN) were designed 

with the various number of learning layers, and the lung segmentation accuracy was measured for evaluating the effect of 

learning depth on the mask R-CNNs.

Methods: The number of layers in the residual network of the mask R-CNN was adjusted for varying the learning depth 

by 50, 74, 101, 128 and 152. The feature pyramid network was used as a backbone. All hyperparameters excepting the num-

ber of layers were identically configured. 250 and 50 chest computed tomography (CT) images were used for training and 

testing the designed mask R-CNNs, respectively. To evaluate the performance of the mask R-CNNs, we measured average 

precision (AP), AP50 and AP75.

Results: When the number of layers increased from 50 to 101, the AP values were continuously increased from 58.012 to 

69.047. But the mask R-CNNs with 128 and 152 layers reduced the AP values by 29.600 and 26.398, respectively. The AP50 

values were measured at 86.109, 90.717, 98.010, 78.065 and 72.911 for the layers of 50, 74, 101, 128 and 152, respectively, 

and the AP75 values were 83.052, 85.933, 90.483, 2.206 and 1.129 for the layers of 50, 74, 101, 128 and 152, respectively.

Conclusions: The results showed that the lung segmentation accuracy of the mask R-CNNs was improved with the 

learning layers of 50–101, but rather the accuracy was degraded over the learning layers of 128 for the given conditions. In 

conclusion, the mask R-CNN should be designed with the appropriate number of learning layers, and the optimization of 

learning layers is necessary for maximizing the lung segmentation accuracy of the mask R-CNN.

Keywords: Deep learning, Mask R-CNN, Chest CT image, Segmentation
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Skin Cancer Prediction Using Dermoscopy Images and 
Different CNN Models 

Eun Jeong Heo1,2, So Young Kim3, Hwa Hyoung Woo4, Chun Gun Park5, Kwan Tae Kim6, Kwang Hyeon Kim7, 
Jang Bo Shim8, Soo Hong Seo9, Dai Hyun Kim9, Nam Kwon Lee1, Chul Yong Kim1, Suk Lee1

1Department of Radiation Oncology, College of Medicine, Korea University, Seoul, Korea
2Department of Bio-medical Science, Graduate School of Korea University, Sejong, Korea
3Division of Clinical Affairs, DEEPNOID Inc., Seoul, Korea
4College of General Education, Chung-Ang University, Seoul, Korea
5Department of Mathematics, Kyonggi University, Suwon, Korea 
6Division of Hyperspectral Imaging, KISLab, Suwon, Korea
7Department of Neurosurgery, Ilsan Paik Hospital, College of Medicine, Inje University, Goyang, Korea
8Department of Radiation Oncology, Guro Hospital, Korea University Medical Center, Seoul, Korea
9Department of Dermatology, College of Medicine, Korea University, Seoul, Korea

Purpose: The purpose of this study was to compare the performances of different convolutional neural network 

(CNN) models for highly accurate prediction of skin cancer.

Methods: A total of 1800 biopsy-proven dermoscopy images (melanoma, basal cell carcinoma, and benign) from 

the International Skin Imaging Challenge in 2019 and 2020 (ISIC 2019, ISIC 2020) and Korea University Medical Cen-

ter (Korea university; IRB: K2020-2311-011) were employed. Different CNN models (Inception V3, InceptionResNet 

V2, ResNet 50, and EfficientNet B7) were designed using DEEP:PHI (DEEPNOID Inc., Korea). The dataset was sepa-

rated into training, test, and validation datasets according to a ratio of 8:1:1 (training: 1440 images, validation: 180 

images, test: 180 images). Fifty-two biopsy-proven dermoscopy images were used for clinical validation. The results 

were compared for clinical validation with different CNN models utilizing the same datasets. Accuracy, sensitivity, 

specificity, and area under curve (AUC) were used to quantify the skin cancer prediction.

Results: EfficientNet B7 achieved the highest accuracy among the CNN models (EfficientNet B7: 0.9423, Inception-

ResNet V2: 0.8846, ResNet 50: 0.8269, Inception V3: 0.7885). The AUC results for EfficientNet B7 were 0.9545, 1.0000, 

and 0.9429, indicating that this CNN model distinguished well between melanoma, basal cell carcinoma, and benign, 

respectively, compared with other CNN models in clinical validation. 

Conclusions: Selecting the CNN model affected the results of skin cancer prediction. Therefore, it is important to 

select an appropriate CNN model for skin cancer prediction. Further the plans include comparing prediction perfor-

mance with that of trained dermatologists.

Keywords: Skin cancer prediction, Melanoma, Basal cell carcinoma, Dermoscopy image, Convolutional neural net-

work (CNN)
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A Study on Machine Learning Algorithms for the  
Multi-Leaf Collimator (MLC) Error Prediction with 
DICOM and Log File Analysis

Manjin Ha, Pilsu Kim, Byung Jun Min

Department of Radiation Oncology, Chungbuk National University Hospital, Cheongju, Korea

Purpose: Recently, many studies have introduced a regression analysis or a machine learning classification methods 

to analysis a multi-leaf collimator (MLC) errors by determining the velocity and acceleration based on its log files. In this 

study, a machine learning algorithm was proposed to calculate velocity and acceleration from MLC information obtained 

by the log file and to predict MLC position errors.

Methods: We used Elekta VersaHD and the log file from the manufacturer. In addition, we extract the RT plan DICOM 

file from a radiotherapy planning software, MONACO. Both the log files and DICOM files are matched because they con-

tain MLC position information. The velocity and acceleration of MLC not directly contained in machine parameters were 

calculated using the position and time data of MLC. Moreover, Scikit-Learn was used for the MLC error prediction. In order 

to train the MLC errors in the log file, the input data were set as the position, velocity, and acceleration of the MLC, and the 

MLC position error data were set as the target data for training the model. Linear regression (LR), decision tree regression 

(DTR), bagging regression tree (BRT), and gradient boosting regression tree (GBRT) were used to find the predicted values 

of the data. It was calculated using the mean absolute error (MAE) for the model evaluation.

Results: MAE for MLC positional errors was rated at 0.2205. And the models for this comparison were LR’s MAE of 0.1460, 

R2 of 0.3081, DTR’s MAE of 0.1729, R2 of -0.1094, BRT’s MAE of 0.1607, and R2 of 0.1873. The MAE of GBRT was 0.1452 and 

R2 was 0.2728, with the lowest MAE value. The values of discrepancy between prediction and measured position of MLC 

were improved.

Conclusions: Our study tested several machine learning algorithms to find the optimal model for MLC parameter pre-

diction.

Keywords: Radiotherapy, MLC, Prediction, Error, Machine learning
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A Multivariate Approach to Determine Electron Beam 
Parameters for a Monte Carlo 6 MV Linac Model: 
Statistical and Machine Learning Methods

Hye Jeong Yang1, Tae Hoon Kim2, Thomas Schaarschmidt2, Dong-Wook Park3, Seung Hee Kang3,  
Hyun-Tai Chung4, Tae Suk Suh1

1Department of Biomedical Engineering, The Catholic University of Korea, College of Medicine, Seoul, Korea
2Department of Nuclear Engineering, Hanyang University, Seoul, Korea
3Department of Radiation Oncology, Ilsan Paik Hospital, Goyang, Korea
4Department of Neurosurgery, Seoul National University College of Medicine, Seoul, Korea

Purpose: This study aimed to determine the optimal initial electron beam parameters of a Monte Carlo 6 MV Linac for 

radiotherapy with a multivariate approach using statistical and machine-learning tools. 

Methods: For MC beam commissioning, a 6 MV Varian Clinac was simulated using the Geant4 toolkit. The authors in-

vestigated the relations between simulated dose distribution and initial electron beam parameters, namely, mean energy 

(E), energy spread (ES), and radial beam size (RS). The goodness of simulation was evaluated by the slope of differences 

between the simulated and the golden beam data. The best-fit combination of the electron beam parameters that mini-

mized the slope of dose difference was searched through multivariate methods using conventional statistical methods and 

machine-learning tools of the scikit-learn library. 

Results: Simulation results with 87 combinations of the electron beam parameters were analyzed. Regardless of being 

univariate or multivariate, traditional statistical models did not recommend a single parameter set simultaneously mini-

mizing slope of dose differences for percent depth dose (PDD) and lateral dose profile (LDP). Two machine learning clas-

sification modules, RandomForestClassifier and BaggingClassifier, agreed in recommending (E=6.3 MeV, ES=±5.0%, RS=1.0 

mm) for predicting simultaneous acceptance of PDD and LDP.

Conclusions: It seems necessary to improve the robustness of the model, and the best-fit combination should be regard-

ed as specific to this study. We could suggest a novel approach to multivariate analyses for determining the beam param-

eters in the sensitivity analysis.

Keywords: Linac, Electron beam parameters, Monte Carlo simulation, Statistical method, Multivariate analysis, Machine 

learning
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Prediction of Organs at Risks’ Dose Volume Histogram 
In Volumetric Modulated Arc Therapy for Nasopharynx 
Cancer Using Machine Learning

Yeong-bi Kim, Sang Gyu Ju, Yong Chan Ahn

Department of Radiation Oncology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: Dose volume histogram (DVH) prediction models for organ at risks were developed for nasopharynx cancer 

volumetric modulated arc therapy (VMAT). 

Methods: The DVHs for brainstem, spinal cord, right parotid gland, left parotid gland, and esophagus were obtained 

from VMAT plans for 40 nasopharyngeal cancer patients. For each patient, the anatomical structures between the target 

and the organ at risks were characterized by using overlap volume histogram (OVH). Principal component analysis was ap-

plied to reduce dimensions of DVHs and OVHs. The DVH prediction models were developed by training an artificial neural 

network to predict the principal components of DVH from the principal components of OVH. For artificial neural network 

training, 32 datasets were used. The DVH prediction models for brain stem, spinal cord, right parotid gland, left parotid 

gland, and esophagus were tested with 8 datasets.

Results: In most organ at risks, predicted DVHs were in good agreement with the original DVHs, no significant statistical 

differences in dosimetric characteristics (P-value>0.05). However, there was room for improvement VMAT plan when the 

predicted DVHs of the parotid gland were lower in mean dose than the original DVHs. By re-optimization of VMAT plan 

with dose constraints based on predicted dose value, new DVHs that matched the predicted DVHs for parotid gland were 

obtained.

Conclusions: In this study, DVH prediction models for organ at risks in nasopharynx cancer VMAT were developed and 

evaluation results matched well with the original DVHs. The DVH prediction models could improve plan quality by predict-

ing patient specific DVHs from individual patient anatomic features. The predicted DVHs could be used for treatment plan 

quality assurance and best treatment plan suggestion.

Keywords: Dose volume histogram, Volumetric modulated arc therapy, Nasopharynx cancer, Machine learning
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T1 Standard Brain Template for Alzheimer Disease

Xiao-Yi Guo1, Yunjung Chang2, Yehee Kim2, Geon-Ho Jahng3

1Department of Medicine, Graduate School, Kyung Hee University, Seoul, Korea
2Department of Biomedical Engineering, Undergraduate School, College of Electronics and Information, Kyung Hee University, Yongin, Korea 
3Department of Radiology, Kyung Hee University Hospital at Gangdong, College of Medicine, Kyung Hee University, Seoul, Korea

Purpose: Patients with Alzheimer disease (AD) and mild cognitive impairment (MCI) have high variability in brain tissue 

loss, making it difficult to use a disease-specific standard brain template. The objective of this study was to develop an AD-

specific three-dimensional (3D) T1 brain tissue template and to evaluate the characteristics of the populations used to form 

the template.

Methods: We obtained 3D T1-weighted images from 294 individuals, including 101 AD, 96 amnestic MCI, and 97 cogni-

tively normal (CN) elderly individuals, and segmented them into different brain tissues to generate AD-specific brain tissue 

templates. We used the following programs: computational anatomy toolbox (CAT12) tool to segment and spatially nor-

malize the individual 3D T1W images, DARTEL tool in SPM12 to create the AD-specific brain template, Template-O-Matic 

tool to create the TPM considering age and sex Demographic data and clinical outcome scores. Voxel-based analyses and 

regions-of-interest-based analyses were performed to compare gray matter volume (GMV) and white matter volume (WMV) 

between the three participant groups and to evaluate the relationship of GMV and WMV loss with age, years of education, 

and Mini-Mental State Examination (MMSE) scores.

Results: In the AD and MCI groups, losses of both GMV and WMV were found with respect to the CN group in the hip-

pocampus. Both GMV and WMV were lower with increasing age in the CN, MCI, and AD groups in the left hippocampus. 

In the left hippocampus, GMV was positively correlated with years of education in the CN groups, but not in the MCI or 

AD groups. WMV of the corpus callosum was not significantly correlated with years of education in any of the three subject 

groups. In the MCI and AD groups, GMV of the hippocampus was significantly correlated with MMSE scores, while WMV of 

the corpus callosum showed a weak correlation. 

Conclusions: An AD-specific 3DT1 brain tissue template was created considering the participants’ age, sex, and years of 

education. Our disease-specific template can help evaluate brains to promote early diagnosis of MCI individuals and aid 

treatment of MCI and AD individuals.

Keywords: Alzheimer disease, Standard brain template, Gray and white matter volume, Age, Years of education
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Justification of PET-CT for the Detection of Colorectal 
Cancer: A Preliminary Study

Haejun Lee, Kyung Hoon Hwang

Department of Nuclear Medicine, Gil Medical Center, Gachon University College of Medicine, Incheon, Korea

Purpose: This study was to assess the justification of PET-CT examinations for the detection of colorectal cancer from the 

data of the patients who showed incidental F-18 FDG uptake on PET-CT for the staging or follow-up of other cancers.

Methods: Twenty-five patients who underwent F-18 FDG PET-CT for the diagnosis or follow-up of other cancers unre-

lated to the colorectal cancer and showed abnormal FDG uptake suspicious for the colorectal cancer were investigated ret-

rospectively. For them, final reports of pathology as well as the follow-up medical records and other imaging reports were 

reviewed. 

Results: In 25 patients who demonstrated focal hypermetabolism in the colorectal areas of F-18 FDG PET-CT images, 21 

patients were confirmed. Ten patients were diagnosed with the colorectal cancers (malignancy rate of 47.6%), nine patients 

had premalignant colorectal Lesions (premalignancy rate of 42.9%). Overall, nineteen patients were diagnosed as malig-

nant or premalignant diseases (positive result rate of 90.5).

Conclusions: From the high positive rate of malignant/premalignant colorectal Lesions in the patients with the inciden-

tal colorectal F-18 FDG uptake in the PET-CT, it may be suggested that the radiation exposure by the F-18 FDG PET-CT for 

the surveillance of colorectal cancer could be justified in the people with high risk of developing colorectal cancer. Further 

study with larger patients might be guaranteed.

Keywords: Justification, F-18 FDG, PET, Incidental detection, Colorectal cancer
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Monte Carlo Simulation for Image Analysis and Image 
Quality Improvement in Portal Imaging System

Kentaro Saguchi, Atsushi Myojoyama

Graduate School of Human Health Science, Tokyo Metropolitan University, Tokyo, Japan

Purpose: Since portal images used in radiotherapy are affected by scattered radiation, low image quality can be a prob-

lem. By using Monte Carlo simulation to collect photon scattering behavior data during arbitrary object imaging, image 

analysis and image quality improvement can be achieved. Therefore, we have developed a program that can collect photon 

scattering behavior data.

Methods: The kV imaging system (XVI) of Elekta Versa HD was simulated by Geant4. The source model was a point 

source, and the energy spectrum was reproduced. A PMMA cylindrical phantom was used as the arbitrary object that was 

the scatterer. The transmitted photon results were obtained by integrating the absorbed dose in the scintillator layer of the 

detector. The scattering data was programmed to retrieve the kinetic energy, scattering position, and scattering direction 

of the photons at the interaction point. Actual measurements were made with the same geometry as in the simulation, and 

the results were compared.

Results: In the measured profile, there was a little shift in the x-direction compared to the simulation, and the shift was 

caused by the movement of the detector position at each gantry angle. We can see that the detector has moved 4.22 pixels 

in the negative x direction. After correcting for this shift and comparing with the simulation results, the graph shows that 

the profiles are almost identical. Although it is necessary to correct the displacement of the detector for each gantry angle, it 

can be said that we were able to construct a simulation program that is accurate to the actual measurement.

Conclusions: We have developed the program that simulates the detail of photon scattering . In the future work, we plan 

to use this program to collect data in various geometries to improve the image quality of XVI.

Keywords: Monte Carlo simulation, Portal images, Geant4
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A Fast Digitally Reconstructed Radiograph Generation 
Method without Ray Tracing for Patient Positioning

Yukinobu Sakata1, Kenta Umene1, Ryusuke Hirai1, Akiyuki Tanizawa1, Shinichiro Mori2

1Corporate Research and Development Center, Toshiba Corporation, Chiba, Japan
2Institute of Quantum Medical Sciences, Dept. of Accelerator and Medical Physics, National Institutes for Quantum and Radiological 
Science and Technology, Chiba, Japan

Purpose: In radiotherapy, patient positioning is performed by comparing the fluoroscopic image and the digitally re-

constructed radiography (DRR) generated from the planning CT. The patient position is estimated from the planning CT 

position where the error between the DRR and the fluoroscopic image is minimized, and is searched by iterative calcula-

tion. Hence, reducing the computational cost of DRR generation can reduce the time required for patient positioning and 

therefore improve treatment throughput. In this paper we developed a fast DRR generation method to reduce the patient 

positioning time.

Methods: A typical method for generating DRRs computes pixel values by integrating the CT voxel values on the ray, 

namely ray tracing. Therefore, when the resolution of DRR is increased, multiple rays pass through a single CT voxel, result-

ing in more CT voxels being referenced, which increases the computational cost. To solve this problem, first the projected 

image of each CT voxel projected on the DRR is generated, and then they are overlaid to generate the DRR, thereby reduc-

ing the number of references to CT voxels. In addition, the projection image generated from a single CT voxel is converted 

by a two-dimensional transformation to approximate the projection image of other CT voxels, thereby reducing the com-

putational cost of projection image generation. The positioning error and computation time of the proposed method were 

compared with those of the typical method by using a head phantom for patient positioning. The average positioning er-

ror and computation time were evaluated by positioning 100 times from random CT position. The computer used was an 

Intel®CoreTM i7-8700K CPU @ 3.70 GHz.

Results: For the head phantom study, our proposed method achieves a comparable precision/accuracy as that of using 

the ray tracing DRR generation, and can reduce the average computation time from 27.46 (±5.06) seconds to 15.62 (±3.20) 

seconds. The Euclidian distance is used for the patient positioning error.

Conclusions: We proposed a fast DRR generation method without raytracing for patient positioning. By using our meth-

od, computation time of the patient positioning was reduced with the same positioning accuracy as that of the DRR genera-

tion by ray tracing.

Keywords: Patient positioning, Fast DRR generation
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Fig. 1. (a) Compute DRR pixel values by integrating the CT voxel values on the ray (ray tracing) (b). The projected image of each CT voxel 
projected on the DRR is generated, and then they are overlaid to generate the DRR.

Fig. 2. DRR generated by each method.
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Data Augmentation of 4DCT Dataset Based on Principal 
Component Analysis of Deformation Vector Field

Suzuka Asano1, Seishin Takao2,3, Koichi Miyazaki2, Kohei Yokokawa3, Taeko Matsuura2,3, Hiroshi Taguchi4, 
Norio Katoh5, Hidefumi Aoyama5, Kikuo Umegaki2, Naoki Miyamoto2,3,

1Graduate School of Engineering, Hokkaido University, Sapporo, Japan
2Faculty of Engineering, Hokkaido University, Sapporo, Japan
3Department of Medical Physics, Hokkaido University Hospital, Sapporo, Japan
4Department of Radiation Oncology, Hokkaido University Hospital, Sapporo, Japan
5Faculty of Medicine, Hokkaido University, Sapporo, Japan

Purpose: Respiratory-induced tumor motion gives dosimetric uncertainty in thoracic/abdominal region in radiation 

therapy. To address this issue, a method to synthesize the volumetric images from fluoroscopic images based on convolu-

tional neural network (CNN), which is trained with the 4DCT dataset acquired for treatment planning, has been studied. 

However, when the tumor motion during treatment exceeds that of the training data, the image synthetic error may be 

increased. In this study, we propose a technique for data augmentation of 4DCT dataset based on principal component 

analysis (PCA) of deformation vector field (DVF). The effectiveness of data augmentation was evaluated by image synthesis 

accuracy in markerless volume imaging using CNN.

Methods: In the first step, the DVFs are evaluated for each CT data of 4DCT relative to the exhale phase CT as reference. 

Then, eigenvalues and eigenvectors of DVFs are derived by PCA. We assumed that any possible internal deformation can 

be represented by sum of the three eigenvectors scaled by appropriate coefficient. By sampling the coefficients with appro-

priate range and applying new DVFs to the reference image, the CT dataset of which motion exceeds that of original dataset 

can be generated. In this way, the number of CT dataset for CNN training can be increased. In this study, we evaluate the 

effectiveness of data augmentation in volumetric imaging technique using the CNN that takes X-ray fluoroscopic images as 

input and outputs PCA coefficients. Image estimation accuracy was evaluated with patient 4DCT data. We compared syn-

thetic accuracy of the images generated by CNN trained with the augmented dataset of which motion exceeds the original 

dataset and was within the original dataset. Image synthetic accuracy was defined as the root mean squared error. 

Results: The image synthetic accuracy in the CNN trained with augmented dataset was about 110 HU and that trained 

with original dataset was about 150 HU in inhale phase. In addition, the accuracy was improved by augmentation of the 

training data using PCA when the motion was larger than the reference data. 

Conclusions: The results showed the feasibility of data augmentation of 4DCT dataset based on PCA of DVF.

Keywords: Data augmentation, Principal component analysis, Deformation vector field, Deep learning, Real-time imag-

ing

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

EP-011



Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 
Poster Session

Copyright ©  2021 Korean Society of Medical Physics

S171

Prediction of Internal Markers’ Position with Deep 
Learning in Real-Time Tumor-Tracking Radiotherapy

Yuta Aoyama1, Seishin Takao2,3, Koichi Miyazaki3, Kohei Yokokawa3, Taeko Matsuura2,3, Hiroshi Taguchi4, 
Norio Katoh5, Hidefumi Aoyama5, Kikuo Umegaki3, Naoki Miyamoto2,3

1Graduate School of Biomedical Science and Engineering, Hokkaido University, Sapporo, Japan 
2Faculty of Engineering, Hokkaido University, Sapporo, Japan
3Department of Medical Physics, Hokkaido University Hospital, Sapporo, Japan
4Department of Radiation Oncology, Hokkaido University Hospital, Sapporo, Japan
5Faculty of Medicine, Hokkaido University, Sapporo, Japan

Purpose: In real-time tumor-tracking radiotherapy, in order to accurately determine the location of a tumor, a marker 

implanted near the patient’s tumor is monitored from two orthogonal directions, typically at a frame rate of 15 Hz, and 

treatment beam is irradiated only when the marker is located within ±2 mm cubic region of the pre-planned marker loca-

tion (which is called as gate region). In this study, we introduce the LSTM (Long-Short Term Memory) method to predict 

the future position of the marker so as to reduce the amount of radiation exposure from fluoroscopy during radiotherapy 

while maintaining the comparative irradiation accuracy with current clinical performance.

Methods: In this study, we created an LSTM prediction model by training three-dimensional marker trajectory dataset 

obtained from 65 lung cancer patients. Then, prediction model was validated with the trajectory dataset, which were not 

used for the training and obtained from same 65 patients. We have evaluated prediction error, correctness rate of the irradi-

ation timing and positional accuracy of gating irradiation. Prediction error was defined as the mean absolute error between 

the actual marker position and predicted position. Correctness rate was defined as the ratio of the predicted irradiation 

timing to ideal irradiation timing. Positional accuracy of gating irradiation was defined as discrepancy between the marker 

and the center of the gate region at the timing when irradiation was performed by the prediction.

Results: By using the LSTM method, the prediction error, the correctness of the irradiation timing and the positional ac-

curacy of gating irradiation in the validation of 65 patients dataset assuming a frame rate of 4 Hz were 0.98±0.60 mm, 88.5% 

and 1.58±0.56 mm, respectively. Clinically applicable accuracy could be achievable while reducing the imaging dose by us-

ing LSTM.

Conclusions: Prediction of marker position using the LSTM method is expected to enable treatment at a lower frame rate 

than the current method, thereby reducing the imaging dose to the patient.

Keywords: Deep learning, Treatment
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Examination of the Material Used for Inner Type 
Radiological Protection Clothes

Hiroki Ohtani, Mizuki Kozakai, Ibiki Nogami, Tsubasa Nakajima, Rina Masaki, Risa Namatame,  
Reina Kurihara

Department of Radiological Technology, Teikyo University, Tokyo, Japan

Purpose: As for the protective clothes to medical radiation, a lead protector is used. However, when a leaden material 

is used for a long time, there is fatigue of a user according to weight being heavy. Various infection is feared by repeating 

and using the same protective clothes. This research directs toward development of the protective clothes of the inner type 

which each of a user can occupy. This purpose is to examine the material of protection with the possibility of use.

Methods: One of the conditions as inner type protective clothes which can be used individually is cheap. The acrylics 

paints paint a T-shirt etc. were used. The powder of barium sulfate and copper was added to acrylics paints, and it was 

made the protection material. The weight percentage to acrylics paints was exchanged and the material was created. The 

protection material was applied to the cloth which made cotton the main ingredients, and it was made to fully dry. The 

fluoroscopy X-rays of the keV order were used as radiation to shield. In addition, the beta ray from 90-Sr and the gamma ray 

from 137-Cs were used. The Geiger-Muller counter which had directivity by the shield was used for the measuring instru-

ment. 

Results: The big protective effect was not acquired in the case where fluoroscopy X-rays are irradiated directly. A protec-

tive effect will not be acquired if energy and an exposure dose are large. The protective effect to the gamma ray of 137-Cs 

was low. However, the beta ray of 90-Sr was shielded, and when weight percentage became high, the protective effect in-

creased. Copper protection efficiency increased from the protection efficiency of barium sulfate. 

Conclusions: The material used for inner type protective clothes was examined. Although protection efficiency changed 

with weight percentage of a material, since the feeling of use differs as inner type protective clothes referring to skin, selec-

tion of weight percentage is needed. Inner type protective clothes are sanitary, and excellent in cost performance with indi-

vidual use, and useful for medical radiological protection.

Keywords: Radiological protection clothes, Dosimetry, Fluoroscopy, Scatter
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Analysis of Variations in Respiratory Tumor Motion 
during Lung SBRT by Continuous Wavelet Transform

Changmin Park1, Seishin Takao2,3, Koichi Miyazaki2, Kohei Yokokawa3, Taeko Matsuura2,3, Hiroshi Taguchi4, 
Norio Katoh5, Hidefumi Aoyama5, Kikuo Umegaki2, Naoki Miyamoto2,3

1Graduate School of Engineering, Hokkaido University, Sapporo, Japan
2Faculty of Engineering, Hokkaido University, Sapporo, Japan
3Department of Medical Physics, Hokkaido University Hospital, Sapporo, Japan
4Department of Radiation Oncology, Hokkaido University Hospital, Sapporo, Japan
5Faculty of Medicine, Hokkaido University, Sapporo, Japan

Purpose: The degree of changes in the amplitude and period of respiratory motion of the tumor in thoracic and abdomi-

nal region during radiation therapy is one of the important information in treatment planning strategy to optimize the 

target margins. In this study, Continuous Wavelet Transform (CWT) which can be utilized for time-frequency analysis of 

signals was applied to evaluate possible variations of amplitude and period in respiratory motion.

Methods: Three-dimensional trajectory data of internal markers inserted near the lung tumor was assumed to be the 

tumor motion. The datasets were obtained from 92 patients who underwent lung stereotactic body radiation therapy with 

four fractions with real-time tumor-tracking technique. The datasets were recorded at 20 or 30 frames per second. By apply-

ing CWT to the time series trajectory data of internal markers, time-frequency spectrum, called scalogram, can be derived. 

Time transition of the principal frequency having maximum amplitude can be visualized in scalogram. In this study, maxi-

mum amplitude and corresponding frequency, period, in the scalogram at each time were defined as Amain and Pmain, 

respectively. The 95% range of the distribution of Amain was defined as amplitude variation. Variation of respiratory period 

was also evaluated in the same manner.

Results: Median, minimum and maximum amplitude variations in 92 patients for each direction of left-right, superior-

inferior and anterior-posterior in the first fraction were 0.5 mm (ranging from 0.1 to 2.2 mm), 2.0 mm (0.1 to 8.0 mm) and 0.9 

mm (0.1 to 2.6 mm), respectively. Median of respiratory period variation was about 1.6 sec for each direction. There were 

no significant differences in the variations of amplitude and period between the fractions. When focusing on each patient 

assessment, there was a tendency to show the similar variations during the four fractions. Patients who showed significant 

variations in the first fraction continued their motion variations for the treatment course.

Conclusions: We have quantitatively analyzed the variations of respiratory tumor motion in lung by CWT. The results 

could be useful to consider the treatment strategy to the mobile tumors.

Keywords: Respiratory motion, Continuous wavelet transform, Inter/intra-fractional variation
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Investigation of Dose Rate Dependence of UVC 
Camera as a Semiconductor Detector

Musashi Kaneko, Atushi Myojoyama

Graduate School of Human Health Sciences, Tokyo Metropolitan University, Tokyo, Japan

Purpose: As high-precision radiotherapy has developed in recent years, there has been a growing demand for semicon-

ductor detectors that can measure steep dose gradients with high resolution. However, semiconductor detectors are expen-

sive and not readily available. The purpose of this study is to develop an inexpensive semiconductor detector using a UVC 

camera. In this study, the dose rate dependency of the UVC camera was investigated.

Methods: In this study, the measurement was used by Elekta Versa HD and Microsoft LifeCam HD-3000 (UVC camera). 

We measured the signal generated when a photon was incident on the camera by using the house made program. First, the 

histogram of luminance with dose rate change was obtained when the frame rate of the camera was fixed at 30 fps. Next, the 

same measurements were performed when the frame rate (fps) of the camera was changed from 15 to 30 fps.

Results: When the dose rate was varied, the highest number of counts was observed at 30 MU/min, and as the dose rate 

increased, the total number of counts gradually decreased. At 240 MU/min, the total number of counts decreased to about 

1/2 of that at 30 MU/min. The total number of counts was increased by lower fps than 30 fps. This is thought to be due to an 

increase in the number of electrons incident on a single pixel as the time per frame increased, causing the output to shift to 

higher brightness.

Conclusions: From this study, it was confirmed that the number of counts of the signal generated when the dose rate was 

changed. Therefore, it was suggested that it would be possible to measure the dose rate as well as the dose if the correction 

could be made. In addition, since the number of signal counts and the brightness of the signals also changed when the fps 

changed, it was found necessary to use the system with a fixed fps.

Keywords: Dose rate, UVC camera, Frame rate
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Compact Bunker Shielding Assessment for  
1.5 T MR-LINAC

Jiwon Sung, Yeonho Choi, Jun Won Kim, Ik Jae Lee, Ho Lee

Department of Radiation Oncology, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, Korea

Purpose: The purpose of this study was to evaluate the effect of 1.5 T magnetic field produced by MR- LINAC to leakage 

doses passing through the radiation shielding wall in our specific bunker.

Methods: 1.5T MR- LINAC Unity system was installed to our hospital for the first time in Korea. The bunker was con-

structed with the minimum bunker size recommended by the vendor. The bunker wall was designed considering the 

thickness of the shielding wall by separating the primary beam transmission and secondary beam leakage. Unlike the 

conventional LINAC, both primary beam transmission and secondary beam leakage were defined at the covers of the ma-

chine away from the isocenter. In addition, a specially designed extra shielding was taken into account because it had a lot 

of ducts for power, data, control, and hose pipes between treatment room and machine room. For the shielding evalua-

tion of the 1.5T MR-LINAC, which reflects the conditions different from the existing shielding design, leakage doses were 

measured at several locations including around specially designed duct. Besides, to verify whether the leakage dose was 

changed by the magnetic field, leakage doses were measured before and after ramping up the 1.5T magnetic field.

Results: Total leakage doses were measured from 0.13 uSv/week to 16.8 uSv/week, which satisfies the leakage dose limi-

tations proposed by National Council on Radiation Protection and Measurement (NCRP) 151. Although the maximum 

leakage dose was measured around the ducts, it was reduced to 5 time or less than before the special shielding design. The 

difference before and after applying 1.5 T was between –2.34 uSv/week and 0.98 uSv/week.

Conclusions: Despite the compact design, it was confirmed that the leakage dose passing through the shielding wall was 

under the dose limitations suggested by NCRP 151. Also, there was no significant difference in the leakage dose before and 

after the applying 1.5 T.

Keywords: MR-LINAC, Shielding wall, Leakage dose, 1.5T, Bunker

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

EP-016



Poster Session
Progress in Medical Physics  32(S2), September 2021

eISSN 2508-4453

PMP 

Copyright ©  2021 Korean Society of Medical Physics

S176

Study of kQ Factor Calculation at Clinical Proton Beam 
Condition Using Monte Carlo Simulation Method

Yong-Cheol Kwon, Se Byeong Lee, Hyon-Suk Jo, Wook-Geun Shin, Seonghoon Jeong, Seohyeon An, 
Sang-il Pak, Dongho Shin, Young Kyung Lim, Haksoo Kim, Jong Hwi Jeong, In Jung Kim, Chul-Young Yi

Proton Therapy Center, National Cancer Center, Goyang, Korea

Purpose: In proton radiotherapy, kQ is a factor which corrects for the difference in physical properties between the refer-

ence beam quality, 60Co gamma radiation, used for the calibration of the ionization chamber (PTW30013 farmer chamber) 

and the user beam quality used for patient treatment. Currently, the calculation method of the kQ factor of the proton beam 

according to the dosimetry protocol (IAEA TRS-398) is based on practical range (Rp) and the middle of SOBP (Spread Out 

Bragg Peak) of the proton beam regardless of the beam range.

Methods: In this study, in order to confirm the dependence of kQ factor on Rp, the kQ factor of a proton beam with a SOBP 

width of 5 g/cm2 and a range of 15 g/cm2 and a proton beam with a SOBP width of 5 g/cm2 and a range of 20 g/cm2 was 

calculated. In addition, it was checked whether the kQ factor could be applied equally to the solid phantom of various ma-

terials used in clinical practice rather than the standard water phantom. The solid phantom materials used in the study are 

PMMA and RW3.

Results: As a result, all beam quality correction factors calculated under different beam conditions were within the error 

range of the values suggested by TRS-398.

Conclusions: however observed variation as a position function indicates that precise measurements may be required to 

calculate the exact dose.

Keywords: Proton dosimetry, Beam quality correction factor, Monte carlo, TOPAS, TRS-398

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

EP-017



Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 
Poster Session

Copyright ©  2021 Korean Society of Medical Physics

S177

A Study of Secondary Cancer Risk Evaluation and Dose 
Calculation Difference Using Tissue Density Correction 
in Image-Guided Brachytherapy for Cervical Cancer

Dong-Jin Kang1, Young-Joo Shin1, Jae-Yong Jung1, Boram Lee2

1Department of Radiation Oncology, Inje University Sanggye Paik Hospital, Seoul, Korea
2Department of Radiation Oncology, Samsung Medical Center, Seoul, Korea

Purpose: The purpose of this study is to evaluate the dose difference and secondary cancer risk according to tissue den-

sity and effect of applicator mislocation in 3D IGBT of cervical cancer patients through Monte Carlo simulation.

Methods: We randomly selected patient’s CT images and compared with the results of the existing water-based dose cal-

culation system and dose calculation results applied with corrected tissue density. The selected patient’s image data was 

converted to be displayed in the Monte Carlo simulation. The converted data is image-processed using MATLAB and then 

divided into three stages. Based on the three image data and the planned dwell time and position of the source, the organ 

dose was calculated using Monte Carlo simulation. Secondary cancer risk was evaluated based on the organ dose. In order 

to evaluate the possibility of setup error of applicator, the dose difference due to mislocation was compared.

Results: The result of dose calculation using CT data corrected for tissue density showed a maximum value of about 25% 

higher than that of the water-based dose calculation method. Femur was measured partially higher compared to water-

based dose calculation method. In the case of the bladder, EAR was relatively low, and EAR difference according to each 

CT data was not large. In the case of the rectum, the dose calculation method considering tissue density showed lower EAR 

compared to the water-based dose calculation method. In the case of the femur, the water-based dose calculation method 

showed the lowest EAR and the dose calculation method considering tissue density was relatively high by about 10%. In the 

case of 20 mm mislocation in the Z axis, a maximum dose variation of 14% was observed. 

Conclusions: We evaluate the dose difference and secondary cancer risk according to tissue density and effect of ap-

plicator mislocation in image guided brachytherapy of cervical cancer. Based on the this study results, improving the dose 

verification program applying Monte Carlo simulation and automating the interface with brachytherapy planning system, 

the dose verification process of the brachytherapy plan can be efficiently performed.

Keywords: Monte carlo, IGBT, Applicator, EAR, Mislocation

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

EP-018



Poster SessionS178

www.ksmp.or.kr

�
Fig. 1. The imported CT data of patient used GATE Monte Carlo system.

Fig. 2. Three images constructed to check the difference in dose according to the type of image. (Lt : original image data [tissue density 
based CT data], Mid : image data correcting the density of the applicator to the tissue [tissue density based & modified CT data], Rt : image 
replaced by HU value corresponding to water [water-based CT data]).
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Fig. 3. Result of dose calculation through monte carlo simulation (upper - Lt : transverse, Mid : coronal, Rt. Sagittal, lower – Lt : original 
image data, Mid : image data correcting the density of the applicator to the tissue, Rt : image replaced by HU value corresponding to 
water).
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Fig. 4. Result of vertical profile at the central axis for Monte 
Carlo simulation.
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Fig. 5. Result of applicator setup error.
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Impact of Multi-Leaf Collimator Position Error on Dose 
Calculation According to Different Types of Multi-Leaf 
Collimators

Sang Hoon Jung, Sung Jin Kim

Department of Radiation Oncology, Samsung Medical Center, Seoul, Korea

Purpose: Positional accuracy of multi-leaf collimator (MLC) is important for assurance of accurate radiation treatment in 

intensity modulated radiotherapy and volumetric arc radiotherapy. We evaluated the impact of MLC position error on dose 

calculation according to different types of MLC.

Methods: The dosimetric leaf gap (DLG) plans provided by the manufacture for HD120, M120, and SX2 equipped on 

TrueBeam, VitalBeam and Halcyon (Varian Medical Systems, USA), respectively, were used. Three-dimensional doses were 

calculated for the fields of 6 MV FFF with the sweeping gaps. The treatment plans with the intended positional errors from 

–0.75 mm to 1 mm with step of 0.25 mm were generated by using an in-house software. The doses were calculated repeat-

ably using AXB in Eclipse ver. 16.1. The measured DLGs of 0.375 mm and 1.362 mm for HD120 and M120, respectively, 

were used in dose calculation. However, although 0.386 mm were obtained for SX2, DLG of 0.1 mm was used. The point 

dose at depth of 10 cm were compared with the point doses for the plans with the intended errors.

Results: The largest discrepancies was observed for dose from the smallest sweeping gap of 2 mm for SX2. For the 

HD120, the discrepancy rates were calculated to be 5.8%, 3.7%, 2.7%, 1.7%, 1.3%, 1.1%, and 0.9% per 0.1 mm for the sweep-

ing gaps of 2 mm, 4 mm, 6 mm, 14 mm, 16 mm, and 20 mm, respectively. For the M120, the discrepancy rates were calcu-

lated to be 4.1%, 2.9%, 2.3%, 1.6%, 1.2%, 1.1%, and 0.9% per 0.1 mm, and calculated to be 7.0%, 4.1%, 2.9%, 1.8%, 1.4%, 1.2%, 

1.0% per 0.1 mm for the SX2. 

Conclusions: The dosimetric discrepancy for the simple DLG plan was calculated at the specific point, and the impact of 

the MLC position error on dose calculation according to the types of MLC were evaluated to be larger dosimetric discrep-

ancy in the order of SX2, HD120, and M120.

Acknowledgments: This study has supported by the National Research Foundation of Korea (NRF) grant funded by the 

Ministry of Science and ICT (NRF-2018R1C1B6006273).

Keywords: HD120, M120, SX2, Volumetric arc radiotherapy
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Study of Relative Output and Profile for Small Field 
Wobbling Proton Therapy

Sung Hwan Ahn, Kwangzoo Chung, Sungkoo Cho, Kwanghyun Jo, Heesoon Sheen, Eun Hyuk Shin,  
Woojin Lee, Yoonjin Oh, Mincheol Ko, Juhye Kim, Youngyih Han

Department of Radiation Oncology, Samsung Medical Center, Seoul, Korea

Purpose: The small field proton beam has difficulty in accurate dose calculation and measurement due to dosimetric 

disequilibrium, which results from Multiple Coulomb Scattering (MCS). In this study, to confirm the effect of small field 

wobbling proton beam, small size apertures were produced and the relative output and profile was measured at each ener-

gies.

Methods: Proton energy, 70 MeV, 110 MeV, 150 MeV, 190 MeV, and 230 MeV Wobbling beams were measured using an 

aperture of sizes 1×1cm2, 2×2 cm2, 3×3 cm2, and the output values and profiles were compared based on the 5×5 cm2 aper-

ture measurement. The beam was generated using 2 cm ridge filter under the small wobbling radius condition, and a Pin-

point 3D Chamber having a nominal sensitive volume of 0.016 cm3 was used for output measurement in Water Phantom 

and EBT3 film was used for profile. 

Results: Relative output decreased as the aperture size became smaller, and the small field effect was greater as the beam 

energy increased. In 70 MeV energy and aperture sizes 1×1 cm2, 2×2 cm2, and 3×3 cm2, relative output were 0.956, 1.0, and 

1.0, respectively, whereas at 230 MeV they were measured as 0.314, 0.766, and 0.939, in addition, beam profile was mea-

sured at the middle of SOBP (Spread-Out Bragg Peaks) of each energies.

Conclusions: In this study, it was confirmed that the small field relative output was decreased as the beam energy and 

range increased, and decreased as the aperture size decreased. This measurement results will be compared to check the 

accuracy of the treatment planning system in the future.

Acknowledgments: This work was supported by the National Research Foundation of Korea (NRF) grant funded by the 

Korea government (MSIT) (NRF-2019R1F1A1063910, NRF-2021R1F1A1063383).

Keywords: Proton therapy, Wobbling, Small field, Small field relative output
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Development of Real-Time 3D Dose Distribution 
Measurement System Using Multiple Projection 
Method for Dynamic Phosphor Screen

Minsik Lee1, Jungwon Kwak2

1Department of Radiation Oncology, Kangwon National University Hospital, Chuncheon, Korea
2Department of Radiation Oncology, Asan Medical Center, Seoul, Korea

Purpose: Accurate dose verification and patient specific quality assurance (PSQA) are becoming more important. Espe-

cially, in particle radiation therapy it is necessary to verify the 3D dose distribution before the treatment. None of the pres-

ent systems support 3D real-time analysis with sufficiently high spatial resolution to detect and resolve delivery problems 

associated with a PSQA measurement. In this study, we developed the real-time 3d dose distribution measurement and 

verification system for PSQA using multiple projection method of the dynamic phosphor screen.

Methods: The system consists of a cylindrical acrylic phantom with embedded phosphor screen, a CCD camera and a 

computer controlled motor for rotating the phantom (Fig. 1). Converted light through the phosphor plate was acquired by 

two cameras. Optical grease was applied to prevent the diffuse reflection, when inserting the phosphor plate between the 

acrylic phantom. Whole system was covered with a dark sheet, in a real experiment and it was tested with 10 cm square 

field 6 MV photons. Before the 3D reconstruction, geometric distortion (optic system, lens) were corrected using a checker-

board image. The 3D dose distribution was reconstructed using the parallel beam algorithm with acquired image sets from 

two cameras and rotation angle data.

Results: Diffuse reflection according to the angle was observed, becasue the light converted via the phosphor plate came 

out through the cylindrical phantom. Accordingly, there were slight limitations in the available rotation angles for 3D re-

construction. Figure 2 shows the available angular range which the image can be obtained from the rotated phantom in the 

current system and the acquired images from the various angles. The images from the unavailable angles can be obtained 

from another camera. Therefore, images acquired from two cameras are selectively used depending on the angle for recon-

struction (Fig. 3).

Conclusions: We proposed 3D dose verification system using the multiple projection of the dynamic phosphor screen. 

This method has advantages in terms of accuracy, efficiency, reproducibility, and originality because it is possible to ob-

tain a 3D dose distribution for PSQA and mecahnical QA in real time, and there is no additional cost once the system is in-

stalled.

Keywords: PSQA, Phosphor screen, 3D reconstruction
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Fig. 1. The geometric diagram of the proposed QA system (up) and the setups for the test (bottom) with rotation phantom and two CCD 
cameras.
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Fig. 2. (Left) The shaded area indicated the available angular range which the image can be obtained from the rotated phantom in the 
current system. (Right) Acquired images from each rotation angle.
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Performance Improvement of Gamma Electron Vertex 
Imaging System for Application to Pencil Beam 
Scanning Proton Therapy

Sung Hun Kim1, Jong Hwi Jeong1, Youngmo Ku2, Jaerin Jung2, Chan Hyeong Kim2, Kwanghyun Jo3, 
Sungkoo Cho3

1National Cancer Center, Goyang, Korea 
2Department of Nuclear Engineering, Hanyang University, Seoul, Korea 
3Department of Radiation Oncology, Samsung Medical Center, Seoul, Korea

Purpose: Proton therapy is considered as a superior treatment modality due mainly to the highly steep distal dose pen-

umbra at the end of proton range. Proton range, however, is sensitive to range uncertainties which consequently makes 

prediction of actual range in patient difficult. To reduce the range uncertainty, a prompt gamma (PG) imaging system, 

called gamma electron vertex imaging (GEVI), has been developed. Recently, a proof-of-principle GEVI system was devel-

oped but had some limitations on its application to pencil beam scanning (PBS) proton therapy. In the present study, the 

GEVI system was upgraded to overcome the limitations and improve its performance.

Methods: The GEVI system consists of an electron-converter, two hodoscopes, and a calorimeter; in which PGs are converted 

to electrons via electron-converter and traced using the other detectors, thereby determining PG-vertices. In clinical environ-

ments of PBS, however, the GEVI system could not accurately discriminate PG-vertices because multiple electrons interact in the 

hodoscopes simultaneously due to high dose rate. Additionally, the system could not obtain PG distribution for every individual 

proton spots because each spot-irradiating-time is only a few milliseconds. In this study, signal processing for the hodoscopes 

was improved by optimizing readout system. Furthermore, data acquisition (DAQ) was also improved to be triggered by beam-

on signals which are generated only during spot irradiations. The performance improvement was evaluated for both experiments 

and simulations using therapeutic proton beams at Samsung Medical Center, Korea and Geant4, respectively.

Results: The number of multiple electron interactions in the hodoscopes was reduced to about half: from 2.24 to 1.32 in 

average of two hodoscopes. Consequently, effective PG-vertices could be well discriminated, thereby increasing proportion 

of true PG-vertices for about three times: from 20% to 58%. Furthermore, imaging efficiency was 2.2 times better especially 

within proton position uncertainty (3σ).

Conclusions: The GEVI system was upgraded for its application into PBS proton therapy by optimizing hodoscopes’ 

readout system to accurately determine PG-vertices and by developing DAQ system to automatically obtain individual PG 

profiles of proton spots. Our results showed better performance than the proof-of-principle system. Further study will be 

performed for range-shift verification in PBS treatments.

Keywords: Proton therapy, Pencil beam scanning proton therapy, In-vivo range verification, Prompt gamma imaging, 

Gamma electron vertex imaging
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Study on the Electrical Properties of the Compound 
of Ercuric Iodide and Oxide Material for Digital X-ray 
Detector

Gyu-Seok Cho, Kyo Tae kim, Sang Hyoun Choi, Geun-Beom Kim, Kum Bae Kim

Team of Radiological Physics & Engineering, Korea Institute of Radiological & Medical Sciences, Seoul, Korea

Purpose: As a photoconductive material with a high X-ray sensitivity, many researches about Mercury iodide has been 

carried out to substitute for amorphous Selenium. However, it has many limitations in commercialization because of the 

high leakage current. In this study, we fabricated HgI2 unit-cells with mixed silicon oxide (SiO2) and titanium oxide (TiO2) 

to reduce a high leakage current and we evaluated an electrical properties of the fabricated unit-cells.

Methods: In order to compare and analyze the electrical characteristics of mercury iodide mixed with titanium dioxide 

and silicon dioxide in specific ratios, each unit cell was treated with a Particle-In-Binder (PIB) method using a poly-vinyl 

butyral (PVB), respectively. A transparent glass substrate on which ITO was deposited as a lower electrode was vapor-de-

posited with mercury iodide mixed with mercury iodide, titanium dioxide and silicon dioxide in a specific ratio of 3×3 cm2, 

dried at 70°C. for about 6 hours, ITO electrodes were deposited using sputtering. The thickness of the deposited photocon-

ductor was about 250 to 300 μm in consideration of the low power of the material.

Results: In order to analyze the electrical properties of the fabricated mercury iodide, mercuric iodide-silicon dioxide, 

and mercuric iodide-titanium dioxide unit-cell, the leakage current and X-ray sensitivity were measured according to the 

electric field. Measurements were taken in the dark room to detect signals that only responded to X-rays. Ionization Cham-

ber 2060 (Radcal Corp.) was used to confirm the irradiated X-ray dose.

Conclusions: As a result, we confirmed that both mixtures were effective in reducing the leakage current of the HgI2 and 

X-ray sensitivity were significantly increased in fabricated HgI2-TiO2 unit-cell.

Keywords: Mercuric iodide, Photoconductor, Titanium oxide, Silicon oxide, Digital X-ray detector
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Development and Validation of a 300 Kilovoltage 
Radiation Treatment System for Companion Animals: 
LEP-300

Na Hye Kwon1, Dong Oh Shin2, Dong Ho Shin3, Hyeon Tae Kyeong4, Dae Woon Kim4, Weon Kuu Chung5, 
Eun Jeong Heo6, Jin Sung Kim1, Dong Wook Kim1

1Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, Korea
2Department of Radiation Oncology, Kyung Hee University Hospital, Seoul, Korea
3Proton Therapy Center, National Cancer Center, Goyang, Korea
4Research Institute, AURACARE, Yongin, Korea
5Department of Oncology, Kyung Hee University Hospital at Gangdong, Seoul, Korea
6Department of Radiation Oncology, Korea University College of Medicine, Seoul, Korea

Purpose: LEP 300 is the prototype of kilovoltage radiation treatment system for companion animals. We conducted vali-

dation test for system and commissioning the beam data with the planning system. 

Methods: We checked the mechanical functionality of the system: Accuracy of Gantry angle, and Accuracy of couch 

angle, Iso center check, Asymmetry check, Field size, Laser alignment. We used digital inclinometer protractor, Garchromic 

EBT3 film and for film analysis, used DoseLab software. For beam commissioning, we conducted measurement: Output, 

Output factor, Percent Depth Dose (PDD), Scattering factor (Scp, Sc factor), Beam profile (Flatness and Symmetry). Radia-

tion beam condition was set as 300 kV, 14 mA. We used farmer chamber, parallel plate chamber and Matrixx 2D array de-

tector. All measurements were validated with the CorePLAN RTP software. 

Results: All the mechanical results were confirmed that within tolerance for criteria in LINAC given by Varian. For beam 

measurement result, we confirmed the output factors decreased as the field size decrease. The symmetry was 0.22% in in-

line, 0.19% in the crossline direction in the field of 10×10 cm2 at 2 cm depth. And the flatness was 6.09%, 5.17% for inline and 

crossline direction, respectively. The full width half maximum was 10.62 cm for inline direction and 10.75 cm for crossline 

direction. The output of the beam was 1.295 Gy/min at 2 cm depth. As a result of comparing the RTP System and measured 

data, the difference of PDD data was –2.45±1.83%, and the difference of profile data was under ±1%.

Conclusions: This study evaluated the mechanical accuracy and uniformity of the dose distribution of the 300 kV radia-

tion treatment system for companion animals. The flatness was increased as the measurement point was deeper, because 

of absence of flattening filter.

Acknowledgments: This study supported by the Nuclear Safety and Security Commission (2003013) and a National Re-

search Foundation (2018R1D1A1B07050217).

Keywords: Kilovoltage, Companion animal, Radiotherapy
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An Improved Version of the Multiple Material Marching 
Cubes Algorithm with Topological Guarantees

Hyunwoo Kim, Geon Oh, Yongha Ki, Heehun Sung, Sangmin Park, Myonggeun Yoon

Department of Biomedical Engineering, Korea University, Seoul, Korea

Purpose: The reconstruction of surfaces to create a 3D volume mesh of human organs and other regions of the body is an 

important concern in the medical field, as it enables the calculation of physical quantities such as mass, electric field, and 

strain. The surfaces can be created using the multiple material marching cubes algorithm(M3C), which can represent mul-

tiple regions. However, when this algorithm renders a surface, some cases are not geometrically appropriate. The purpose 

of this study is to improve the rendering of the geometric features missed by the M3C algorithm.

Methods: The process of creating surfaces involves four steps: 1) Constructing voxels in the label map image, 2) Finding 

node loop cases of the image using the M3C algorithm, 3) Correctly triangulating the node loops topologically, 4) Smooth-

ing the surface mesh using the Laplace filter.

Results: The improved version of the M3C algorithm is capable of overcoming the limitations of the standard M3C al-

gorithm. For every case of triangulation of a voxel that has label indications, the surfaces reconstructed by our algorithm 

maintained topology perfectly compared to the original M3C. Furthermore, we followed all the primitive marching cubes 

algorithm rules that the original M3C algorithm failed to comply with.

Conclusions: The improved algorithm for the reconstruction of a multiple labelmap image based on M3C represented 

the surface mesh’s topology accurately by adding additional rules.

Keywords: M3C , Multiple materials, Surface reconstruction, RTSS, RT structure
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The RPLD Postal Dosimetry Audits for Radiotherapy 
Hospital: A Full Investigation of Linear Accelerators in 
Republic of Korea

Kyo-Tae Kim, Gyu-Seok Cho, Sang-Hyoun Choi, Kum-Bae Kim

Research Team of Radiological Physics & Engineering, Korea Institute of Radiological & Medical Sciences, Seoul, Korea

Purpose: We conducted postal dosimetry audits at the national level over 2017 into 2020 for the output dose and me-

chanical accuracy of clinical linear accelerators (LINAC) used in radiotherapy by medical institutions in Republic of Korea.

Methods: We were established postal dosimetry audits system via dosimetry system based on radio-photoluminescent 

(RPL) glass dosimeters and a RTQA2 film. To obtain a water-absorbed dose with the RPL glass dosimeter, phantoms were 

fabricated by using water-equivalent plastic; it was designed reflecting the recommendations of AAPM and IAEA TRS-398.

The output dose using RPL glass dosimeters was measured. We acquired the reading value via glass dosimeter reader and 

analyzed absorption dose at maximum dose depth applying a few correction factor. The evaluation criteria were evalu-

ated within ±5% (ICRU recommendation) as tolerance level. The mechanical accuracy using RTQA2 film was measured. 

We acquired the film image via an EPSON Expression 10000XL and analyzed it using a DoseLab. Evaluation index are field 

size agreement and couch, collimator, and gantry rotational iso-centric verification; the evaluation criteria were evaluated 

within 2 mm (field size: discrepancy, rotational iso-centric verification: tangential diameter) as tolerance level.

Results: The photon beam output dose was measured for 385 photon beam energies generated from 193 LINACs. As a 

result of the output dose including corrective action and repeated, it was confirmed that all energies met the acceptable cri-

teria in the LINAC. Additionally, measurement and analysis including corrective action and repeated for verifying the me-

chanical accuracy of LINAC using a radio-chromic film were completed, and all results were shown within tolerances level.

Conclusions: In this study, Postal dosimetry audits were performed on the output dose and mechanical accuracy of pho-

ton beams (385 beams) for 200 LINACs from 92 institutions. Based on these national postal dosimetry audits at SSDL level, 

the stable use of high-energy radiation for radiation therapy can be achieved. We are providing postal dosimetry audits pro-

gram for Tomotherapy, Cyber-knife, and Halcyon in addition to LINAC. Additionally, we are conducting research to provide 

postal dosimetry audits program for gamma-knife and brachytherapy that perform patient treatment using radio-isotope.

Keywords: Secondary standard dosimetry laboratories, Postal dosimetry audits, Linear accelerator, Output dose,  

Mechanical accuracy
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Fig. 3.  Fabrication of phantom for measuring 
mechanical accuracy using a GafchromicTM RTQA2.

Fig. 1. Fabrication of phantom for measuring beam output 
dose using a RPL glass dosimeter.

Fig. 4. Dosimetric system for GafchromicTM RTQA2; photo-scanner (Left), DoseLab software (Right).

Fig. 2. Dosimetric system for RPL glass dosimeter; glass dosimeter 
reader (Left), annealing oven, software (Right).
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Compare to Estimating SBRT Delivered Dose and Initial 
Plan Dose Using ViewRay Planning System

Jinsol Shin1,2,3, Hun-Joo Shin1,2,3, Jin-Ho Hwang1,3, Myung-Soo Kim1, Yoo-Kang Kwak1, Hye Jin Kang1,  
So-Jeong Lee1, Yun-ji Seol2,3, Young-Nam Kang3,4

1Department of Radiation Oncology, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Incheon, Korea
2Department of Biomedical Engineering, College of Medicine, The Catholic University of Korea, Seoul, Korea
3Advanced Institute for Radiation Fusion Medical Technology, College of Medicine, The Catholic University of Korea, Seoul, Korea
4Department of Radiation Oncology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: Current clinical studies on radiation therapy tend to report patient outcomes based only on treatment plans. 

This is because the in-vivo dose cannot be accurately and easily measured, and is generally made under the assumption 

that the dose distribution of the initial plan is actually delivered to the patient. However, since these assumptions do not 

consider changes in the target movement and organ at risk (OAR), the initial plan and the actual dose delivered may differ. 

In this study, the delivery dose and MR images of each fraction and total fraction were compared to the initial plan using 

the ViewRay RTP system.

Methods: Treatment planning of stereotactic body radiation therapy (SBRT) patient with non-small cell lung cancer 

(NSCLC) was used. MR images and delivered doses were extracted for each fraction using the ViewRay RTP system. The ex-

tracted delivered doses were summated using MIM software. The maximum dose for OAR, great vessle (GV) and ribs, and 

coverage of target volume was compared. 

Results: The maximum dose delivered to the GV was 52.47 Gy for initial plan (PLANinit), 54.66 Gy for the dose summated 

plan (PLANdosesum), and 10.87 Gy, 10.34 Gy, 11.01 Gy, 10.57 Gy and 10.99 Gy for 1–5 fx, respectively. The maximum dose to 

the ribs was 49.83 Gy for (PLANinit), 47.3 Gy for the PLANdosesum, and 12.25 Gy, 10.79 Gy, 11.87 Gy and 10.57 Gy for 1–4 fx, re-

spectively. The volume of GV was 36.54 cc for PLANinit, 40.52 cc for PLANdosesum, and 34.07±0.939 for 1–5 fx, respectively. In 

the case of the target volume, there was a tendency to be under-coverage compared to the initial plan.

Conclusions: For target and rib, the dose distribution for each fraction tended to be slightly different compared to GV. 

This seems to be the difference due to the setup error, the movement of the OAR, the contouring error and the fusion error 

during dose summation. Therefore, it is necessary to be able to control these error in order to increase the accuracy. This 

study is meaningful in that it can monitor the dose distribution and dose limitation for target and OAR during treatment, 

which can be used also as data to determine the timing of adaptive planning.

Keywords: MRIdian LINAC, ViewRay, Delivered dose, Delivered DVH
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Feasibility of Rando Head Phantom Fabricated by the 
3D Printer and Plaster with Pouring Technique for the 
Patient Specific QA in Intensity Modulated Radiotherapy

Sung Yeop Kim1,2, Jae Won Park3, Jaehyeon Park3, Se An Oh3

1Department of Physics, Yeungnam University, Gyeongsan, Korea
2Institute of Medical Science, Yeungnam University College of Medicine, Daegu, Korea
3Department of Radiation Oncology, Yeungnam University College of Medicine, Daegu, Korea

Purpose: The objective of this study was to fabricate a Rando head phantom using the 3D printer and plaster with pour-

ing technique for patient specific QA in radiotherapy and evaluate its feasibility.

Methods: Fused Deposition Modeling (FDM)-type 3d printer (Ultimaker s5) and slicer software (Ultimaker Cura) was 

used to fabricate a variable density head phantom to replace the commercial Rando head phantom. The set values for 3D 

printer was a layer height of 0.3 mm, a shell thickness of 1.37 mm, a printing speed of 50 mm/s, printing temperature of 

210°C and bed temperature of 80°C. A filament density and material are 1.24 g/cm3 and white polylactic acid (PLA), respec-

tively. The density of Orthodontic Gemma 24 plaster (Samwoo Co., Ltd, Seoul, Korea) is 2.32 g/cm3. All measurements were 

scanned with 1 mm thickness using a Philips Big Bore Brilliance CT Scanner and under the conditions of 120 kV and 200 

mA. The variable density head phantom was modeled with four regions (brain, soft tissue, bone, and cavity). To acquire the 

HU value of the bone region, plaster and PLA powder with various ratios (from 0 to 0.5 with 0.05 intervals) was mixed. Brain 

region and soft tissue have infill values of 83% and 82%, respectively, and infill patterns are grid and lines, respectively. 

Results: The average HU value of commercial Rando head phantom was –11 HU in brain except for the bone and hole, 

and 710 HU for the bone. The HU value of the mixture for bone decreased with time and was observed for 19 days. The 

mixture decreased by 12–22%, and it was confirmed that the higher the PLA power concentration, the more HU value de-

creased. The HU value of the brain and soft tissue of the prepared variable density phantom was 18 HU on average, and the 

bone had about 750 HU using a plaster and PLA ratio of 0.25.

Conclusions: It was confirmed that head phantom for patient specific QA could be fabricated using plaster pouring tech-

nique and 3D printer.

Keywords: Hounsfield unit (HU), Polylactic acid (PLA), Plaster, Pouring, 3D printer, Rando head phantom
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Dosimetric Study Using Patient Specific 3D Printed 
Head Phantom with Polymer Gel in Radaition Therapy

Yona Choi, Kook jin Chun, Eun San Kim, Young Jae Jang, Tae Keun Yang, Geon Wook Kang, Keum Bae Kim, 
Sang Hyoun Choi

Research Team of Radiological Physics & Engineering, Korea Institute of Radiological and Medical Sciences, Seoul, Korea

Purpose: Radiotherapy technologies like IMRT, SBRT and SRS are very precise and require precise treatment as they use 

mostly high dose rate. In order to assess the accuracy of this radiotherapy, it is important to evaluate the three-dimensional 

dose using a patient-specific phantom. The objective of this study is to manufacture a patient-specific gel phantom com-

bining 3D printing and polymer gel and evaluate the radiation dose and dose profile using gel dosimetry.

Methods: In this study, In order to create an anatomical replica phantom using the patient’s CT scan date, we manufac-

tured the patient-specific 3D gel phantom though RTsafe company. The produced phantom was the head model phantom 

and a 3D polymer gel known as RTgel-100 was contained inside the head phantom. The 3 Gy radiation has been irradiated 

using a 6 MV linear accelerator (Varian Clinac) for processing according to radiation treatment planning. Irradiated gel 

phantom was scanned using PET/MRI (Siemens) with a magnetic field of 3 Tesla and compared to the patient’s Treatment 

Planning System (TPS).

Results: We Compared the electron density values of the pseudo-patient head phantom and the patient CT image. The 

bone material of the head-phantom had a CT value of 1103.8±40, and the CT image of patient has a 1250±150, and the brain 

material of the head-phantom had a value of 36.7±16, and the CT image of patient has a 58±15 values After irradiation, the 

MRI was scanned as the T2 signal and the required condition of the RT Safe. Following the comparison of TPS and 3D gel 

data, the gamma passing criteria of 3%/3 mm and the passing rate of 95% or higher were achieved.

Conclusions: In this study, 3D gel dosimetry was performed using a patient-specific head phantom. In the future, we 

plan to develop customized pelvis and abdomen phantoms for patient-specific dosimetry using not only polymer gel but 

also Gafchromic Film and ionization chambers.

Keywords: Polymer gel, Computed tomography (CT), MRI, Treatment planning system

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

EP-029



Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 
Poster Session

Copyright ©  2021 Korean Society of Medical Physics

S195

Microdosimetry Study Using SOI Based Detector in  
30 MeV Proton Beam

Young jae Jang1,2, Yona Choi1,2, Seong Hee Park2, Won il Jang3, Hong suk Jang1, Gyu Suk Cho1,  
Kum Bae Kim1, Sang Hyoun Choi1

1Research Team of Radiological Physics & Engineering, Korea Institute of Radiological & Medical Sciences, Seoul, Korea
2Department of Accelerator Science, Korea University, Sejong, Korea
3Department of Radiation Oncology, Korea Institute of Radiological & Medical Sciences, Seoul, Korea

Purpose: Microdosimetry is an essential tool for evaluating micro-patterns of energy deposition by radiation and is used 

as an important measurement because it can predict RBE of the radiations. The objective of this study is to measure the lin-

ear energy transfer according to the depth using silicon-on-insulator (SOI) based detector in MC-50 30 MeV proton beam 

and compare with the calculated data from monte carlo simulation.

Methods: To calibrate the energy response of SOI based micro-dosimeter, a standard Am-241 source was used. The mea-

surement signal using Am-241 shows that 1 count per 10sec is reasonable, especially the experiment was done in air. The 

oscilloscope was used for monitoring the micro-dosimeter and MCA input/output signals, such as noise check, alpha spec-

troscopy, leakage current, in real time during measurement progress. Multi-channel analyzer (MCA) is consisting of 4096 

channels and good resolution for enough count to measure the alpha spectroscopy. To measured LET distribution, micro-

dosimeter and calibrated MCA were used for experiments in a proton beam of 30 MV/1 nA and compare the measured data 

with PHIS simulation code that was used to simulate MC-50 cyclotron and SOI based detector.

Results: Since SOI based detector was calibrated by Am-241, the results show that their pick was about 59.5 keV as we 

expected, thus we calibrate the MCA channel to energy using these results. The Bragg peak was showed at 7.8 mm and the 

results experiments at various Bragg curve position showed that there was a lot of energy between 260–400 keV at a depth 

of 17.24 mm. The lineal energy showed a distribution of 10.3 to 12.5 keV/u, with 11.2 kev/um being the most dominant. In 

addition, the same results were obtained through PHITS simulation.

Conclusions: In this study, we measured LET distribution of 30 MeV proton beam using the SOI based detector. The 

results showed that the measured data agreed well with the calculated data from PHITS simulation results. This study will 

be utilized for predicting the relative biological effectiveness (RBE) in proton beam. In the future work, we will measure the 

LET for high energy proton beam and heavy ion beam in clinic.

Keywords: Microdosimetry, Alpha spectroscopy, PHITS, Linear energy transfer, Relative biological effectiveness
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Activation Evaluation of SIEMENS Linear Accelerator 
Using PHITS Monte Carlo Code

Young jae Jang, Yona Choi, Seong Hee Park, Na Hye Kwon, Dong Hyun An, Geun-Beom Kim, Won il Jang, 
Kum Bae Kim, Sang Hyoun Choi
1Research Team of Radiological Physics & Engineering, Korea Institute of Radiological & Medical Sciences, Seoul, Korea
2Department of Accelerator Science, Korea University, Sejong, Korea
3Department of Radiation Oncology, Korea Institute of Radiological & Medical Sciences, Seoul, Korea
4Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, Korea

Purpose: Recently, the number of linear accelerators is increasing in Korea as the demand for radiation therapy is grow-

ing, and disposal of linear accelerator is increasing which had already been installed. Linear accelerator using high energy 

more than 8MV should be accurate assessment before disposal since the photonuclear reaction will radioactive the parts of 

the linac. The purpose of this study is to simulate Siemens linear accelerator and analysis of radioactivity over time after the 

linac shut-down using PHITS code.

Methods: PHITS code (ver 3.25) was used for the Monte Carlo simulation in this study, and DCHAIN, which is a decay 

chain analysis code, was used for the analysis of radioactivity. The Siemens linear accelerator was simulated using data pro-

vided by the manufacturer such as Target, Primary collimator, Ion chamber, jaw, etc. Flattening filter using for 10MV energy 

was simulated. We analyzed the changes of radioactive nuclide yield over time after beam-off.

Results: Immediately after beam-off, the main radionuclides were detected such as Mn56 (72.45%) and Cr55 (25.52%) in 

the target, W185 (99.44%) and W183 (0.43%) in the Primary collimator. In the flattening filter, like the target, Mn56 (72.45%) 

and Cr55 (25.52%) is detected in SST304. In each part, it was confirmed that over time, short half-life nuclides disappeared, 

and long half-life nuclides turned into the main nuclides.

Conclusions: In this study, the distribution of radionuclides was analyzed over time in Siemens linear accelerator with 

PHITS and DCHAIN code. It has been confirmed that major radionuclides in major parts have changed over time from 

short half-life to long half-life nuclides. In the future, we plan to conduct of radioactive evaluation of Varian and Elekta lin-

ear accelerators in addition.

Acknowledgments: This research was supported by National Research Foundation of Korea (NRF) grant funded by the 

Korea government (Ministry of Sciences and ICT) (No. 2003013-0221-SB110).
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Fabrication of Scintillator-Based Screen Monitoring 
System for Real-Time Profile Measurement of Heavy 
Ion Beams

Hong Suk Jang, Tae-Keun Yang, Jeong Hwan Kim, Dong Hyun An, Kun Uk Kang, Geun-Beom Kim,  
Sang Hyoun Choi

Research Team of Radiological Physics & Engineering, Korea Institute of Radiological & Medical Sciences, Seoul, Korea

Purpose: The purpose of this study is to manufacture a monitoring system for analyzing the position and size of the beam 

transmitted from the RAON facility to the biomedical research line in real time, and to measure the beam profile (position 

and size information) at the position and the emittance of the beam.

Methods: The screen monitor consisted of P43 scintillator and holder, CCD camera and lens, camera connection, pneu-

matic actuator, vacuum box, etc. The software that transmits and analyzes the signal measured from the monitor was pro-

duced based on Labview. The image on the scintillator placed in the center of the vacuum chamber is transmitted to the 

CCD camera through a reflector, and a lens is attached to the front end of the CCD camera so that the focus can be adjusted. 

Background noise handling and noise cut-off functions have been added to remove noise. Median filtering function was 

also added for the process of removing image defects caused by lens contamination or camera defects using the brightness 

values of adjacent. 

Results: The linear characteristic of the light yield with respect to the beam intensity has the advantage that it does not 

cause distortion of the beam distribution due to the difference in intensity between the center and the periphery of the 

beam when evaluating the shape of the beam through the image on the scintillation screen. As a result of Lieberwirth’s 

study on uranium beam, P43 shows linearity in the 1e5–2e9 ppp/1us ion beam pulse region. It is considered that it is pos-

sible to cope with saturation without distortion of the distribution image.

Conclusions: In this study, we manufactured the real time monitoring system with CCD camera and scintillator for mea-

suring the profile such as position and size of ion beam. In the future, this system will be installed on biomedical research 

accelerator line in RAON and utilized for accurate beam transmit of various heavy ion beam such as carbon, oxygen and 

uranium.

Keywords: RAON, CCD camera, Scintillator, Monitoring, LABVIEW, Heavy ion beam
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The Monte Carlo and Experimental Evaluation of Energy 
and Angular Dependence of RPLGD in MV Photon 
Beams

Dong-wook Park1,2, Sang Hyun Choi3, Chan Hyeong Kim2

1Department of Radiation Oncology, Ilsan Paik Hospital, Goyang, Korea
2Department of Nuclear and Radiological Engineering, Hanyang University, Seoul, Korea
3Research Center for Radiotherapy, Korea Institute of Radiology and Medical Science, Seoul, Korea

Purpose: Radio-photoluminescence glass dosimeter (RPLGD) is one of the common passive dosimeters suitable for dose 

verifications. The quality and angular dependence of RPLGD was evaluated with measurements and Monte Carlo (MC) 

simulations in megavoltage photon beams.

Methods: The relative response of the RPGLD was experimentally determined in the energy of 6 MV (TPR20,10=0.658), 

10 MV (TPR20,10=0.733) and 15 MV (TPR20,10=0.754) compared with that of 60Co beam energy. Several sets of RPGLDs 

were irradiated at the condition of 5 cm depth and 10×10 cm2 field size in solid water phantom. Monte Carlo simulations 

were conducted for theoretical evaluation in the same condition. Beam spectra of cobalt beam and VRIAN Clinac (4, 6, 10, 

15 and 18 MV) were applied to the MCNP code for the simulations. 

Results: The results of measurements were 0.988 for 6 MV, 0.976 for 10 MV and 0.965 for 15 MV relative to 60Co beam. 

There was not shown any significant dependency of depth in MV photon beam.

Conclusions: The quality dependence factor was evaluated with the beam energy mainly used in the treatment field. The 

results would be useful for the clinical in vivo dosimetry and the strict analysis of beam characteristics.

Keywords: RPLGD, Monte Carlo
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Fig. 1. Schematic design of the experiments.

Fig. 2. Photon energy distribution for VARIAN linear accelerators 
published in study of Sheikh-Bagheri and Rogers. The relative 
intensities were normalized to total intensity of each energy.

Fig. 3. Angular dependence of RPLGD.
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Analyze the Small Phantom Comparison of Photon 
Dose in Medical Linac

Jhin Kee Kim1,3, Jeong Gu Kang2, Jeong Ok Lee2, Bu Gil Kim1,3

1Department of Radiation Oncology, Jeonbuk National University Hospital, Jeonju, Korea
2Department of Medical Radiation, Wonkwong Health Science University, Iksan, Korea
3Research Institute of Clinical Medicine of Jeonbuk National University, Jeonju, Korea

Purpose: The portable small phantom was designed and developed to evaluate the radiotherapy quality assurance sys-

tem for photon beams in medical linac. And the evaluation of the small phantom with glass dosimeters were performed to 

verify the practical applications of the phantom. 

Methods: In design and fabrication of the portable small phantom with PMMA slabs (PMMA, 19×19×20 cm3, 19 slab, 3 

points per slab), one of the advantages of this phantom is to insertion and positioning of glass dosimeter using small tube 

located at a fixed position in slab of phantom. A commercialized glass dosimeter is being increasingly used as an ultra-

compact design is possible to measure dose in radiation fields. The glass dosimeter correction factor (GCF) and phantom 

scatter correction factor (PCF) of the small phantom were measured for 6, 10 MV photon beams.

Results: In results, the uniformity and reproducibility of the glass dosimeter set were 1.34% and 1.44%. For the assess-

ment of reliability, the cross comparison with the secondary standard dosimetry laboratory was performed and the results 

are agreed within 2–3% in dosimeter responses for same dose. The radiation output comparison for photon beams was per-

formed to evaluate the practical usage of the phantom for medical linear accelerators.

Conclusions: The developed a small type portable PMMA phantom with customizing can used in dose inter-comparison be-

tween radiation oncology facilities as a verification of dosimetry and QA system of the medical linear accelerators.

Keywords: Linac QA, Small phantom, Glass dosimeter

Fig. 1. The portable small phantom with customizing and glass dosimeter calibration positioning.
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Fig. 2. The clinical applications of the small phantom in terms of LINAC QA for photon beams in medical LINAC.
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Evaluation of the Quasi-Small Phantom with Photon 
Dose Comparison in Medical Linacs

Jhin Kee Kim1,3, Dong Hyeok Jeong2, Bu Gil Kim1,3

1Department of Radiation Oncology, Jeonbuk National University Hospital, Jeonju, Korea
2Dongnam Institute of Radiological & Medical Sciences, Busan, Korea
3Research Institude of Clinical Medicine of Jeonbuk National University, Jeonju, Korea

Purpose: A quasi-small type portable water phantom was designed and developed to evaluate the radiotherapy quality 

assurance system for photon beams in medical linac. Also, an evaluation of the phantom system with glass dosimeters were 

performed to verify the practical applications of the phantom. A commercialized glass dosimeter is being increasingly used 

as an ultra-compact design is possible to measure dose in small radiation fields and slopes.

Methods: In design and fabrication of the portable quasi-small water phantom (PMMA, 22×22×33 cm3, four measure-

ment depth, twelve measurement points), one of the advantages of this phantom is to insertion and positioning of glass do-

simeter using small tube located at a fixed position in phantom with four layer. The glass dosimeter correction factor (GCF) 

and phantom scatter correction factor (PCF) of the small phantom were measured for 6, 10 MV photon beams.

Results: In results, the uniformity and reproducibility of the glass dosimeter set were 1.37% and 1.46%. For the assess-

ment of reliability, the cross comparison with the secondary standard dosimetry laboratory was performed and the results 

are agreed within 2–3% in dosimeter responses for same dose. The radiation output comparison for photon beams was per-

formed to evaluate the practical usage of the phantom for medical linear accelerators.

Conclusions: The developed a potable quasi-small type water phantom with customizing can used in dose inter-com-

parison between radiation oncology facilities as a verification of dosimetry and QA system of the medical linear accelera-

tors.

Keywords: Linac QA, Small phantom, Glass dosimeter
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Fig. 1. The portable quasi-small phantom (left) and dosimeter calibration for Co-60 gamma rays (right) in SSDL.

Fig. 2. The clinical applications of the small phantom in terms of LINAC QA for photon beams in medical LINAC.
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Study on the Radiological Characteristics of Metal 
Infilled Filaments for 3-Dimensional Printing According 
to the Infill Rates and Patterns

Taehyeong Kim1,2, Engchan Kim2

1Department of Radiation Oncology, Samsung Medical Center, Seoul, Korea
2Department of Physis, Yeungnam University, Gyeongsan, Korea

Purpose: In this study, we investigated variations in hounsfield unit (HU) values reflected in computer tomography (CT) 

images according to printing output conditions of polylactic acid+ (PLA+) and various metal filaments.

Methods: Samples were produced to verify element composition using each filament, and scanning electron microscopy 

with energy dispersive spectrometry (SEM-EDS) analysis was performed. The variation of HU values according to the infill 

patterns were verified using PLA+, and various metal filaments were used to verify the variation in HU values according to 

the infill rate.

Results: SEM-EDS analysis show that all filaments contain C and O elements in common and account for the largest pro-

portion. In the case of metal filaments, additional elements were observed: bronze (Cu), aluminum (Na, Al), Iron (Ca, Fe), 

Tungsten (W). Linear regression results showed strong linear relationships between infill patterns and infill rates, except for 

full honey comb (R2=0.8825) and fast honey comb (R2=0.9606). For infill rate 100%, the average of HU values for each CT 

slice are –28.7 HU for PLA+, 526.3 HU for bronze, 70.1 HU for copper, –32.3 HU for iron, and 3061 HU for tungsten. 

Conclusions: The study is expected to be helpful to express various HU values according infill patterns and infill rates. 

Metal filament such as tungsten is expected to have a positive impact on reproducing high density anatomical structures of 

more than 1000 HU, which have been difficult in previous studies.

Keywords: 3D printing, Metal filament, HU, Infill rate, Infill pattern
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Development of a Small Phantom with Positional 
Balance by Buoyancy for Photon Beams in Medical 
Linac

Jhin Kee Kim1,2,3, Bu Gil Kim1,2,3

1Department of Radiation Oncology, Jeonbuk National University Hospital, Jeonju, Korea
2Biomedical Research Institute of Jeonbuk National University Hospital, Jeonju, Korea
3Research Institute of Clinical Medicine of Jeonbuk National University, Jeonju, Korea

Purpose: A small water phantom with position balance by buoyancy was designed and developed to evaluate the radio-

therapy quality assurance system for photon beams in medical linac. And the evaluation of the small water phantom with 

glass dosimeters were performed to verify the practical applications of the phantom. 

Methods: In design and fabrication of the portable small water phantom (PMMA, 17×17×20 cm3, 22×22×33 cm3), one of 

the advantages of this phantom is to insertion and positioning of glass dosimeter using small tube located at a fixed balance 

position in phantom by buoyancy. A commercialized glass dosimeter is being increasingly used as an ultra-compact design 

is possible to measure dose in radiation fields. Then the glass dosimeter correction factor (GCF) and phantom scatter cor-

rection factor (PCF) of the small water phantom were measured for 6, 10 MV photon beams.

Results: In results, the uniformity and reproducibility of the glass dosimeter set were 1.34% and 1.44%. For the assess-

ment of reliability, the cross comparison with the secondary standard dosimetry laboratory was performed and the results 

are agreed within 2–3% in dosimeter responses for same dose. 

Conclusions: The radiation output comparison for photon beams was performed to evaluate the practical usage of the 

phantom for medical linear accelerators. The developed a small water portable phantom with customizing can used in 

dose inter-comparison between radiation oncology facilities as a verification of dosimetry and QA system of the medical 

linear accelerators.

Keywords: Linac QA, Small phantom, Glass dosimeter
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Fig. 1. The portable small water phantom with customizing and dosimeter calibration positioning.

Fig. 2. The clinical applications of the small phantom in terms of LINAC QA for photon beams in medical LINAC.
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Development of Infrared Marker for Thermoplastic 
Immobilization Tool

Yongjin Kim1, Tae-Ho Kim2, Tae Suk Suh1

1Department of Biomedicine & Health Sciences and Research Institute of Biomedical Engineering, College of Medicine, The Catholic 
University of Korea, Seoul, Korea
2Proton Therapy Center, National Cancer Center, Goyang, Korea

Purpose: Although the thermoplastic immobilization tool is used to efficiently control of patient movement, movement 

of the patient’s skin surface under thermoplastic immobilization tool exists. In addition, the thermoplastic immobilization 

tool is used as a method of covering the skin surface, which makes it difficult to visually check the skin surface movement. 

Therefore, the aim of this study is to develop an Infrared (IR) marker that visually checks the movement of the patient’s skin 

surface even used the thermoplastic immobilization tool.

Methods: Modeling of IR marker was performed using 3D modeling software. The structure of the IR marker was consist-

ing of a spherical IR marker, cylindrical marker posts to be attached to the skin, and a disk-shaped marker base between 

IR marker and cylindrical marker posts. The design of this disk-shaped marker base allows the cylindrical marker posts to 

be positioned freely, allowing the IR marker to be located on the patient skin surface without interference with the ther-

moplastic immobilization tool. Confirmation of the developed IR marker is performed by locating the IR marker on the 

patient’s skin surface along with the thermoplastic immobilization tool. We also developed the IR marker motion checking 

program. Using this program and IR marker, the movement of the patient’s skin surface under the thermoplastic immobili-

zation tool is checked.

Results: The IR marker was developed to detect patient surface movement under the thermoplastic immobilization 

tool. When the IR markers were located on the patient skin surface along with the thermoplastic immobilization tool, we 

confirmed that it is well located on without any other problems. And we confirmed that the IR marker motion checking 

program detects the movement of the IR marker well. However, experiments that check the movement of the patient’s skin 

surface were still underway, therefore no results were obtained.

Conclusions: We have developed the IR marker for the thermoplastic immobilization tool and the developed IR marker 

was confirmed to be suitable for our purpose. Further study, we will verify with the stereo vision that the developed IR 

marker detects movement of the patient’s surface.

Keywords: Infrared marker, Thermoplastic, 3D printing
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Verification of MLC Leaf Position Accuracy and Dose 
Distribution Using Trajectory Log Files

Chul Hang Kim1, Hojin Jeong2, Byung Do Park3

1Department of Radiation Oncology, Gyeongsang National University Changwon Hospital, Changwon, Korea
2Department of Radiation Oncology, Gyeongsang National University Hospital, Jinju, Korea
3Department of Radiation Oncology, Samsung Changwon Hospital, Changwon, Korea

Purpose: The aim of this study was to evaluate the mechanical accuracy of the MLC leaf position using the trajectory log 

file, and to reconstruct it into a two-dimensional dose distribution to utilize it as a quantitative evaluation tool for IMRT 

patient-specific QA.

Methods: The log file-based QA was performed on several treatment cases planned with IMRT techniques. The system-

atic errors and random errors of 0.5 mm, 1 mm, and 2 mm were intentionally applied to the expected MLC position, and 

expected and actual MLC position information were extracted from the log file. The data extracted from the log file was 

reconstructed into a two-dimensional dose distribution on the treatment planning system and compared with the EPID 

measurements by gamma index analysis with criteria of 1%/1 mm, 2%/2 mm, and 3%/3 mm. And the changes of the dose-

volume histogram according to the MLC positioning error were observed.

Results: Dose discrepancies due to MLC errors were observed relatively prominently in the region of steep dose gradi-

ents requiring complex modulation segments, with similar patterns in both the EPID measurement and the reconstructed 

dose by the log file. When the position of the leaves showed a systematic error of 2 mm, the gamma passing rate for the cri-

teria of 1%/1 mm, 2%/2 mm and 3%/3 mm were above 73%, 80% and 85%, respectively. On the other hand, when the leaf 

position error occurred randomly, there was a significant difference in the gamma passing rate according to the frequency 

and position of the error occured.

Conclusions: This study showed that a quantitative evaluation is possible by reconstructing and visualizing the dose dis-

tributions using the log file. It allows daily observation of the dose delivered to the patient, as well as feedback on the effects 

on the patient by the dose discrepancies with no extra beam irradiation. However, there are some limitations that the ab-

sorption dose cannot be estimated or MLC errors due to T-nut defects cannot be detected. Therefore, it is preferable to use 

it in conjunction with a measurement-based system rather than relying solely on the log file based QA.

Keywords: Trajectory log file, MLC error, IMRT QA, DVH, Gamma index
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Angular Dependence of an Edge Detector in Small 
Fields

Me-yong Kim, Jai-Woong Yoon, Kwang-Ho Cheong, Sei-Kwon Kang , Taeryool Koo, Boram Ha, Me Yeon 
Lee, Kyoung Ju Kim, Hoonsik Bae, Soah Park

Department of Radiation Oncology, Hallym University College of Medicine, Chuncheon, Korea

Purpose: QA became a more important factor in small field size. We measure the output dose in a small field size when 

using an Edge detector to determine the difference in output dose depending on the angle by using a solid phantom that is 

normally used in clinical practice.

Methods: We place the edge detector at a depth of 10 cm of solid phantom source to surface distance(SSD) is 100 cm, and 

change the angle of the gantry and the angle of the couch. The change in output dose of the edge detector was measured. 

We used ELEKTA cone collimators used for stereotactic radiosurgery treatments (SRS) using commercially used for mea-

surement. 

Results: The change of the output value of the Edge detector was known according to the gantry angle. The sensitivity 

of output was highest in the AP direction, and it showed a tendency to decrease in the posterior direction. In particular, in 

the case of the lateral, the output value was lower than that of the 180 degree angle. Relatively, the posterolateral direction 

showed the lowest output values. The output according to the rotation of the treatment table angle was also the lowest in 

the vicinity of 120 degrees (6 MV 54±3%, 6FFF 57±2%), similar to that of the table angle of 0 degrees.

Conclusions: Due to the structure of the edge detector, the output in the AP direction was relatively high, and it was lower 

toward the side, and the downward direction of the side showed the lowest output value. According to the geometry of the 

rectangular solid phantom used in the measurement, it has an effect on the fluctuation of the output dose of the detector. 

Although there are some limitations to the angular dependence of the detector in this study. However, it is also meaningful 

to report the dependence of the output dose on the angle when measuring using the phantom used in actual clinical prac-

tice.

Keywords: Small fields, Edge detector, Angle dependence
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Evaluation of PTW MicroSilicon Diode Detector for 
Small Field Dosimetry by Detector Orientation

Hyo Kyeong Kang1,2, Min Cheol Han2, Chae-Seon Hong2, Jin Sung Kim1,2

1Department of Integrative Medicine, Yonsei University College of Medicine, Seoul, Korea
2Department of Radiation Oncology, Yonsei Cancer Center, Yonsei University College of Medicine, Seoul, Korea

Purpose: According to IAEA TRS-483, it is recommended to use a detector with a sufficiently small sensitive volume and 

high spatial resolution for small field dosimetry. In this study, the PTW microSilicon that satisfy these conditions was evalu-

ated in small field dosimetry by comparing with PTW microDiamond, and the suitability of dosimetry of microSilicon ac-

cording to the orientation of the detector was investigated.

Methods: This study was conducted using Elekta Versa HD that produces photon beams with 6 and 10 MV flattened filter 

(FF)/flattening filter-free (FFF). Beam data including percent depth dose (PDD), lateral profile, and output factor (OF) were 

measured in two orientations: axial and radial of microSilicon and microDiamond. The “axial” refers to a state in which the 

detector axis is parallel to the beam direction, and the “radial” refers to a state in which the detector axis is perpendicular to 

the beam direction. In two directions of the two detectors, PDD and profile were measured for field size from 0.5×0.5 cm2 to 

5×5 cm2, and OF were obtained from 1×1 cm2 to 10×10 cm2.

Results: The PDD curve of a 6 MV FF beam with field size of 0.5×0.5 cm2 and 3×3 cm2 (Fig. 1). It can be seen that the 

build-up region which is depicted in the zoomed part is over-responded in the radial orientation of microDiamond and 

microSilicon. At a depth deeper than build-up region, all of the PDD curves demonstrate good agreement. The full width 

at half maximum (FWHM) and penumbra were calculated from the measured in-line and cross-line profiles. The smaller 

the field, the larger the difference between the nominal field size and the FWHM, and the relative standard deviation repre-

senting how much the penumbra differs between detectors were at least 1.00% and at most 5.46%. As shown in Figure 2, OF 

was displayed from field size of 0.5×0.5 cm2 to 10×10 cm2 and normalized to a 10×10 cm2 field. 

Conclusions: The microSilicon has similar performance to microDiamond in the orientation of axial, but there are differ-

ences in FWHM and penumbra between the two detectors in the radial direction.

Keywords: PTW microSilicon, Small field dosimetry, Detector orientation
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Figure 1.

Figure 2.
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Dosimetric Accuracy of CyberKnife Stereotactic 
Radiosurgery for Perioptic Lesions

KyoungJun Yoon1,2, Chiyoung Jeong2, Minjae Park2, Youngnmoon Goh2, Seongwoo Kim2, Byungchul Cho2, 
JungWon Kwak2, Young Hyun Cho3

1Radiosurgery Center, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea
2Department of Radiation Oncology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea
3Department of Neurosurgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

Purpose: This study aimed to evaluate the dosimetric accuracy of Cyberknife (CK) for benign perioptic tumor using pa-

tient specific QA head phantom.

Methods: Patient specific head phantoms was fabricated using a 3D-printer to be dosimetrically equivalent to actual 

target regions of benign perioptic tumor case treated via Cyberknife radiosurgery. Using the patient specific QA head phan-

tom, film dosimetry was performed for Cyberknife beam delivery. The measured results were analyzed with the gamma 

passing rates (GPRs) of 2%/1 mm criteria, by comparing with the calculated dose via the ray-tracing algorithms of the Mul-

tiPlan Treatment Planning System (version 5.6). After moved rotating (1 degree) and translating (1–5 mm) the couch table 

prior to beam delivery, we checked the 6D skull tracking accuracy according to the beam irradiation. Phantom QA plan was 

produced using the original CK contour set (target and optic nerve).

Results: GPRs were greater than the acceptance criteria 80% for all film measurements with the patient specific QA head 

phantoms in CK perioptic tumor QAs. The difference between measured and calculated dose to the optic nerve in contact 

with the tumor was less than 3%.

Conclusions: Dosimetric verification with patient-specific head phantoms could be successfully implemented as the 

evaluation method for CK perioptic tumor radiosurgery delivery.

Keywords: CyberKnife, Perioptic tumor, 6-D skull tracking
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A New Quality Assurance System in Electric Field 
Therapy

Heehun Sung, Jong Hyun Kim, Jaehyeon Seo, Geon Oh, Yunhui Jo, Yongha Gi, Hyunwoo Kim,  
Myonggeun Yoon

Department of Bioengineering, Korea University, Seoul, Korea

Purpose: The purpose of this study was to evaluate the effectiveness of a newly developed quality assurance system for 

tumor treating fields, which uses alternating electric fields of intermediate frequency (100–500 kHz).

Methods: The quality assurance system consisted of a water phantom, probe, and DAQ board. Low-intensity alternating 

electric fields (200 kHz, 1–2 V/cm) were generated within the water phantom using a function generator and a high-voltage 

amplifier. The electrical potential formed between the water phantom’s internal electrodes was measured by the probe and 

DAQ board, and the electric potential measured at 19×10 points on the midplane was derived at each point. Finally, we 

compared the results of simulation computations with the measured electric fields.

Results: The quality assurance system for tumor treating fields showed an average difference of 4% and 0.31 V compared 

to the simulation results of the electric potential distribution inside the water phantom. The electric field distribution that 

was derived based on the voltage distribution showed an average difference of 10% and 0.1 V/cm.

Conclusions: This study aimed to evaluate the feasibility of a quality assurance system for tumor treating fields. We ob-

served an approximately 10% difference between the water phantom’s electric field distribution and the simulation values. 

These results verified the feasibility of a quality assurance system for tumor treating fields.

Keywords: Quality assurance, Tumor treating fields
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Validation of Geant4 Electromagnetic Physical Models 
Based on Theoretical Data for Biological Effectiveness 
in Particle Therapy

Min Cheol Han, Hyo Kyeong Kang, Yong Do Yun, Jin Sung Kim

Department of Radiation Oncology, Yonsei University College of Medicine, Seoul, Korea

Purpose: Geant4 Monte Carlo toolkit is widely adopted in particle therapy domain to calculate the accurate biological-

weighted dose calculation using various interaction models. Several investigators have validated various hadronic physics 

models of Geant4 in particle interaction; unfortunately, the evaluation regarding electromagnetic (EM) physics models is 

not performed yet. In this study, we reproduced a Geant4 simulation based on the theoretical configuration of biological ef-

fectiveness models and the simulation results by various EM models were compared against the theoretical data.

Methods: The simulation geometry of Geant4 was reproduced by using the configuration of microdosimetric kinetic 

model (MKM); a cylindrical volume represented by human salivary gland cell was generated, and a sensitive detector was 

placed in the volume. Relevant parameters (e.g., geometrical shapes) were extracted from the previous literature. In Ge-

ant4, particles from proton to carbon were irradiated with various EM models (i.e., G4EmStandardOpt3, G4EmStandar-

dOpt4, and an in-house model). The saturation-corrected dose-mean-specific energy (a.k.a. Z1D*) were calculated for each 

particle energy ranged from 0.1 to 1000 MeV/u, and the calculation results were compared with the theoretical results.

Results: In our validation tests, the trend of Z1D* calculated by a specific EM physics model were virtually identical com-

pared with theoretical data; meanwhile, it was confirmed that the results calculated by Geant4 default EM constructors (i.e., 

G4EmStandardOpt3, G4EmStandardOpt4) had discrete point according to the increase of particle energies. 

Conclusions: Validation tests were performed to compare several Geant4 EM physics models for biological effectiveness 

in particle interactions with respect to the theoretical data, and the Geant4 found in good agreement with the reference 

data in a specific model. We expect that the extended results, which are covered to other EM physics models included in 

various versions of Geant4, will be generated before presenting the talk on the 9th Korea-Japan Joint Meeting on Medical 

Physics.

Keywords: Geant4, Monte Carlo, Electromagnetic physics model, Biological effectiveness, MKM
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Development of Real Time Thermoplastic Mask Setup 
Monitoring System Using Force Sensing Technique

Tae-Ho Kim, Dong-Seok Shin, Myeongsoo Kim, Dong-Ho Shin

Proton Therapy Center, National Cancer Center, Goyang, Korea

Purpose: In this study, we developed and evaluated a system that could monitor compression force inside a thermoplas-

tic mask in real time. The system also provides a warning to the user when there is a possibility of improper immobilization. 

Methods: The real-time thermoplastic mask compression force (TMCF) monitoring system consists of a force sensing 

register (FSR) sensor, a signal transport device, control PC and an in-house software program.

Results: The system provided stable pressure readings in all of 10 trials sensor unit reproducibility test. The largest SD 

of 10 mean values was about 36 gf/cm2 (~2.4% of full scale range). For 5 repeated mask setups on the phantom, the com-

pression force variation of the mask was less than 39 gf/cm2 (2.6% of full scale range). A thermoplastic mask setup repro-

ducibility study with six volunteers was performed to evaluate the feasibility of the proposed monitoring system. We were 

successful in making masks together with the monitoring system connected and demonstrated feasible utilization of the 

system. Various compression force variations were observed according to the location of the sensor (among forehead, both 

cheekbones, and chin) and each volunteers. In case of forehead and both cheekbones, the compression force was gener-

ally stable in all volunteers. However, in the chin case, the compression force was formed lower than other sites and even 

dropped down to zero, indicating loss of immobilization power.

Conclusions: The developed monitoring system could provide information that if the appropriate compression force was 

maintained during the treatment. When the compression force is too weak or close to zero, the GUI of monitoring system 

gives a warning signal to the user. With the capability of providing a warning signal before actual variation accrued, it could 

improve the setup accuracy of patient with a thermoplastic mask.

Keywords: Setup monitoring, Immobilization, Force sensing register sensor
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Development of a Novel Dosimetry Tool for Proton 
Pencil Beam Scanning Using an Acrylic Plate with Solar 
Cells: A Preliminary Study

Dong-Seok Shin1, Tae-Ho Kim1, Jaeman Son2, Jeong-Eun Rah3, Dongho Shin1

1Proton Therapy Center, National Cancer Center, Goyang, Korea
2SNUH Heavy Ion Medical Accelerator of Gijang, Department of Radiation Oncology, Seoul National University Hospital, Seoul, Korea
3Department of Radiation Oncology, Myongji Hospital Hanyang University College of Medicine, Goyang, Korea

Purpose: Range errors for beam spots in proton pencil beam scanning can cause critical problems. To verify the errors, 

recently many clinics have utilized a commercialized multi-layer ion chamber (MLIC). However, typically the MLIC has 

some limitations such as low sampling rate, low resolution (2 mm), and low sensor volume (<10 cm of diameter), which 

could lead range uncertainty. Therefore, the purpose of this study is to develop a novel dosimetry tool based on acrylic 

plate and silicon solar cells to improve the limitations of the MLIC.

Methods: Developed tool, which consisted of an acrylic plate (thickness: 1 mm) with silicon solar cells, voltage amplifier, 

and data acquisition (DAQ) module (maximum sampling rate: 50 kHz), can measure voltage signals of solar cell by photo-

luminescence generated from the acrylic plate. This plate was manufactured by cutting water-equivalent transmitter disk 

(BC-800, Saint-Gobain, Paris, Frances) to a regular octagon shape (length of one side: 57 mm) with edge of 13°. Eight silicon 

solar cells (dimension of one solar cell: 55×4 mm2) were attached to the edge regions of the plate and connected in series. 

Subsequently, the plate was covered with a reflective film/Teflon to avoid a loss of the photoluminescence signals. Lastly, 

the plate with solar cells was connected to the amplifier/DAQ module sequentially via electric wires. To evaluate the per-

formance of our tool, basic characteristics (such as linearity and dose rate/energy/position dependences) were evaluated 

using PROTEOUS 235 proton therapy system (IBA, Louvain-LA-Neuve, Belgium).

Results: We observed the good linearity between the proton doses and voltage signals of the tool. Major difference be-

tween the signals according to dose rate change was no found. Additionally, developed tool showed minor dependence for 

beam energy. The acquired signals according to spot positions were similar except for positions near the edge of the plate. 

Conclusions: Our findings suggest that potentially developed tool could be a novel dosimeter for range verification of 

proton beam. Our tool has a 1 mm thickness, a high sampling rate, and a large sensor volume, which provides advantages 

for accurate range measurement over the commercialized MLIC.

Keywords: Proton therapy, Solar cell, Radiation sensor, Energy measurement, Pencil beam scanning
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Evaluation of Setup Accuracy for Prone Breast 
Radiotherapy with a Three-Dimensional Surface 
Imaging System

Jin Young Kim1, Sung Kwang Park2, Moo Jae Han2, Seung-woo Yang2, Jin Beom Chung3, Kum Bae Kim4, 
Young Nam Kang5, Young Min Moon1

1Departments of Radiation Oncology, Dongnam Institute of Radiological and Medical Sciences, Busan, Korea
2Departments of Radiation Oncology, Inje University Busan Paik Hospital, Busan, Korea
3Department of Radiation Oncology, Seoul National University Bundang Hospital, Seongnam, Korea
4Radiation Oncology Dept., Research Team of Radiological Physics & Engineering, Korea Institute of Radiological & Medical Sciences, 
Seoul, Korea
5Department of Radiation Oncology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Purpose: It has been shown that the detection of flat body surfaces (thorax, pelvis) using the three-dimensional optical 

surface imaging system (3D–OSIS) is less accurate than curved surfaces (head, neck). Here, we evaluated the applicability 

and technical performance of the 3D–OSIS for prone breast radiotherapy using silicon cup markers.

Methods: Three silicon cups were attached on the dorsal surface of a female atom phantom. We evaluated the data re-

producibility with these marker cups and compared the accuracy with or without their use. For the reproducibility test, we 

scanned an object 11 times every 15 s with the 3D–OSIS and registered the differences. For the accuracy test, we positioned 

the phantom on the table and manually moved it in the X, Y, and Z directions to predetermined values. These values were 

compared to those measured with the 3D–OSIS. This process was repeated 21 times and the differences of the measured 

values were compared according to the presence or absence of markers.

Results: In reproducibility test, the mean variations for the shifts in the lateral, longitudinal, and vertical directions were 

0.15±0.22 mm, 0.47±0.13 mm, and 0.34±0.19 mm, respectively. And the mean deviations elicited based on the accuracy test 

for the manually applied and the measured shifts in the lateral, longitudinal, and vertical directions were a) 0.23±0.1 mm, 

0.044±0.39 mm, and 0.18±0.1 mm with the use of markers, and b) 0.44±0.33 mm, 0.97±0.55 mm, and 0.63±0.55 mm without 

the markers, respectively.

Conclusions: The use of silicon cup markers yielded highly accurate results in the 3D–OSIS. The use of 3D–OSIS and sili-

con cups has potential in achieving precise patient setup and in reducing the CBCT frequency in prone breast radiotherapy.

Keywords: Three-dimensional optical surface imaging system (3D–OSIS), Prone breast radiotherapy, Silicon cup marker
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Complexity Analysis of Radiation Fluence Modulation in 
Advanced Radiation Therapy

Sung Jin Kim1, Sungkyu Kim2, Youngyih Han3, Sang Hoon Jung1

1Department of Radiation Oncology, Samsung Medical Center, Seoul, Korea
2Department of Radiation Oncology, Yeungnam University Medical Center, Department of Radiation Oncology, Yeungnam University 
College of Medicine, Daegu, Korea
3Department of Health Sciences and Technology, SAIHST, Sungkyunkwan University, Department of Radiation Oncology, Samsung 
Medical Center, Seoul, Korea

Purpose: To predict delivery accuracy, we calculated complexity indices (CIs) based on the mechanical variations dur-

ing irradiation and extracted radiomic features from fluence maps. Correlation of the quantified indices and features with 

results of pre-treatment quality assurance (QA) was analyzed along with the effect on delivery accuracy. 

Methods: A total of 59 volumetric modulated arc therapy (VMAT) plans was enrolled. The plans were performed using 

Eclipse Ver. 15.6 (Varian Medical System, USA) or Pinnacle (Ver. 9.10; Philips Healthcare, USA) for 28 and 31 plans, respec-

tively. TrueBeams with HD120 or M120 (Varian Medical System, USA) were used for 30 and 29 plans, respectively. Portal 

dosimetry were used for pre-treatment QA. CIs and radiomic features of 2D shape, first order, GLCM, GLRLM, GLSZM, 

NGTDM, and GLDM were calculated. Statistical difference of the CIs and radiomic features according to classification of 

treatment planning systems (TPSs) and MLC were analyzed using Mann-Whitney test, and correlation of the factors with 

the results of VMAT QA were identified using Spearman’s test.

Results: Significant differences were found in LT and LTmean for MLC and in DRvariationi for the TPSs. Significant dif-

ferences were found in 58 of 120 features for TPSs. Significant correlation of the CIs with the QA results was found in factors 

including LT and LTmean. For radiomic features, correlation of 11 features was statistically significant, while correlation of 

21, 10, and 11 features was statistically significant for Eclipse, Pinnacle, and M120, respectively. Significant correlation of 38 

features from the plans with HD120 were observed.

Conclusions: CIs and radiomic features from fluence maps were analyzed, and correlation with pre-treatment VMAT QA 

was determined. There was a statistically significant difference in classification using MLC and a higher correlation with 

the results of QA than in the classification by TPS. As radiomic features showed a strong correlation with the results of QA, 

analysis of CIs and radiomic features can be used to predict the accuracy of treatment delivery.

Keywords: Complexity analysis, Radiomic features, Pre-treatment QA, VMAT
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A Novel Adaptive Strategy Using Beam Selection for 
Pancreatic Cancer in Carbon-ion Therapy

Motohiro Kawashima1, Mutsumi Tashiro1, Shintaro Shiba2, Toshiaki Matsui2, Shohei Okazaki2, Yang Li2,  
Shuichiro Komatsu2, Hidemasa Kawamura2, Masahiko Okamoto2, Tatsuya Ohno1,2

1Heavy Ion Medical Center, Gunma University, Gunma, Japan
2Department of Radiation Oncology, Gunma University Graduate School of Medicine, Gunma, Japan

Purpose: During carbon-ion radiotherapy for pancreatic cancer, disrupted dose distribution due to changes in gastroin-

testinal gas volume and anatomy during irradiation is an unresolved therapeutic issue. We aimed to develop a novel adap-

tive irradiation strategy for particle therapy to improve dose concentration in pancreatic cancer.

Materials: We compared dose distribution in a conventional strategy with that in the novel proposed strategy among five 

patients irradiated in 2019. Patients underwent computed tomography (CT) at every irradiation. In the proposed strategy, 

conceptually similar beams were prepared from multiple angles, and the beam that best reproduced the dose distribution 

of the treatment plan used for irradiation. The proposed strategy was evaluated with the same irradiation schedules as the 

conventional and adjusted method. Dose distributions on pre-treatment CT images were evaluated, and accumulated dose 

distributions compared between each strategy on treatment planning CT. These assessments were performed using vol-

umes receiving 95% of the prescription dose (V95) of the clinical target volume (CTV) on all CT images.

Results: The mean CTV V95 was 91.5±3.5, 96.6±1.1, and 97.8±1.2% for the conventional strategy and the proposed strate-

gies without and with adjusted schedules, respectively. The P-values of the Bonferroni test between the conventional and 

both proposed strategies were <0.001. Additionally, the high-dose areas in normal organs were similar.

Conclusions: Our adaptive strategy with beam selection showed improved target coverage without increased dose to the 

organs-at-risk, making this treatment strategy a novel option for adaptive particle radiotherapy.

Keywords: Adaptive therapy, Carbon-ion therapy, Pancreatic cancer, Radiotherapy
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Multiple Regression Analysis of the Correlation between 
PTV Dose Indexes and the Overlapping Volume

Yuki Saito1, Ryusuke Suzuki2, Naoki Miyamoto2,3, Takahiro Kanehira2, Masaya Tamura2

1Graduate School of Biomedical Science and Engineering, Hokkaido University, Sapporo, Japan
2Department of Medical Physics, Hokkaido University Hospital, Sapporo, Japan
3Faculty of Engineering, Hokkaido University, Sapporo, Japan

Purpose: Although the quality of radiotherapy plans is often evaluated qualitatively from the dose distribution, to quan-

titatively evaluate plan quality, some studies have investigated the correlation between OAR dose indexes and the ratio of 

overlap between OAR and PTV to the OAR volume (OverlapOAR). In prostate cancer, the correlations between rectum and/

or bladder dose indexes (mean dose and V75Gy) and OverlapOAR have been investigated. However, few studies have investi-

gated the correlation between PTV dose indexes and the ratio of overlap between OAR and PTV to the PTV volume (Over-

lapPTV). In this study, we investigate the correlation between PTV dose indexes and two parameters (OverlapPTV
Rectum and 

OverlapPTV
Bladder) in order to clarify the correlation between OverlapPTV and PTV dose indexes such as conformity index (CI), 

homogeneity index (HI), and modified gradient index (mGI).

Methods: To simulate various patient anatomies, 99 geometric conditions were created by changing the OAR-PTV dis-

tance and OAR volume of the AAPM TG119 prostate phantom. IMRT treatment plans (step and shoot) were created using 

the Auto-Planning module of Pinnacle3. Auto-Planning enables us to create systematic plans in a short time. The dose goals 

presented by TG119 were used and the priorities of rectum and bladder were adjusted to be close to clinical. The correla-

tions between PTV dose indexes and OverlapRectum and OverlapBladder were analyzed by multiple regression analysis under 

geometric conditions that met the TG119 dose goals.

Results: Regression equations of the various dose indexes were derived (e.g. CI=2.42×OverlapRectum−0.04×OverlapBladd

er+1.06). Fig. 1 shows the result of regression analysis of CI. Although CI and HI were strongly correlated with OverlapPTV, 

mGI didn’t moderately correlate with OverlapPTV (R=0.901, 0.904, and 0.491, respectively). This mGI result suggests that the 

extent of the low dose area (D50%) also has other factors beside OverlapPTV.

Conclusions: We have clarified the correlations between PTV dose indexes and OverlapPTV. These regression equations 

can be used as guidelines for inexperienced planners, and may reduce optimization time.

Keywords: IMRT, Prostate, Auto-Planning, Overlap volume, Multiple regression analysis

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

EP-050



Poster SessionS222

www.ksmp.or.kr

Fig. 1. Multiple regression analysis of Conformity Index.
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Dosimetric Impact of Multi-Leaf Collimator Positional 
Errors on Dose Distribution and Related Factors in 
Intensity-Modulated Radiation Therapy

Hiromi Enomoto1,2, Saki Matsumoto1, Masato Takagi1, Masato Mizuno1, Yujiro Nakajima2, Yukio Fujita2

1Department of Radiology, Kyorin University Hospital, Tokyo, Japan
2Department of Radiological Sciences, Komazawa University, Tokyo, Japan

Purpose: This study aimed to investigate the dosimetric errors and related factors using multi-leaf collimator (MLC) po-

sitional errors. In addition, the desired MLC positional accuracy was investigated for the combination of the treatment site, 

prescribed dose, and beam modality. 

Methods: Treatment plans were generated using Raystation TPS (RaySearch) using VMAT for 320 cases (20 patients, 4 

treatment sites, 2 prescribed doses, and FF or FFF beam). The prescribed doses were 78 Gy/39 fractions (conventional-frac-

tion) and 36.25 Gy/5 fractions (hypofractionated-fraction) for prostate cancer, 60 Gy/30 fractions and 52 Gy/4 fractions for 

lung cancer, 42 Gy/10 fractions and 30 Gy/3 fractions for brain metastasis, and 30 Gy/10 fractions and 16 Gy/single fraction 

for spinal metastasis. Systematic open/closed MLC positional errors (±0.25, 0.5, 1.0, and 2.0 mm in opposite directions) 

were introduced in the VMAT plans. The dosimetric impact for the targets and organs-at-risk (OARs) were evaluated based 

on the generalized equivalent uniform dose (gEUD). The correlations between gEUD deviations and plan complexity in-

dices, such as total monitor units (MUs) and MLC aperture complexity (the plan metric and the mean aperture area), were 

determined by linear regression analysis, and the MLC accuracy to maintain the target within 2% was determined.

Results: The gEUD deviations with MLC errors were strongly dependent on the treatment site. The average gEUD devia-

tions for the target were 8.94, 6.23, 5.28, and 3.54%/mm (spine, lung, brain, and prostate, respectively) and those for the 

OARs were 3.76, 2.75, 1.59, 0.52, and 0.75 Gy/mm (spinal cord, rectum, bladder, normal brain, and normal lung, respective-

ly). The gEUD deviations were larger for conventional-fraction than hypofractionated-fraction and slightly larger for FFF 

beam than FF beam. The gEUD deviations correlated with plan complexity indices in most cases (P<0.05). The correlations 

coefficient between the gEUD deviations and MUs (mean aperture area) were moderate or strong. The desired MLC accu-

racy corresponded to within 0.23, 0.33, 0.52, and 0.77 mm (spine, lung, prostate, and brain, respectively).

Conclusions: The dose error with MLC error mainly depends on the treatment site, it was related to MUs and aperture 

area, and the smallest MLC accuracy was required for spinal metastasis.

Keywords: VMAT, Treatment planning, MLC, Treatment uncertainties, MLC accuracy
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Electron Beam Simulation of Elekta Versa HD Using 
Geant4

Taiji Fukayama, Atsushi Myojoyama

Graduate School of Human Health Sciences, Tokyo Metropolitan University, Tokyo, Japan

Purpose: The main purpose of this study is to develop a device that enables electron beam scanning irradiation without 

changing structure of a medical linear accelerator. In this study, we constructed the head structure of the medical linear ac-

celerator in Geant4 to realize the electron beam simulation including the energy spectrum data.

Methods: Geant4.10.06, Ubuntu18.04 LTS, Qt5.13.0 was used as the development environment. At first, we measured 

PDD/OAR for a 9-MV electron beam of the medical linear accelerator (Versa HD, Elekta), using an ionization chamber 

(CC01, IBA) and a water phantom (BluePhantom2, IBA). Then, we described the head structure of the medical linear ac-

celerator excluding scattering foils and the water phantom in the Monte Carlo code, under the same geometry as the mea-

surement. A sensitized box for dose calculation was placed in the water phantom. We varied the scattering foil structures 

and compared the calculated PDD/OAR with measured values. At least, we found the geometrical conditions under which 

these values are in the best agreement.

Results: There is good agreement between simulated and measured PDD/OAR. The g index of PDD was less than 1 at all 

calculated points. In OAR, there were large differences from the measurement around ±50 mm, but the maximum value of 

g index was less than 2. Therefore, we can assume that the radiation quality of the simulation roughly agrees with that of the 

actual electron beam under the present geometry.

Conclusions: The main reason for the difference between measurement and simulation in OAR is thought to be the dif-

ference of scattering foil structures. To improve the simulation accuracy, we need to adjust the scattering foil structures 

more finely. In this study, we constructed the head structure of the linear accelerator in Geant4 to realize the electron beam 

simulation including the energy spectrum data. As a result, the PDD/OAR calculated by the simulation agreed well with the 

measurement, and the electron beam simulation with energy spectrum data became possible.

Keywords: Electron beam therapy, Monte Carlo simulation, Energy spectrum

Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 

EP-052



Progress in Medical Physics  32(S2), September 2021
eISSN 2508-4453

PMP 
Poster Session

Copyright ©  2021 Korean Society of Medical Physics

S225

The Control of Electron Beams Using Cavity Iron Core 
Solenoids

Hayata Sakamoto, Atsushi Myojoyama

Graduate School of Human Health Science, Tokyo Metropolitan University, Tokyo, Japan

Purpose: Currently, scanning irradiation with a high degree of freedom is used for irradiation field formation in proton 

beam and heavy particle therapy. In clinical practice, if scanning irradiation can be used in electron beam therapy as well, it 

is expected to realize simpler and more accurate irradiation field formation. In this study, we focused on the convergence of 

the electron beam emitted from the linear accelerator by using the Lorentz force due to the magnetic field. Previous studies 

have confirmed that the electron beam output from the linear accelerator is converged by the air core solenoid, but it is not 

sufficiently converged. Therefore, we examined a method that enables stronger convergence.

Methods: We inserted a cavity iron core into the air-core solenoid to improve the magnetic flux density. In addition, the 

dose distribution of the electron beam converged by the solenoid in water was measured.

Results: The magnetic flux density of the improved solenoid was increased by about 8 times. The depth dose on the cen-

tral axis increased by about 10 percent. 

Conclusions: The insertion of the cavity iron core significantly increased the magnetic flux density from the air-core sole-

noid, and the convergence of the electron beam due to the generation of the magnetic field was confirmed.

Keywords: Convergence of electron beams, Solenoid, Electron beam, Magnetic field, Lorentz force
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Estimation Method for Changes in Dose Distribution 
from Changes in Water-Equivalent Thickness in Proton 
Therapy

Yuki Nihonyanagi1, Hideaki Ueda2, Koichi Miyazaki2,3, Taeko Matsuura2,3, Kikuo Umegaki2,3,  
Naoki Miyamoto2,3, Seishin Takao2,3

1Graduate School of Biomedical Science and Engineering, Hokkaido University, Sapporo, Japan
2Faculty of Engineering, Hokkaido University, Sapporo, Japan
3Department of Medical Physics, Hokkaido University Hospital, Sapporo, Japan

Purpose: Proton therapy can provide the dose distribution that conform to the target volume because of the unique 

depth dose characteristic of proton beams. Water-Equivalent Thickness (WET) can be varied due to anatomical changes 

along the beam path. Changes in WET could be critical issue because it significantly affects dose distribution. Accordingly, 

it is necessary to quantitatively evaluate the effect of changes in WET on the dose distribution. In this study, we propose a 

method to estimate the changes in dose distribution from the changes in WET along the beam path.

Methods: The changes in depth dose for each beamlet (scanning beam) is assumed to be represented by the product of 

the derivative of Integral Depth Dose (IDD) and changes in WET. The changes in overall dose distribution is obtained by 

integrating the dose changes of all the beamlets. For the basic verification of this method, we estimated the changes in dose 

distribution when the changes in WET was given systematically. A rectangular region in the water phantom was assumed 

to be the target and irradiated with 1.5 Gy. Changes in dose distribution were estimated under the condition that WET up-

stream of the target was partially changed by 6 mm. To evaluate the accuracy of the estimation, the maximum dose increase 

and decrease were compared with those calculated with a pencil beam algorithm.

Results: The maximum dose increase and decrease were estimated to be 0.20 Gy and –0.89 Gy, respectively. In dose cal-

culation, the maximum dose increase and decrease were calculated 0.20 Gy and –0.88 Gy. Therefore, it is suggested that this 

method can accurately estimate under simple conditions.

Conclusions: A method for estimating the change of dose distribution from changes in WET was investigated, and the 

estimation accuracy was evaluated. As a further validation, we will estimate the changes in dose distribution in actual cases 

and evaluate the accuracy of the estimation.

Keywords: Proton therapy, Water-equivalent thickness
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Suppression of MV Electron Beam Scattering in a Low 
Vacuum Using a Vacuum Chamber

Yuma Hayashi, Atsushi Myojoyama

Department of Radiological Sciences, Tokyo Metropolitan University, Tokyo, Japan

Purpose: Proton beam therapy and heavy particle therapy use scanning irradiation to form the irradiation field. In elec-

tron beam therapy, scanning irradiation eliminates the need for applicator replacement. Based on the dependence of the 

electron beam on the irradiation field, it is expected that it will be possible to adjust the treatable depth by changing the 

beam diameter. In the previous study, focusing was attempted using a solenoid by simulation and measurement. As a re-

sult, it was focused in the simulation, but not focused in the actual measurement. The cause was considered to be scatter-

ing by the air layer between the solenoid and the water phantom. In this study, we report a Monte Carlo simulation to find 

the atmospheric pressure required to suppress electron beam scattering.

Methods: Geant4 was used to simulate the electron beam scattering in several air pressure. First, the geometry was cre-

ated based on the linac, focusing coil, and deflection coil used in the actual measurement. Next, the thickness of the cham-

ber lid and the degree of vacuum were varied to simulate the scattering of electron beams. After the chamber geometry was 

determined, the difference in the dose distribution between the normal irradiation field and the spot scanning field was 

simulated.

Results: As the result of Geant4 simulation, the focusing was not possible in the case that the solenoid and deflection coil 

were placed outside of the vacuum chamber, regardless of lid thickness and vacuum level. But in the case that those were 

placed in the chamber, the electron scattering was sufficiently reduced in 10 hPa of air pressure.

Conclusions: Placing the solenoid and deflector coil in the chamber enables the suppression of electron beam scattering 

in low vacuum.

Keywords: Monte Carlo simulation, Electron beam, Vacuum chamber
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Investigate the Effect of Aperture Shape Controller for 
Leaf Sequence Setting in Leaf Setting Optimization of 
VMAT

Satoshi Yasuhiro, Akihiko Hoshi

Department of Radiology, Musashino Red Cross Hospital, Musashino, Japan

Leaf setting algorithms in volumetric modulated arc therapy (VMAT) using multileaf collimators (MLC) are allowed ap-

erture shape for each segment of a leaf sequence delivery to be any subfield variations. As subfields in the aperture shape of 

MLC are increased, the radiation leakage through inter- and intraleaf transmissions increases, and this leakage causes the 

generated intensity distribution to differ from the desired one. Aperture shape controller (ASC), introduced in the Eclipse 

treatment planning system, consider the synchronized motion between the adjacent leaf pairs, which result in shaping the 

open aperture. We present the method of evaluating the change of the aperture shape formed by the synchronized proce-

dure between the adjacent leaf pairs in leaf setting algorithm using ASC and show the effect of beam dosimetry in clinical 

deliveries.

The motion of aperture shapes in the leaf sequence is defined the MLC leaves position from control points. The synchro-

nized leaf motion is obtained by calculating the difference of leaf positions between adjacent leaf pairs and measuring the 

frequency as a function of this differences. We perform the measurements with ion chambers and radiochromic films to 

evaluate the aspect of beam dosimetry for VMAT delivery using the ASC in leaf setting optimization.

It is known that the frequencies for the differences between leaf position of adjacent leaf pairs decrease in the region of 

greater differences and that increase in the region of smaller increase with the intensity of the ASC. They present that the 

leaf motions of adjacent leaf pairs are synchronized through leaf sequences due to the ASC. The measurements of dose 

deliveries for head and neck VMAT are obtained by measuring the point dose at target volumes and the dose profile on the 

frontal slice to the central axis. The amount of dose deviation from the desired dose on both measurements decreases in 

optimizing the leaf-setting with the ASC. The decreasing process presents a peak at the middle intensity of the ASC.

The synchronized leaf motion between adjacent leaf pairs in leaf sequence optimization using the ASC is an important 

step to improve the beam dosimetry in VMAT deliveries.

Keywords: Aperture shape, Volumetric modulated arc therapy, Adjacent leaf pairs, Leaf sequence optimization, Multileaf 

collimator
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Feasibility of Utilizing Reusable General-Purpose 
Bolus in Broad Beam Proton Prostate Cancer Therapy: 
Simulation Study

Kakinohana Yasumasa, Naoaki Kondo, Mayumi Yamashita, Takeshi Arimura, Takashi Ogino

Medipolis Proton Therapy and Research Center, Kagoshima, Japan

Purpose: Broad beam proton system utilizes range compensators or boluses to compensate patient’s outline and tissue 

inhomogeneity for better distal tumor dose coverage. Preparation of patient-specific compensators is time consuming and 

their mount and dismount are required for each beam during treatment. Another issue is that they are not reusable and 

should be thrown away after the treatment process. We propose reusable general-purpose boluses instead of using patient-

specific compensators to improve distal dose distribution for proton prostate therapy.

Methods: The bilateral opposite field technique is commonly used in proton therapy for prostate cancer. Patients were 

categorized into three groups (small, medium and large) according to their body sizes without considering tissue inhomo-

geneity. The group-specific virtual boluses assigning water equivalent density were designed then dose calculations were 

performed using the virtual boluses and the treatment planning system generated compensators. The field aperture of the 

multi-leaf collimator was kept the same size in both calculations for comparison.

Results: As mentioned that we did not consider the tissue inhomogeneity, therefore the distal dose conformity of the 

bolus plan is inferior to that of compensator plan, however the lateral dose conformity showed superiority. To improve the 

lateral dose conformity of the compensator plan, a larger margin should be required.

Conclusions: Further studies taking tissue inhomogeneity into account in the bolus design are needed.

Keywords: Broadbeam proton bolus compensator
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Fig. 1. Dose distributions for compensator and bolus plans.
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Simplified Sigmoidal Curve Fitting for 6 MV FFF Photon 
Beam of Halcyon to Determine Field Size for Beam 
Commissioning and Quality Assurance

Min-Geon Choi1, Mikoto Tamura, Mikoto Tamura2, Kenji Matsumoto2, Masakazu Otsuka2, Hajime Monzen2, 
Tae Suk Suh1

1Department of Biomedical Engineering and Research Institute of Biomedical Engineering, College of Medicine, the Catholic University of 
Korea, Seoul, Korea
2Department of Medical Physics, Graduate School of Medical Science, Kindai University Osaka-Sayama-Shi, Osaka, Japan

Purpose: Delivery of a single energy 6 MV flattening filter free (FFF) photon beam is a main characteristic of an O-ring 

gantry type linear accelerator (linac) Halcyon. The purpose of this study is to determine the field size of the beam through 

an application of the simplified sigmoidal curve fitting (SCF) to the beam profiles obtained from the preconfigured refer-

ence data of Halcyon, and then to compare its parametrization with the measured beam data from Halcyon. 

Methods: After a mathematical definition of the SCF using four coefficients, the defined curves were fitted to both the 

reference and measured data. When a high agreement between the fitting curve and the profiles in each data, the field sizes 

were determined by identifying the maximum point along the third derivative of the fitting curve. The curve fitting included 

the field sizes for beam profiles as 2×2, 4×4, 6×6, 8×8, 10×10, 20×20 and 28×28 cm2 as a function of depths (at 1.3, 5, 10, 20 

cm). The results of the field size from the reference data were compared with the results in the measured data using same 

condition.

Results: All fitting curves show an average agreement ratio higher than 97% and the values of goodness of fit, R2, as better 

than 0.99. The differences of the field size between the reference data and the measured data were within the range of 0 to 0.2 

cm. Difference of the field sizes at depth 10 cm which is a surface to axis distance was reported. 

Conclusions: The application of the SCF has been proved to accurately obtain the field size of the preconfigured refer-

ence and of measured FFF photon beam data for Halcyon. The current work can be useful to the beam commissioning as 

a countercheck methodology to the field size from the reference data in the treatment planning system of a newly installed 

Halcyon and to the routine quality assurance to ascertain the correctness of field sizes clinically used with the Halcyon.

Keywords: Field size, Sigmoidal curve fitting, FFF, Halcyon, Commissioning, QA
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Fig. 1.  (a) Identification of specific regions & points. (b) 
Determination of the Field size.
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Fig. 2. The fitting curves and the profiles from the reference data (RD).
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Fig. 3. The fitting curves and the profiles from the measured data (MD).
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Quantification of Temperature Equilibrium Time by 
Thermal Analysis of a Water Equivalent Phantom

Hiraku Fuse1, Masaya Yamaguchi1, Tatsuya Fujisaki1, Shinji Abe1, Kenji Yasue2, Koichi Hanada2

1Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan
2Graduate School of Health Sciences, Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan

Purpose: A water-equivalent phantom is used to measure the absorbed dose. The water-equivalent phantom should be 

in thermal equilibrium with the ionization chamber and the surrounding environment when it is installed. The objective is 

to measure the temperature equilibrium time between the surrounding environment and the water equivalent phantom, 

and to analyze the temperature distribution of the modeled water equivalent phantom.

Methods: The temperature in the water-equivalent phantom was acquired using a E-type thermocouple. The initial tem-

perature of the water phantom was 30°C with continuous cooling. The temperature is measured until temperature equi-

librium was confirmed. Using the water-equivalent phantom model as in the measurement, temperature distribution was 

simulated between 20 and 30°C with various parameters set to receive cooling from surrounding media.

Results: The temperature equilibrium with the surrounding environment took approximately 15 hours. Analysis of the 

temperature distribution showed that differences in materials, such as temperature measurement devices, affected the 

temperature distribution.

Conclusions: In this study, the temperature equilibrium time between the ambient environment and the water equiva-

lent phantom was measured and the temperature distribution of the modeled water equivalent phantom was analyzed. 

Since thermal analysis with water equivalent phantom showed that temperature equilibrium takes a long time, it is neces-

sary to place it in the same environment at least one day before the measurement.

Keywords: Temperature equilibrium time, Thermal analysis, Water equivalent phantom
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Prediction of the Fiducial Marker Recognition by Body 
Thickness Using Real-Time Tumor Tracking Radiation 
Therapy

Kenji Yasue1,2, Hiraku Fuse3, Kazuya Shinoda2, Kazunari Nitta2, Miho Kato2, Yuto Asano2, Hideaki Ikoma2, 
Tatsuya Fujisaki3, Yoshio Tamaki4

1Graduate School of Health Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan
2Department of Radiation Technology, Ibaraki Prefectural Central Hospital, Kasama, Japan
3Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan
4Department of Radiation Oncology, Ibaraki Prefectural Central Hospital, Kasama, Japan

Purpose: The recognition accuracy of the fiducial marker depends on the thickness of the patient’s body. Therefore, it is 

necessary to verify the visibility of the markers before the treatment of liver cancer with the Real-time tumor tracking radio-

therapy (RTRT) system. The purpose of this study is to predict the recognition accuracy of fiducial markers in liver stereo-

tactic body radiotherapy (SBRT) using the body thickness calculated by the treatment planning system.

Methods: Ten treatment plans of nine patients with liver cancer who underwent radiotherapy using the RTRT system at 

our institution. All fiducial markers used were VISICOIL 10 mm in length and 0.5 mm in diameter (Seti Medical, Tokyo, Ja-

pan). The water equivalent length (WEL) on the fluoroscopy beam axis was calculated using the treatment planning system. 

The Marker recognition scores during treatment were examined in relation to WEL, tube current, and Flat panel detector 

(FPD) pre-set patterns. 

Results: The relationship between WEL and tube current did not significantly differ between 100 and 140 mA. The WEL 

on the fluoroscopy beam axis was calculated using the TPS. The WEL was distributed between 17.8–39.9 cm (Median: 26.3 

cm). When the WEL was >25 cm, the mean of the marker recognition score was <20.

Conclusions: This study calculated the WEL on the fluoroscopic beam axis of liver cancer patients treated with the RTRT 

system in an attempt to predict the recognition accuracy of fiducial markers during treatment. The results suggested that 

the score and probability decreased when the WEL was greater than 25 cm. In order to ensure the tracking of fiducial mark-

ers during treatment, the WEL should be calculated before the treatment.

Keywords: Real-time tumor tracking radiotherapy, Liver cancer, Stereotactic body radiation therapy
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Determination of Depth and Fluence Scaling Factors for 
a New Solid Phantom in High-Energy Electron Beams 
Using Monte Carlo Simulations

Koichi Hanada1,2, Hiraku Fuse2, Kenji Yasue1, Tatsuya Fujisaki2, Fumihiro Tomita1

1Graduate School of Health Sciences, Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan
2Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan

Purpose: Solid Water® High Equivalency (SW557, Gammex RMI, Inc., Wisconsin, USA) has been newly developed with 

improved water equivalency and uniformity. In order to use a solid phantom instead of a water phantom, the depth scaling 

factor and the fluence scaling factor must be determined in advance. However, the scaling factors for SW557 in the electron 

beam have not yet been published in IAEA TRS-398 or the paper. The purpose of this study is to determine the depth scal-

ing factor cpl and fluence scaling factor hpl of SW557.

Methods: Depth scaling factor cpl was determined to convert the dose distribution in solid phantom to the appropriate 

depth of the dose distribution in water. And fluence scaling factor hpl was determined to convert the electrometer reading 

Mpl in solid phantom to appropriate electrometer reading Mwater in water. To calculate those scaling factors, a Monte Carlo 

simulation code, EGSnrc, was used. The determined cpl was used to correct the electron dose distribution in the solid phan-

tom and compared with the dose distribution in water. The agreement between the dose distributions of SW557 and water 

was evaluated by gamma analysis.

Results: The cpl of SW557, determined by Monte Carlo simulation, was 0.954. The statistical error of the calculation was 

at most 1%. The hpl of SW557 was 1.006, and the statistical error was at most 0.1%. The dose distribution of SW557 corrected 

with cpl and that of water agreed within 2 mm/2%.

Conclusions: Monte Carlo simulation was used to determine the depth scaling factor cpl and the fluence scaling factor hpl 

of SW557 in high-energy electron beams. The dose distribution of the corrected SW557 agrees with that of water within 2 

mm/2%, which indicates that the appropriate factors could be calculated.

Keywords: Solid phantom, Depth scaling factor, Fluence scaling factor, Electron beam, Monte Carlo
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The Fundamental Study of the Monte Carlo Verification 
System for Brachy Therapy

Fumihiro Tomita1, Hiraku Fuse2, Tatuya Fujisaki2, Kenji Yasue1, Koichi Hnanada1,2

1Graduate School of Health Sciences, Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan
2Department of Radiological Sciences, Ibaraki Prefectural University of Health Sciences, Ami, Japan

Purpose: Brachy therapy for cervical cancer is treated using applicators such as tandem and ovoid. However, the dose 

calculation algorithm for brachy therapy is based on TG-43, which is not suitable for calculating dose distribution in het-

erogeneous regions. The purpose of this study is to construct a dose calculation system using full Monte Carlo simulation 

as a quality control tool for brachy therapy. In addition, the fundamental study to verify the calculated dose distributions 

for treatment using a dose calculation system will be performed.

Methods: In order to reproduce the source of brachy therapy in a full Monte Carlo simulation, egs_brachy was used. nu-

cletron 192Ir microselectron mHDR-v2r was reproduced and the radial dose function and anisotropy function were calculat-

ed. The results were compared with the values reported in TG-43. Then, using egs_brachy, the applicator was reproduced 

and the dose distribution for brachy therapy of cervical cancer was calculated.

Results: The radial dose function and the anisotropic function calculated using egs_brachy differed from the values 

reported in TG-43 within 0.5% and 2%, respectively. The dose distribution for brachy therapy of cervical cancer was calcu-

lated by egs_brachy, and the DVHs for each organ were derived.

Conclusions: As a quality control tool for brachy therapy, the dose calculation system using full Monte Carlo simulation 

was constructed. This dose calculation system enables output of the verification results of the calculated dose distribution 

for treatment.

Keywords: TG-43, Monte Calro methods, Brachytherapy
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Development of Semi-Automatic Quality Assurance 
Tool for Radiation and Light Fields Coincidence

Sehyung Lee1,2, Bo-Wi Cheon3, Chan Hyeong Kim1, Min Cheol Han4, Seonghoon Kim5

1Department of Nuclear Engineering, Hanyang University, Seoul, Korea
2Department of Radiation Oncology, Bundang Jesaeng General Hospital, Seongnam, Korea
3Department of Radiation Convergence Engineering, Yonsei University, Wonju, Korea
4Department of Radiation Oncology, Yonsei University College of Medicine, Seoul, Korea
5Department of Radiation Oncology, Hanyang University Medical Center, Seoul, Korea

Purpose: We developed a semi-automatic film analyzer, called FSChecker, that anyone can easily evaluate a coincidence 

of radiation and light fields for quality assurance (QA) test of linear accelerator (LINAC) with no commercial program and/

or phantom.

Methods: The FSChecker was organized into two parts: (1) dedicated grid paper for (2) analyzing software coded by Mat-

lab. For the evaluation of a coincidence of radiation and light fields using FSChecker, physicist should setup a Gafchromic 

EBT film overlapped with the grid paper on light fields, and each field beam is irradiated on the film. For analysis, the irra-

diated film is scanned by any type of flatbed scanner. FSChecker dedicated software can recognize scanned images regard-

less of the color depth of scanner, i.e., a 48-bit depth generally recommended for film dosimetry or a 24-bit depth used of-

fice scanner. The analysis software supports various functions for the coincidence test, such as extraction of a specific color 

channel, window level configuration, compensation of scanned image distortion. 

Results: For the performance test, five fields from 5×5 cm2 to 20×20 cm2 at intervals of 5 cm were irradiated on a EBT film. 

Note that the quality assurance procedures of a LINAC machine used in this test were previously assessed within our toler-

ance level. From our tests, it was confirmed that the developed analyzer, i.e., FSChecker, could provide reasonable and reli-

able analysis results for a coincidence test of radiation and light fields comparing with those of detector-based QA phantom 

or a film with commercial analysis software, regardless of a scanned image depth.

Conclusions: In this study, we developed FSChecker which can analyze a coincidence of radiation and light fields in 

LINAC machine, and it was confirmed that the program provides a reasonable quality of QA results even image scanned by 

general office scanner. The two components of FSChecker, i.e., gird paper and dedicated software, is expected to download 

as a PDF and a executable file for free, and the system will be updated to support other QA procedures based on Gafchro-

mic EBT film in the future.

Keywords: Quality assurance, Light field, Radiation field, Gafchromic EBT film
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Evaluation of Deformable Image Registration 
Performance with B-spline and Optical-Flow Algorithm 
for Head and Neck Cases

Soon Sung Lee1,2, Sang Hyoun Choi1,2, Eun Kyung Paik3, Kum Bae Kim2, Wonil Jang3

1Department of Radiological & Medico-Oncological Sciences, University of Science and Technology, Daejeon, Korea
2Department of Medical Sciences, Research Team of Radiological Physics & Engineering, Korea Institute of Radiological and Medical Sciences, 
Seoul, Korea
3Department of Radiation Oncology, Korea Institute of Radiological and Medical Sciences, Seoul, Korea

Purpose: The object of this study is to estimate the accuracy of Deformable Dose Registration according to B-spline and 

Optical-flow algorithm.

Methods: In this study, 5 head and neck cancer patients who underwent replan CT (rCT) were selected. Each patient 

planning CT (pCT) and rCT were used to validate the deformable dose registration. By using deformation software Veloc-

ity AI (B-spline algorithm) and MIRADA (Optical-flow algorithm), pCT image, contour structures and plan dose were de-

formed to rCT and then deformed CT (dCT) were made. The dCT images and dose deformed by B-spline and Optical-flow 

algorithm were imported to Eclipse RTP System (Varian Medical System, Palo, CA, USA) and the deformed dose was recal-

culated. The dCT plan was adjusted same plan with rCT. To validate the accuracy of deformed dose, the deformed DVH was 

compared with recalculated dose.

Results: The mean dose was similar between deformed dose and recalculated dose in the parotid and CTV, however, in 

the spinal cord, the mean dose was most different. For the structure volumes, the parotid structure were most similar be-

tween dCT and rCT. In spinal cord, the structure volumes were most different and CTV, respectively. When the CT images 

were deformed, there was a problem that the small structures disappeared.

Conclusions: We estimated the accuracy of deformable dose registration for head and neck cases according to 2 defor-

mation algorithms. We verified that the deformed dose and recalculated dose were different according to organ structures. 

Therefore, in the future study, we will investigate that difference of dose distribution which artificially deform the CT im-

ages and organs considering the weight loss, bone flexion of patients.

Keywords: Deformable image registration, Head and neck, B-spline algorithm, Optical-flow algorithm
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Artificial Intelligence for Safer, Faster Radiotherapy

John Sage

Mirada Medical

Copyright ©  2021 Korean Society of Medical Physics

In this webinar, we will explore the evidence that radiotherapy quality affects patient outcomes. We look at the options 

available to improve radiotherapy quality and evaluate the evidence that automated AI systems can improve radiotherapy 

safety. Finally, we ask whether introducing AI brings new risks to the clinic and how systems can be implemented safely.
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RayStation and RayCare- Release Update 2021

Erik Traneus

Raysearch Lab
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RayStation is the treatment planning system selected by a majority of particle therapy centers worldwide. In this presen-

tation, starting from the RaySearch ecosystem of RayStation, RayCare and RayIntelligence, we summarize new RayStation 

functionalities released during past two years and also peek into the RayStation roadmap for coming releases. Finally, a 

snapshot from ongoing research activities relating to proton/carbon LET-optimization and planning for 3D-conformal 

FLASH therapy is provided.
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Clinical Introduction of RayStation for Carbon Ion 
Therapy at Yamagata University Faculty of Medicine

Takayuki Kanai

Department of Regional Cancer Network, Yamagata University Faculty of Medicine, Yamagata, Japan
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Yamagata University East Japan Heavy Ion Center (EJHIC) is the 7th heavy-ion therapy facility in Japan and the first one 

in northern Japan. We successfully started heavy-ion treatment for prostate cancer patients on February 25th, this year. 

RayStation, an integrated treatment planning system used for heavy-ion therapy, as well as photon and proton therapy, was 

installed in our center. RayStation implements versatile functionalities, and it strongly motivated us to choose RayStation.

In this presentation, I will introduce our commissioning processes of RayStation, including verification of CT-to-stopping 

power ratio conversion table, beam modeling, and verification of relative biological effectiveness (RBE)-calculation. The 

improvement and automation of clinical workflow using RayStation will be also presented.
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Sumitomo Heavy Industries' Experience in Korea and 
the Future of Particle Therapy Systems

Kenzo Sasai

Sumitomo Heavy Industries, Ltd., Tokyo, Japan

Copyright ©  2021 Korean Society of Medical Physics

Sumitomo Heavy Industries, Ltd. (SHI) aims to create a world where people can live long and healthy lives even after suf-

fering from cancer by providing particle therapy systems. To date, Sumitomo Heavy Industries has delivered proton therapy 

systems to 7 facilities and 15 treatment rooms, mainly in Asia. 

In Korea, we delivered a proton therapy system to Samsung Medical Center in 2015, and it has contributed to the treat-

ment of more than 2,000 patients to date. 

We are developing the next generation model of proton therapy system to make it easier for hospitals to introduce and 

for patients to access. We are also working on the development of FLASH and other devices to enhance the clinical utility of 

proton therapy. 

In this presentation, I will talk about SHI’s experience in Korea and future product development.
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Precision Radiation Medicine - Improving ACCESS 
through Automation

Sarmiento, Raniel
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Adaptive Radiotherapy: Insights for Ethos Clinical 
Implementation

Jeremy Booth

Department of Radiation Oncology, Royal North Shore Hospital, University of Sydney, Sydney, Australia

Copyright ©  2021 Korean Society of Medical Physics

This presentation will you guide you through background and perspectives on the use of artificial intelligence in medi-

cine and specifically radiation oncology. We’ll introduce the Ethos system capabilities, the Advanced Intelligence Consor-

tium and the RNSH experience with Ethos implementation. Ethos can be a disruptive device for good, shifting adaptive 

radiotherapy to be all radiotherapy.
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Building Future QA Solutions for Patient Safety with 
LAP

Elaine Mathews

LAP GmbH Laser Applikationen
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The presentation today will highlight LAP’s products, focusing predominantly on the QA products for a Radiotherapy de-

partment.

A glance through of the long-standing Phantoms. Moving on to highlight LAP’s 3D motorized water phantoms for the 

commissioning and QA of closed bore LINACS. THALES 3D MR Scanner for MR- LINACS, currently supporting the MRId-

ian LINAC and the THALES 3D Scanner (non-MR) for Varian Halcyon and Ethos LINACS.

The product consists of the hardware and software components notably dedicated to the closed bore type LINACS. A user 

experience will be shared which includes, his comments and data review on the ETHOS and MRIdian.

The second QA product highlighted will be the software RadCalc, used for the second check of treatment plans.

The presentation will showcase the treatment machines, techniques and planning systems supported by RadCalc, the 

Monte Carlo and Collapsed Cone 3D calculations and analysis tools, the Intelligent Automation tool and the release of the 

3D EPID module.
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deliver radiation therapy. 
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Varian Korea
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Cancer touches us all in one way or another. That’s why every effort put into the fight 

must tear down the walls separating patient from progress with more intelligent ideas 

and answers. Intelligent Cancer Care™ is building shorter paths from research to remission. 
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코어라인소프트

Deep Learning-Based
Multi-Organ Auto Segmentation

AVIEW   RT Auto Contouring

Providing initial contours for normal organs at risk covering Abdomen and Chest/Breast parts
Reducing total contouring time by up to 80%
Improving plan consistency by ESTRO/RTOG guidelines
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Oncology Planning with Greater Precision.
Aquilion LB makes it easy to marry radiation therapy with CT simulation positioning,  
combining the largest bore and true FOV to cover more anatomy with greater accuracy.

Every time, for every patient, without compromise.

Oncology
Oncology solutions

made possible.
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마중솔루션
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(주)삼원테크놀로지스

㈜삼원테크놀로지스
www.samone-technologies.com

HealVue ambient healing audiovisual solution that helps patients therapy be better

HealVue는 자연테마 동영상, 음악, 사운드, 조명을 이용하여 환자와 내원객, 의료진의 심리적

안정에 도움을 줄 수 있도록 예술과 과학을 의료분야에 적용한 신개념 힐링 솔루션입니다.

HealVue는 Wavecare의 고품격 영상 음악으로 힐링효과를 차별화하고 완성합니다.

호흡동조화면연동 (ABC) 호흡동조화면연동 (RPM) 환자와보호자화상소통 콘텐츠/조명통합제어
콘트롤박스

임상효과

•환자의심리적안정감과함께자발적참여를유도하여치료또는검사과정에도움을줍니다.

•긍적적인분위기연출로의료진의만족도와몰입도를높혀줍니다.

•약물진정(Sedation)의필요성을줄일수있습니다.

•약물치료(Medication)의효과를높힐수있습니다.

•통증완화관리(Pain Management)에도움을줄수있습니다.

(주)삼원테크놀로지스 / SamOne Technologies Ltd. ㅣwww.samone-technologies.com
Tel : 02-533-1661ㅣFax : 02-584-7489ㅣEmail : healvue@samone-technologies.com

적용분야

•방사선종양학과

•핵의학과

•영상의학과

•정신건강의학과

•분만실

•소아진정실

•병실

•로비/외래/복도/대기공간
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Instructions for Authors

 Progress in Medical Physics (PMP) encompasses all aspects 
of research related to the physics in medicine and biology. 
The content of manuscript should not be published previous-
ly nor submitted concurrently for the publication elsewhere.

1. ETHICS IN PUBLISHING

All authors have to read and agreed to its content and that 
the manuscript conforms to the journal’s policies Ethics in 
publishing. Please see our information pages on Ethics in 
publishing and Ethical guidelines for journal publication.

2. ELECTRONIC SUBMISSION OF MANUSCRIPT

Manuscripts in English should be submitted to the Editorial 
Committee by through the on-line submission system acces-
sible at the homepage (http://www.progmedphys.org/sub-
mission/Login.html). A separate letter previously published 
paper should be submitted. Electronic manuscripts should 
be prepared using the Microsoft Word. Authors may submit 
their manuscript and track their progress to final decision. 
Reviewers can download manuscripts and submit their re-
port to the editor. All manuscripts are peer reviewed.

3. PEER REVIEW PROCESS

All manuscripts are sent to the referees selected by the Edito-
rial Committee for the peer review and acceptance, rejection, 
or recommendations for revision is decided. This journal op-
erates a single blind review process. All contributions will be 
initially assessed by the editor for suitability for the journal. 
Papers deemed suitable are then typically sent to a minimum 
of two independent expert reviewers to assess the scientific 
quality of the paper. The Editor is responsible for the final de-
cision regarding acceptance or rejection of articles. The Edi-
tor's decision is final. 

4. TYPES OF ARTICLES

Submissions can be in the form of (1) Original articles, (2) 
Review articles, (3) Technical notes, and (4) Letters to the 
editor. 

(1) Original articles (Word limit 8,000 words)
Original articles should describe the aspects of transla-
tional research within the scope of the journal. Papers 
should have original contents or in-depth analysis and 
should not have been already published. Critical and new 
results of experiments or theories should be described in 
full-length research papers.

(2) Review articles (Word limit 14,000 words)
These articles should be critical, in-depth literature-based 
reviews that include the author's perspective. The reviews 
should not merely be catalogs of the literature; instead 
they should provide the expert’s perspective. Reviews 

must include a statement of literature search that explains 
the search methodology used along with the author's 
criteria for including/excluding articles. Review articles 
must include a narrative abstractive that summarizes the 
key elements of the review.

(3) Technical notes (Word limit 4,000 words)
Technical notes should be in the form of a brief communi-
cation highlighting the details of a medical physics or bio-
logy, which effectively address a clinical issue or problem. 
Articles in this category introduce scientific work on novel 
skills dealing with new methods and techniques. 

(4) Letters to the editor (Word limit 2,000 words)
Any issues of interests to the journal readership may be 
contained in letters to the editor. Letters concerning arti-
cles published earlier will generally be sent to the author 
of the previous research for possible response before pub-
lication.

5. MANUSCRIPT PREPARATION GUIDELINE

(1) Title page
Title page should be submitted separately with main 
manuscript. Title page must contain the following infor-
mation: 

• Title
Concise and informative. Titles are often used in infor-
mation-retrieval systems. Avoid abbreviations and for-
mulae where possible.

• Author names and affiliations
Please clearly indicate the given name(s) and family 
name(s) of each author and check that all names are 
accurately spelled with positions and ORCIDs. You can 
add your name between parentheses in your own script 
behind the English transliteration. Present the authors' 
affiliation addresses (where the actual work was done) 
below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's 
name and in front of the appropriate address. Provide 
the full postal address of each affiliation, including the 
country name and, if available, the e-mail address of 
each author.

• Corresponding author
Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publica-
tion. This responsibility includes answering any future 
queries about Methodology and Materials. Ensure that 
the e-mail address is given and that contact details are 
kept up to date by the corresponding author.

• Present/permanent address
If an author has moved since the work described in the 

Enacted October 1990
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article was done, or was visiting at the time, a 'Present 
address' (or 'Permanent address') may be indicated as 
a footnote to that author's name. The address at which 
the author actually did the work must be retained as the 
main, affiliation address. Superscript Arabic numerals 
are used for such footnotes. 

(2) Main manuscript
• Abstract and Keywords

The Abstract should be structured in sub-sections (Pur-
pose, Methods, Results, and Conclusions). A concise 
and factual abstract is required. The abstract should 
state briefly the purpose of the research, the principal 
results and major conclusions. An abstract is often pre-
sented separately from the article, so it must be able to 
stand alone. Non-standard or uncommon abbreviations 
should be avoided, but if essential they must be defined 
at their first mention in the abstract itself. At the end of 
the abstract, keywords (not more than five) must be in-
cluded to be used for indexing and bibliography search-
ing. The Abstract should be no longer than 300 words. 
For the selection of keywords, refer Medical Subject 
Heading in Index Medicus or in internet site, http://
www.nlm.nih.gov/mesh/MBrowser.html.

• Introduction
State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a 
summary of the results. Take particular care in describ-
ing the motivations for the study and its interest for the 
current research in the field.

• Materials and Methods
Sufficient details should be provided to allow the work 
to be reproduced by an independent researcher. Already 
published methods should be summarized, and indicat-
ed by a reference. Any modifications to existing methods 
should be described. The section related to statistical 
analysis should have information on applied statistical 
tests and programs. 

• Results
Results should be clear and concise. They should con-
tain a description of the findings of the study, without 
a repetition of the ways in which those findings have 
been obtained (which should appear in the Material and 
Methods section) and without authors' own comments 
on those findings (which should appear in the Discus-
sion section).

• Discussion
This should explore the significance of the results of the 
work, not repeat them. A combined Results and Discus-
sion section is not considered appropriate, unless for 
Technical Notes. Avoid extensive citations and discus-
sion of published literature.

• Conclusions
The main conclusions of the study should be presented 
in a short Conclusions section, which may stand alone 
or form a subsection of a Discussion section.

• References
References should be cited with Arabic numerals in 

brackets, numbered in the order cited, e.g. [1, 3-5]. Ref-
erences in the list should be the following format with 
names and initials of all authors when six or fewer, oth-
erwise only the first three adding “et al.”. 
- Book

1. Khan FM. The physics of radiation therapy. 4th ed. 
Philadelphia: Lippincott, Williams & Wilkins; 2009:11-
31. 

- Book chapter
2. Chen GTY, Pelizzari CA: Imaging in radiotherapy. 
Treatment Planning in Radiation Oncology. Balti-
more: Williams & Wilkins; 1998:11-31. 

- Journal article
3. Park JM, Kim JI, Choi CH, Chie EK, Kim IH, Ye SJ. 
Photon energy-modulated radiotherapy: Monte Carlo 
simulation and treatment planning study. Med Phys. 
2012;39:1265–77.

- In press
4. Meckley T, Reed Y, Greenfield R. Giant cell forma-
tion in rabbit long-term bone marrow cultures. J Bone 
Miner Res 2003. doi: 10.1359/JBMR.0303011. 

- Website
5. Hooper JF. Psychiatry & the Law: Forensic Psychiatric 
Resource Page. Tuscaloosa (AL): University of Alabama, 
Department of Psychiatry and Neurology, 1999 [cited 2007 
Feb 23]. Available from: http://bama.ua.edu/~jhooper/.

- Report 
6. ICRU Report 35. Radiation dosimetry: electron 
beams with energies between 1 and 50 MeV. ICRU Re-
port. Bethesda: ICRU. 1984;35. 

- Proceedings
7. Sohnle PG, Hahn BL, Fassel TA, Kushnaryov VM. 
Analysis of fluconazole’s effects on Candida albicans 
viability during extended incubations. Paper presented 
at: 13th Congress of the International Society for Hu-
man and Animal Mycology; 1997 Jun 8-13; Parma, 
Italy.

- Thesis
8. Kim KS. Pathology review [dissertation]. Seoul: Ko-
rea University; 2012.

• Figures and Tables
Each figure as an individual file that is separate from 
the manuscript in submission system. The figure label 
and figure title is required for figure captions. When 
naming your figures, match the figure file name and the 
caption label with the corresponding in-text citations in 
the manuscript. Example: a figure file named “Fig1.tif” 
should match the citation “Fig 1” and the figure label “Fig 
1.” in the caption.

• Author Contributions
The contributions of all authors must be described. PMP 
has adopted the CRediT Taxonomy to describe each 
author’s individual contributions to the work. Author 
should use the CRediT taxonomy to describe each con-
tribution. Please see the full list of roles at CRediT web-
site (https://casrai.org/credit/).
The submitting author is responsible for providing the 
contributions of all authors at submission. The descrip-
tion for Author Contributions should be separately sub-
mitted with main manuscript. 
All authors should be have reviewed, discussed, and 
agreed to their individual contributions ahead of this 
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time. Contributions will be published with the final ar-
ticle, and they should accurately reflect contributions to 
the work. PMP will contact all authors by email at sub-
mission to ensure that they are aware of the submission. 
- Example of author contributions: 

Conceptualization: ***, ***. Data curation: ***, ***. 
Formal analysis: ***, ***. Funding acquisition: ***, ***. 
Investigation: ***, ***. Methodology: ***, ***. Project ad-
ministration: ***, ***. Resources: ***, ***. Software: ***, 
***. Supervision: ***, ***. Validation: ***, ***. Visualiza-
tion: ***, ***. Writing – original draft: ***, ***. Writing – 
review & editing: ***, ***.

• Acknowledgements
Collate acknowledgements in a separate section at 
the end of the article before the references and do not, 
therefore, include them on the title page, as a footnote 
to the title or otherwise. List here those individuals 
who provided help during the research (e.g., providing 
language help, writing assistance or proof reading the 
article, etc.).

• Formatting of Funding Sources
List funding sources in this standard way to facilitate 
compliance to funder's requirements:
Funding: This work was supported by the National In-
stitutes of Health [grant numbers xxxx, yyyy]; the Bill & 
Melinda Gates Foundation, Seattle, WA [grant number 
zzzz]; and the United States Institutes of Peace [grant 
number aaaa].
It is not necessary to include detailed descriptions on 
the program or type of grants and awards. When fund-
ing is from a block grant or other resources available to a 
university, college, or other research institution, submit 
the name of the institute or organization that provided 
the funding.
If no funding has been provided for the research, please 
include the following sentence:
This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

6. ADDITIONAL INFORMATION

(1) Copyright
The authors grant the Progress in Medical Physics to own 
the full copyright of the final version of this article once it 
is accepted for publication.
The authors hereby warrant that this article is an original 
work, has not been previously published elsewhere either 
in printed or electronic form and is not under consider-
ation for publication elsewhere.
The authors hereby warrant that this article contains no 
violation of any existing copyright.
The authors will indemnify the Editors and the Progress 
in Medical Physics against all claims and expenses arising 
from any breach of this warranty on the authors’ behalf in 
this Agreement.
The authors hereby warrant that they have obtained per-
mission from the copyright owner to reproduce in this 
article (in all media including print and electronic form) 
material not owned by the authors, and that they have ac-
knowledged the source.

The authors attest that they have herein disclosed any 
and all financial and other relationships that could be 
construed as conflicts of interest, and that all sources of 
financial support for this study are disclosed in the manu-
script.
The authors warrant that research involving human 
subjects and animals was approved by the applicable in-
stitutional ethics committee or review board and that all 
experiments were conducted in conformity with ethical 
and humane principles of research.

(2) Registration of the Clinical Research and Data Sharing Policy
Any research that deals with clinical trial should be reg-
istered to the primary national clinical trial registration 
site such as http://cris.nih.go.kr/cris/index.jsp, or other 
sites accredited by World Health Organization or ICMJE 
(http://www.icmje.org/recommendations/browse/pub-
lishing-and-editorial-issues/clinical-trial-registration.
html).
This journal follows the data sharing policy described in 
“Data Sharing Statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal 
Editors”. The ICMJE's policy regarding trial registration is 
explained at http://www.icmje.org/recommendations/
browse/publishing-and-editorial-issues/clinical-trial-
registration.html. If the data sharing plan changes after 
registration this should be reflected in the statement sub-
mitted and published with the manuscript, and updated 
in the registry record.-and-editorial-issues/clinical-trial-
registration.html. If the data sharing plan changes after 
registration this should be reflected in the statement sub-
mitted and published with the manuscript, and updated 
in the registry record.

(3) Charges
PMP levies an article-processing charge of KRW 300,000 
for each article accepted for publication, including VAT. 
We can waive charges for non-Korean authors under ap-
proval of editorial board. Authors can request a waiver or 
discount during the submission process.

(4) Communications to the publisher
We invite inquiries to the editorial management team 
at any time during the editorial process. For all matters 
concerning presubmission, editorial policies, procedures, 
business inquiries, subscription information, orders, or 
changes of address, please contact editorial office.

(5) Publishing period
Publishing Date The journal is published quarterly at the 
end of March, June, September, and December.

Manuscripts should be submitted to:
   The Editorial Office Progress in Medical Physics
   Department of Radiation Oncology, 
   Seoul National University Hospital, 
   101 Daehak-ro,Jongno-gu, Seoul 03080, Korea
   Tel: +82-2-2072-4157, Fax: +82-2-765-3317
   Web: www.progmedphys.org
   E-mail: journal@progmedphys.org
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 Several months ago the president of the International Or-
ganization of Medical Physics (IOMP) asked Dr. W. Hendee to 
write a Bill of Rights for Scientists and Engineers. His request, 
subsequently endorsed by the IOMP Council, reflected con-
cerns about the intrusion of political, cultural and religious 
pressures upon the research of scientists and engineers, and 
upon the dissemination of the results of research to govern-
mental policy-makers and to the public at large. The Bill of 
Rights reproduced below responds to the IOMP president’s 
request, and has been approved by the IOMP Council. The 
Bill of Rights has been sent to the International Federation of 
Medical and Biological Engineering forits consideration, and 
will ultimately be submitted to the International Union for 
Physical and Engineering Sciences in Medicine. 
 A few months ago the IOMP Publications Committee, 
which Dr. W. Hendee chair, approved an editorial on A Con-
cern about Plagiarism that subsequently has been published 
in many of the world’s medical physics journals, including 
Medical Physics. The IOMP Publications Committee intends 
to disseminate the present editorial, in which the Bill of 
Rights for Scientists and Engineers is embedded, to the same 
journals for potential publication. The Publications Commit-
tee is composed of the editors of all of the world’s medical 
physics journals including "Progress in Medical Physics" that 
we know about, so a decision to disseminate the editorial by 
the Publications Committee is in effect a proposal to the edi-
tors to publish the editorial.

Bill of Rights For Scientists and Engineers

Preamble
 A scientist or engineer (S/E) uses understanding, insight 
and ingenuity to discover newknowledge and to create new 
technologies that benefit individuals and societies. In pursu-
ing these goals, a S/E must be free to theorize and experiment 
unimpeded by political pressures, religious dogma or fear of 
reprisal. Preservation of this freedom is the purpose of the 
Bill of Rights for Scientists and Engineers. The Bill of Rights is 
consistent with the Statement on the Universality of Science 
of the International Council for Science (ICSU). 

Articles
1. A S/E is an individual who uses a scientificapproach in 

the pursuit of new knowledge and technologies. A S/E is 
not required to possess any specific credential such as an 
academic degree, appointment in an institution, funding 

by an agency, or membership in an organization.
2. Science and engineering may be practiced in any loca-

tion; they are not confined to academic institutions, 
government facilities, or industrial settings. An individual 
using a scientific approach in a home laboratory is pursu-
ing science or engineering just as is a S/E employed by an 
institution, industry or government agency. No prejudice 
towards the work of a S/E shall be exercised based on an 
individual’s affiliation or lack thereof with a particular in-
stitution, organization or agency.

3. A S/E shall not be dissuaded from pursuing scientific 
inquiry because of political or religious concerns, or be-
cause the inquiry deviates from a conventional perspec-
tive. 

4. A S/E shall be able to use any approach to new knowledge 
and technologies, limited only by the restrictions that the 
approach follows sound scientific principles and does not 
violate societal ethical precepts.

5. A S/E shall be free to collaborate with other individuals in 
the same or other locations, with the understanding that 
collaboration may require covenants protecting confi-
dentiality and intellectual property. 

6. A S/E shall not be subject to restraints in the presentation 
and publication of results that are imposed by political 
or religious entities or because the findings conflict with 
traditional knowledge. Scientific and engineering results 
should always be evaluated on their merits and not be-
cause of preconceived notions of "truth". 

7. A S/E shall decide who should coauthor scientific pub-
lications based on well-established guidelines for co-
authorship. Courtesy authorship to senior personnel in a 
S/E’s laboratory or institution is unacceptable. 

8. A S/E shall strive to ensure that scientific results are wide-
ly accessible to the scientific community.

9. A S/E should object to misuse of research findings for po-
litical, ideological or financial purposes. 

10. At all times a S/E shall adhere to universal ethical and 
moral standards. 

William Hendee, Ph.D.
Editor, Medical Physics

Chair, Publications Committee 
International Organization of Medical Physics

A Statement of The Rights of 
Scientists and Engineers 
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Author’s Checklist

Title of Manuscript:  

Corresponding Author:  

1. General format
☐ Please read the author instructions and policy carefully prior to submitting manuscript.

☐ Please arrange manuscript in the order of the title page, abstract, introduction, materials and methods, results, 
discussion, conclusion, and references.

☐ Please confirm the original file do not include the author information (name, affiliation) in PDF version

☐ Tables or figures (photograph, graph) must be cited in the text.

☐ All figures should be in higher resolution.

☐ For the first reference of a used product, please write in the order of the product name, manufacturer, city (state), and 
country.

☐ References must be quoted in the text and numbered in order.

☐ Please revise the references as indicated by the submission guidelines.

☐ All references must be written in English.

References guideline (putting a period for the separation of each item)

References should be referred with the superscripts of number as appeared in the text in half-parenthesis, e.g. 1, 
3-5). References in the list should be the following format with names and initials of all authors when six or fewer, 
otherwise only the first three adding “et al.”.

- Book
1. Khan FM. The physics of radiation therapy. 4th ed. Philadelphia: Lippincott, Williams & Wilkins; 2009:11-31.

- Chapter
2.  Chen GTY, Pelizzari CA: Imaging in radiotherapy. Treatment Planning in Radiation Oncology. Baltimore: Williams 

& Wilkins; 1998: 11-31.

- Journal
3.  Park JM, Kim JI, Choi CH, Chie EK, Kim IH, Ye SJ. Photon energy-modulated radiotherapy: Monte Carlo simulation 

and treatment planning study. Med Phys. 2012;39: 1265–77.

- Report
4.  ICRU Report 35. Radiation dosimetry: electron beams with energies between 1 and 50 MeV. ICRU Report. Bethesda: 

ICRU. 1984; 35.

- Proceedings
5.  Marx K, Engles F: The Communist Manifesto. New York: Norton; 1988:55. 6. Publishing Date The journal is 

published quarterly at the end of March, June, September, and December
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2. Title page
☐ Please indicate the type of the article (Original article, Review article, Case report, etc.) on the right top of the cover.

☐ Please check the title page include; manuscript title, information on the authors (name, affiliation, address and email 
address), manuscript type.

☐ Please write the contact details (post code, address, phone, fax and email address) of the corresponding author.

☐ Please confirm all the names of the authors and their positions are listed along with the superscript numbers. An author's 
English name is a full name and is in the order of 'the first name and the last name'.

 The authors have reviewed this Checklist and have complied with its requirements, and submit with the manuscript in 
the PMP. (Type in name above Type in date below)

 Corresponding author              Date  
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Copyright Assignment Form

Manuscript Title: 

Corresponding Author’s Name: 

Corresponding Author’s Address: 

Telephone/Fax Numbers: 

The authors grant the Progress in Medical Physics to own the full copyright of the final version of this article once it is accepted 
for publication.

The authors hereby warrant that this article is an original work, has not been previously published elsewhere either in printed 
or electronic form and is not under consideration for publication elsewhere.

The authors hereby warrant that this article contains no violation of any existing copyright.

The authors will indemnify the Editors and the Progress in Medical Physics against all claims and expenses arising from any 
breach of this warranty on the authors’ behalf in this Agreement.

The authors hereby warrant that they have obtained permission from the copyright owner to reproduce in this article (in all 
media including print and electronic form) material not owned by the authors, and that they have acknowledged the source.

The authors attest that they have herein disclosed any and all financial and other relationships that could be construed as 
conflicts of interest, and that all sources of financial support for this study are disclosed in the manuscript.

The authors warrant that research involving human subjects and animals was approved by the applicable institutional ethics 
committee or review board and that all experiments were conducted in conformity with ethical and humane principles of 
research. 

Each author must sign below. 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 

Printed name  Signature Date 
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Research and Publication Ethics

 Compliance with ICMJE Recommendations: The journal adheres completely to the ethical guidelines for research and 
publication described in Guidelines on Good Publication (http://publicationethics.org/resources/guidelines), the ICMJE 
Guidelines (http://www.icmje.org), and Principles of Transparency and Best Practice in Scholarly Publishing (joint statement 
by COPE, DOAJ, WAME, and OASPA,  https://publicationethics.org/news/principles-transparency-and-best-practice-
scholarly-publishing-revised-and-updated).

1. Plagiarism, Forgery, Alteration

The authors do not present others' ideas, information, research process, contents, and/or results without proper 
authorization or citation. The authors should not record or report with fabricated data, research results that do not present, 
falsified research data and processes, or results to distort research process.

2. Originality and Duplicate Publication

All submitted manuscripts must be original and should not be submitted to other scientific journals for publication 
simultaneously. Duplication of any part of the accepted manuscript should not be occurred in any other scientific journal 
without the permission of the Editorial Board. If duplicated publication related to the papers of this journal is perceived, the 
author(s) will be announced in the journal, their institutions will be informed, and there will be penalties for the author(s).

3. Authorship

Authorship credit should be based on 1) substantial contributions to the conception or design of the work; or the 
acquisition, analysis, or interpretation of data for the work; 2) drafting the work or revising it critically for important 
intellectual content; 3) final approval of the version to be published; and 4) agreement to be accountable for all aspects of 
the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated 
and resolved. Authors should meet conditions of 1, 2, 3, and 4.

-  Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for 
the work; AND 

- Drafting the work or revising it critically for important intellectual content; AND

- Final approval of the version to be published; AND

-  Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved

4. Conflict-of-Interest Statement

The corresponding author has a responsibility to inform the editors of any potential conflicts of interest that could influence 
the authors' interpretation of the data. Examples of potential conflicts of interest are financial support from or connections 
to companies, political pressure from interest groups, and academically related issues. Specifically, author(s) must explicitly 
state all sources of funding applicable to the study.

Any potential conflict of interest such as financial or personal connection must be stated on manuscripts.

5. Selection and Description of Participants

Ensure correct use of the terms sex (when reporting biological factors) and gender (identity, psychosocial or cultural 
factors), and, unless inappropriate, report the sex and/or gender of study participants, the sex of animals or cells, and 
describe the methods used to determine sex and gender. If the study was done involving an exclusive population, for 
example in only one sex, authors should justify why, except in obvious cases (e.g., prostate cancer). Authors should define 
how they determined race or ethnicity and justify their relevance.

Enacted January 1, 2018
Revised March 31, 2020
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6. Statement of Informed Consent

Copies of written informed consent and Institutional Review Board (IRB) approval for clinical research should be kept. If 
necessary, the editors or reviewers may request copies of these documents to resolve any questions about IRB approval and 
study conduct. The research including clinical data needs descriptions of approval from IRB.

7. Statement of Human and Animal Rights

Clinical research should be done in accordance with the Ethical Principles for Medical Research Involving Human Subjects, 
as outlined in the Helsinki Declaration of 1975 (revised 2013) (https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-human-subjects/). Clinical studies that do not meet the Helsinki 
Declaration will not be considered for publication. For publication, the human subjects' identifiable information, such 
as the patients' names, initials, hospital numbers, dates of birth, or other protected healthcare information should not be 
disclosed. For animal subjects, the research should be performed based on the National or Institutional Guide for the Care 
and Use of Laboratory Animals, and the ethical treatment of all experimental animals should be maintained. 

8. Secondary Publications

Republishing manuscripts is allowed only if the manuscripts satisfy the conditions of secondary publication of the 
Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly work in Medical Journals (http://www.
icmje.org/recommendations/); International Committee of Medical Journal Editors [ICMJE]).

9. Citation and Reference

When citing published articles, authors strive to accurately describe them, and must clearly disclose their sources unless 
the data belonging to common sense. In the case of data obtained through personal contact, it can be cited only after the 
consent of the information provided by the researchers. If authors cite (refer) the writings of others, or borrow an idea, 
authors must disclose quotation or reference in footnotes (ending). These denote the results of previous studies and ensure 
that the reader to know which is authors' creative interpretation.

10. Plagiarism check

All submitted manuscripts will be examined for originality (plagiarism) with CrossCheck screening prior to the peer review. 
Authors are expected to conform to best practices in publication ethics, especially regarding authorship, dual publication, 
plagiarism, figure manipulation, and competing interests. In case of any research misconduct, further actions should 
comply with the Committee of Publication Ethics (COPE) flowchart (https://publicationethics.org/resources/flowcharts).

11. Research and Publication Ethics Regulation and Role of Editorial Board

The editorial board operates a Research Ethics Council (the Council hereafter) for consideration of research ethics and 
related issues. The Editor-in-Chief of Progress in Medical Physics is the chair of the Council. The members of Council are 
decided by the Editorial Board committee of the Korean Society of Medical Physics (KSMP). The roles of the Council are 
as follows: reviewing research ethics issued from the publication of submitted papers (original articles, technical reports, 
review articles and others) and reviewing any forgery, alteration, plagiarism, wrongful research paper author indication, or 
multiple or duplicates publication allegations for published papers.

12. Administration of Research and Publication Ethics Violation

In case of any ethics violations, duplicate, or divided publication, the Council can take disciplinary action to member 
who violate the regulation. The type of action are warnings, membership suspension or membership deprivation. The 
manuscripts even if already published, Council should withdraw the manuscripts and Council should take retraction 
notice in the next issue and inform to related academic institutions. The Council is composed of at least five members. 
The Council members are appointed by the president on the recommendation of the board of directors. If duplicated or 
divided publication or any other ethical violation was confirmed, manuscripts even if already published will be retracted 
with a notice published in the next issue, as well as to related academic institutions. Retraction notice take same form as the 
general thesis and not take a form like announcement or letter to the editor. Author who violates this policy or general ethics 
cannot submit research for next two years.
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Korean Society of Medical Physics Bylaws

1. (Journal title) The first issue was published in October 
1990. The Korean title of the official journal published 
by the Korean Society of Medical Physics (the “Society”) 
shall be “의학물리” (pronounced as ‘Uihangmul-ri’). 
The English title is “The Journal of Korean Association of 
Physicists in Medicine” (“the Journal”). (September 1990)

2. (Official website of the journal) The official website of the 
journal shall be www.progmedphys.org (added in March 
2015).

3. (Change in the journal’s title) The official title of the 
journal shall be “Progress in Medical Physics,” with the 
subtitle “의학물리,” and shall be abbreviated as “Prog. 
Med. Phys.” or “PMP.” The copyright notice, aim, and 
scope shall be written in English (added in June 2012).

4. (Editor-in-chief ) The Academic Director shall be the 
Editor-in-chief (added in September 1990).

5. (Editor-in-chief and Editors) The Editor-in-chief and 
Editors shall be in charge of the timely publication of the 
journal.

6. (Editor-in-chief) The Editor-in-chief shall be responsible 
for the publication of the journal and relevant affairs.

7. (Terms of Editor-in-chief ) The role of the Editor-in-chief 
is the same as that of the President. The term of Editor-in-
chief shall be two (2) years under the article 20 in chapter 
4 of the detailed rule of KSMP. Because of the nature of 
the field, the Editor-in-chief may serve for consecutive 
terms. The Editor-in-chief may be asked to give up his or 
her position upon the decision of the President, if this is 
necessary for administrative reasons or the development 
of the Society.

8. (Editors) Special committees can be appointed as deemed 
necessary. One committee shall consist of approximately 
20 members. One editor shall be appointed as the sec-
retary editor to assist the Editor-in-chief. Editors may be 
appointed from among the members who are actively 
pursuing research and capable of the globalization of the 
journal, as well as from among non-members.

9. (Foreign editors) One to three editors shall be appointed 
from among the members of the Korean Association of 
Medical Physics in North America (the “KAMPiNA”). 
Foreign citizens can be appointed as editors.

10. (Editorial Board meetings) The Editorial Board shall meet 
in person, via e-mail, or via video conference when a 
meeting is called.

11. (Role of the Society) The Society, in addition to its own 
operations, shall do its best to support the Editorial Board 
in ensuring sustainable and flourishing publications 
of the journal. To ensure fairness in the selection 
procedures, the Society, in principle, shall not intervene 
in the editorial processes.

12. (Manuscript editor) A manuscript editor shall be 
appointed to facilitate the submission, review, and 
editing operations of the journal, and shall receive pre-

determined benefits.
13. (Submission of manuscript) The submission of a manu-

script for publication shall be subject to the submission 
guidelines and author checklist set elsewhere.

14. (The first author) In principle, the first author and 
corresponding author of a submitted manuscript should 
be identical. However, a joint paper from a research 
project with funding greater than KRW 1 billion, including 
collaborative work on a subtopic with funding of less 
than KRW 1 billion, may list another author as the 
corresponding author.

15. (Submission) Authors shall be informed of and ack-
nowledge the “Instructions to Authors” regarding dup-
licate submissions, as set forth by the Editorial Board.

16. (Order of pages) Original papers, technical reports, and 
review articles shall be formatted in the order as follows: 
English title, English author names and affiliations, 
English abstract, main text (Introduction, Materials and 
Methods, Results, Discussion, Conclusion), References 
(revised in March 2019).

17. (Plagiarism review) A manuscript shall be subject to a 
plagiarism review by crosschecking  information prior to 
submission (added in February 2015).

18. (Ethical guidelines) A submitted manuscript shall be 
subject to the ethical guidelines set forth by the journal. 
(Set forth elsewhere)

19. (Review) The review of a submitted manuscript shall be 
subject to the review guidelines set forth by the Editorial 
Board. In principle, the review process is not open to the 
public. Reviewers shall receive predetermined benefits.

20. (Review of original papers and technical reports) In 
principle, reviews of original papers and technical reports 
shall require at least two reviewers. In the event that a 
manuscript is “accepted” by one reviewer and “rejected” 
by the other reviewer, the reviewers shall be reappointed. 
In the case of a second rejection by one reviewer, the 
Editorial Board shall make a decision on the manuscript.

21. (Review of review articles) Reviews of review articles may 
be omitted upon the request of the Editorial Board. In the 
event that an initial screening is allowed, the author shall 
be informed of the screening results. 

22. (Manuscript review) A manuscript review shall be subject 
to the detailed guidelines set forth elsewhere (added in 
June 2012).

23. (Fast-track review) Members are eligible for a fast-track 
review under the following conditions: Either the first 
author or the corresponding author fulfills the annual 
membership fee requirement in the current year; a 
fasttrack review proceeds upon payment of a KRW 
300,000 fee regardless of the rejection of the manuscript.

24. (Review fee for non-members) The review fee for 
nonmembers is KRW 150,000; the Society shall pay 
reviewers KRW 50,000.

Amended on March 31, 2020
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25. (Consent form for publication) An author shall sign the 
consent form for publication, which grants the Society 
full permission for publication.

26. (Publication fee) The Society shall charge a publication 
fee of KRW 300,000.

27. (Publication fee for foreign authors) Prior to enrollment 
in the SCI(E), a publication fee for members of the 
KAMPiNA shall be paid to the Society. It is recommended 
that authors publish more than two manuscripts a year. 
Priority consideration for invitation to the Korean Society 
of Medical Physics conference shall be given to authors. 
Those who are invited to the conference shall have are 
required to publish one manuscript.

28. (Publication) The journal may be published at a prede-
termined time at the end of March, June, September, and 
December.

29. (Changes in journal publication) Changes in the journal’s 
publication, to promote operational efficiency, shall be 
subject to approval by the Editorial Board, and these 
changes shall be reported to the President. In the event 
that an excessive cost for changes is incurred, the agenda 
shall be reported to the President and approved by the 
Board of Directors. The President, at his or her discretion, 
may sanction changes in opposition to the goals of the 
Society by submitting an opinion to the Board of Directors.

30. (Language requirements for submission) In principle, a 
manuscript may be written in either English or Korean. 
However, English manuscripts are recommended.

31. (A mandatory special committee) A mandatory special 
committee shall be appointed to prepare for SCI(E) 
enrollment (added in September 2013).

32. (Research misconduct) In the event that allegations of 
misconduct are encountered in relation to a published 

manuscript, the Editorial Board shall address these 
allegations of misconduct in accordance with the 
flowchart produced by the Committee of Publication 
Ethics (“COPE”) (added in February 2015).

33. (Word count limit for English abstract) The word count 
limit for a submitted English abstract shall be between 
200 and 350 words, including the objectives, materials 
and methods, results, discussion, and conclusion (added 
in April 2015).

April 25, 2018
Progress in Medical Physics Editorial Board

 Jong Min Park 
(Editor-in-Chief, Seoul National University Hospital)

Additional Rules

1. The items that were decided upon and effectuated prior to 
March 15, 2019, were recorded and filed at the Editorial 
Board meeting on March 15, 2019. 

2. All of the voted agenda points shall be effective in the 
subsequent issue. 

3. In principal, the decisions of the Editorial Board for 
promoting the development of the journal shall be added 
to the Editorial Board Bylaws.


