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Collaboration with IAEA to develop a training package 
for medical physicists in support of nuclear 
and radiological emergencies

Akifumi Fukumura, Shigekazu Fukuda
Reiko Imai, Makoto Akashi
E-mail: fukumura.akifumi@qst.go.jp

Medical physicists and radiological technologists have in-
depth knowledge in radiation dosimetry, including dose esti-
mation and dose measurements. Then they are expected to 
be potentially able to support and be involved in nuclear and 
radiological emergency (NRE) situations. However, in a major 
event such as Fukushima Dai-ichi Nuclear Power Plant acci-
dent, these professionals faced many kinds of difficulties that 
they had to deal with, without knowledge and experience in 
NRE situations. 

The IAEA, in consultation with the World Health Organization 
(WHO), the International Organization for Medical Physics 
(IOMP) and the International Radiation Protection Association 
(IRPA), initiated a project to develop a specific training pack-
age to help prepare medical radiological physicists to support 
NRE situations. The training package was developed with the 
support of the Government of Japan and in collaboration with 
the National Institute of Radiological Sciences (NIRS) and 
Fukushima Medical University (FMU), and is endorsed by the 
Japan Society of Medical Physics (JSMP).

The first International Workshop to test the training package 
was held at FMU between 22 and 26 June 2015, with 22 clini-
cal medical physicists participating in addition to lecturers from 
NIRS and FMU (Fig.1). This workshop has been designed to 
provide specific comprehensive training on NRE response for 
clinical radiation medical physicists. It also aims to:

1)  Encourage and facilitate the embedding of medical 
physicists in NRE preparedness teams, in cooperation 
with other professions and organizations, at strategic and 
operational levels, both within hospitals and in the wider 
emergency planning structure;

2)  Recognize the essential contributions of medical physics 
staff (technicians, dosimetrists etc.) in NRE preparedness 
programs and to ensure appropriate training;

3)  Promote the interaction of medical physicists with other 
professional groups involved in NRE preparedness, in-
cluding through participation in regular training and exer-
cises; and

4)  Encourage consideration of the potential of appropriately 
trained medical physicists to contribute to multidisci-
plinary NRE training of other professional groups, both 
within and outside health care settings.
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The contents of the workshop were as follows. 
 1: Introduction
 2: Nuclear and Radiological Emergencies
 3: Radiation Measurements and Instrumentation
 4: Dose Assessment and Dose Reconstruction
 5:  Monitoring and Decontamination of People – Scene and 

FMU
 6: Monitoring and Decontamination of People – Hospital
 7: Large Area Surveys – Monitoring of Food and Water
 8: Biological Effects of Radiation – Cell and Tissue Effects
 9: Biological Effects of Radiation – Stochastic Effects
 10: Protection Strategies for the Public
 11: Protection Strategies for Workers
 12: Medical Management
 13: Psychosocial Effects and Impacts on Mental Health
 14: Effective Risk Communication

The International Workshop was evaluated by the partici-
pants and the lecturers. The results of the evaluation showed 
that the practical training sessions including decontamination 
of people were more popular than classroom lectures. 

The Meeting on Lessons Learned from the International 
Workshop was held at NIRS between 20 and 22 October 2015 
(Fig.2). The results of the workshop evaluation from the per-
spective of the participants and the lecturers were reviewed 
and used for revision of the workshop program and the con-
tents of the handbook.

The updated training package is available at IAEA OPEN 
Learning Management System.

(http://olms-nkm.iaea.org/m2/enrol/index.php?id=348)

The Second International Workshop will be held in the USA in 
2016.
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Fig.1 Participants in the IAEA “International Train the Trainers Workshop”, held at Fukushima Medical 
University, Japan, on 22 - 26 June 2015.

Fig.2 Attendees of the IAEA Meeting on Lessons Learned from the “Train the Trainers Workshop on Medical 
Physics Support for Nuclear or Radiological Emergencies”, held at NIRS, Japan, on 20 - 22 Oct. 
2015.
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Program of Research on the Standardization 
and Clarification of Charged Particle Therapy

Hiroshi Tsuji
E-mail: tsuji.hiroshi@qst.go.jp

Objectives
•	 To perform clinical research for clarifying usefulness of 

carbon ion therapy in order to establish new treatments for 
radioresistant tumors and to standardize the treatments for 
common cancers. 

•	 To perform clinical research on utilization of the advanced 
technique of high-speed spot scanning irradiation of car-
bon ion beam not only in the treatment for head & neck or 
pelvic tumors but also for moving tumors in the chest and 
abdomen. 

•	 To investigate the benefit of improving accuracy of imaging 
modalities, such as PET, MRI, and CT scanning for carbon 
ion therapy.

•	 To investigate the possibility of prediction or evaluation of ef-
fectiveness of carbon ion therapy using unique information 
obtained from imaging modalities.

•	 To develop and regulate a comprehensive database on 
radiotherapy, mainly carbon ion therapy in consideration of 
achieving evidence-based medicine. Additionally, to propose 
a national database available for multi-institutional research 
on particle therapy being carried out at domestic and foreign 
institutions.

Progress of Research
The Program of Research on the Standardization and 

Clarification of Charged Particle Therapy consists of the Clinical 
Trial Research Team, Applied PET Research Team, Applied MRI 
Research Team, and Clinical Database Research Team. All the 
teams are performing research and development on charged 
particle therapy. Progress of research in each team is summa-
rized below.

1) Clinical Trial Research Team 
As of January 2016, a total of 9,716 patients had been treat-

ed with carbon ion beams at NIRS (Fig.1). Carbon ion radio-
therapy of these patients was carried out as more than 60 dif-
ferent phase I/II or phase II clinical trials or advanced medicine 
(HAMT; highly advanced medical technology). 

Six hundred and ninety-five patients were treated as new 
patients from April 2015 to January 2016. This number will be 
about 750 at the end of March 2016 and will be comparable to 
that of last year. 

Topics

Figure 2 lists the numbers of the patients for each tumor site. 
Prostate, bone & soft tissue, head & neck, lung, and liver are 
the leading 5 tumors sites. Recently the numbers of pancreatic 
tumor and recurrent rectal cancer patients have increased 
definitely.

Clinical trials for pancreas, esophagus, uterus, and kidney 
cancers are being conducted and patient enrollment has 
progressed. As advancements of the hypofraction of carbon 
ion therapy, the single session treatment for lung cancer and 
12-fraction treatment for prostate cancer could be established 
and their application as advanced medicine was started. 

Fig.1 The yearly numbers of patients treated with carbon ion beams at 
NIRS.
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Scanning irradiation became available for the routine treat-
ment of less mobile targets in the head & neck or pelvic region. 
Actually more than one thousand patients could be safely and 
efficiently treated with scanning at the New Treatment Research 
Facility. In addition, the clinical trial aiming at verifying safety 
and steadiness of the respiratory-gated scanning system was 
carried out in 10 patients with a tumor in the chest or abdomen. 

The new working group, named J-CROS (Japanese Carbon-
ion Radiation Oncology Study Group), for the multi-institutional 
clinical trial of carbon ion therapy was established in 2014. Its 
members consist of four running carbon ion therapy facilities in 
Japan, the NIRS, the HIBMC in Hyogo, the GHMC in Gunma, 
and the HIMAT in Saga. A new institute i-ROCK in Kanagawa 
started carbon ion therapy and joined the active members 
of J-CROS last year. J-CROS performed data collection from 
the original four running institutes for a retrospective analysis 
(Table 1) and to plan a protocol for prospective clinical studies 
for major tumor sites. 

2) Applied PET Research Team
In FY2015, we investigated whether PET could predict the 

therapeutic effect of charged particle radiotherapy soon af-
ter treatment by using clinical PET images. For head & neck 
melanoma and lung cancer, we analyzed the ratio of local 

Fig.2 The numbers of patients for each tumor site treated with carbon ion beams.

Table 1  Retrospective studies conducted by J-CROS.

Tumor site Institutes Period No. patients

Bone & Soft tissue 4 2003-2014 764

Head & Neck (non-SCC) 4 2003-2014 845

Liver 4 2005-2014 174

Lung (Stage I) 4 2003-2014 331

Lung (Advanced) 3 2003-2014 64

Prostate 3 2003-2014 2332

Rectum 3 2003-2014 224

Pancreas 3 2012-2014 66

recurrence, distant metastasis and survival by PET images 
obtained before and after heavy particle radiotherapy. We com-
pared the diagnostic accuracy of each quantitative method 
of PET accumulation. A correlation between PET accumula-
tion and life prognosis was observed. PET studies may be 
useful in predicting the therapeutic effect of charged particle 
radiotherapy. 

3) Applied MRI Research Team
To provide quantitative diagnostic information for heavy 

charged particle therapy, several MR methods have been 
applied to clinical diagnosis. A new robust method (eDKI) to 
estimate axial and radial diffussional-Kurtosis imaging maps 
was developed. Compared with the conventional way, the map 
quality was greatly improved without largely trading off its ac-
curacy. The results can be seen on our website (http://www.
nirs.qst.go.jp/amr_diag/).

4) Clinical Database Research Team 
It is essential to prepare a dedicated database system to 

perform multi-institutional trials by J-CROS and it is necessary 
to do this within a program that has a leading role in future tri-
als. Thus, we developed a database system that can store the 
integrated information of patients treated at all the institutions 
of this study group. The data to be stored include pretreat-
ment information, treatment data, and outcome information. In 
addition, a conversion tool was developed, which is available 
for the different types of medical information of the respective 
institutions. The carbon ion radiotherapy cases of craniocervi-
cal tumors, musculoskeletal tumors and prostate cancer were 
stored during FY 2015. The data management function of the 
database has been improved. 

References
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Cooperation with WHO-REMPAN 
in radiation emergency medicine

Hideo Tatsuzaki, Yumiko Suto 
E-mail: tatsuzaki.hideo@qst.go.jp

Radiation emergency medicine including medical countermeas-
ures in the case of a nuclear accident is one of the major missions 
of NIRS. Preparation for a domestic accident and creating an effec-
tive organizational system in Japan are required. NIRS implemented 
many projects along this line after the accident at the TEPCO 
Fukushima Daiichi Nuclear Power Station. In addition, reaction to an 
overseas accident is also considered to be an important mission of 
NIRS. Information exchanges with international organizations and in-
dividual researchers in foreign countries bring benefits to both sides. 
In this Topic section, cooperation in the fields between the World 
Health Organization (WHO) and NIRS is presented.

WHO is one of United Nations organizations that handles health 
or medical related issues. Among many subjects, medical coun-
termeasures against radiation exposure, or radiation emergency 
medicine is handled by WHO. WHO’s Radiation Emergency Medical 
Preparedness and Assistance Network (WHO-REMPAN) was estab-
lished in 1987. As described by Carr [1]: “The primary purpose of 
the network is dual: (1) to provide technical assistance in radiation 
emergencies; and (2) to strengthen preparedness and response 
capability of the health sector in regions through technical guidance, 
information sharing, coordinated research, training, and exercise”. 
REMPAN has two categories of members, namely Collaborating 
Centers (CC) and Liaison Institutes (LI). REMPAN members of the 
two categories, as of 2014, are listed in Tables 1 and 2.

NIRS has two functions in relation to the above mentioned purpos-
es. In order to respond effectively to overseas nuclear and radiologi-
cal accidents, NIRS established the Radiation Emergency Medical 
Assistance Team (REMAT) in January 2010. At this time, REMAT was 
composed of only part time members, in other words, they had their 
own primary mission apart from service in REMAT. To increase its ef-
fectiveness, REMAT had dedicated members of its own and became 
a standing division also called REMAT, in March 2013.

In order to strengthen the capability of the Asian region, NIRS 
has been conducting training courses together with WHO mainly for 
Asian professionals (Table 3). Additionally, NIRS received some mid-
dle term trainees. 

NIRS was designated first as a WHO-LI in January 2004 and as a 
CC in September 2013. Out of five areas (or activities) of collabora-
tion for CC, three areas are in the field of radiation emergency medi-
cine and related to REMPAN activities. 

The first activity is “Technical assistance to WHO in response to 
radiation emergencies”. Under this activity, NIRS provides technical 
assistance and advice to WHO in the areas pertaining to medical 
management of over-exposed persons (subject to availability of 
resources). 

The second activity is “Cooperation in the area of biodosimetry 
and BioDoseNet (cytogenetics and internal contamination monitor-
ing)” Under this activity, NIRS cytogenetic laboratory is a key actor 
to develop and to strengthen cooperation of dose assessment in the 
region. The WHO BioDoseNet (network) was launched in 2008 for 
cooperation in this area. The NIRS cytogenetic laboratory is a core 
part of the network and its reference laboratories, and it is providing 
technical contributions to the BioDoseNet activities.

Topics

The third activity is “Cooperation in the area of strengthening pre-
paredness to radiation emergencies and REMPAN activities”. Under 
this activity, NIRS: provides education and training for emergency re-
sponse personnel; participates in international exercises on radiation 
emergency in order to contribute to enhancement of the network's 
operation; participates and contributes to REMPAN meetings, semi-
nars, workshops, etc. as required; and provides technical assistance 
on development of WHO technical reports, recommendations, and 
guidelines as required. 

This year, NIRS organized the “NIRS Training Course on Radiation 
Emergency Medicine in Asia 2015” in cooperation with WHO and 
IAEA, from 7-9 December 2015. This course was for leaders in this 
specialty in Asia and was attended by 14 professionals from 13 
Asian and Middle Eastern regions. It contributed to strengthening the 
capability in the region. 

Additionally, NIRS sent experts to some WHO meetings dur-
ing FY 2015. NIRS staff members attended “The 1st Face-to-Face 
Meeting of the REMPAN WG on Internal Contamination” in Bruges, 
Belgium, in April 2015. The attendees exchanged information for 
building international cooperation, and reported on the importance 
of preparing a manual for screening of children in a nuclear emer-
gency. NIRS staff members also attended “The 2nd GDG meeting of 
the WHO project on development of WHO guidelines on KI Thyroid 
Blocking in Radiological and Nuclear Emergencies” in Pisa, Italy, in 
January 2016, and reported on workers’ exposure after the TEPCO 
Fukushima NPP Accident.

In the biodosimetry field, together with other WHO BioDoseNet 
members, NIRS participated in two biodosimetry inter-laboratory 
comparison studies. NIRS results of the 2nd inter-laboratory com-
parison in the frame of RENEB were presented in ConRad 2015 
(Munich, May 2015) and ICRR 2015 (Kyoto, May 2015). The quality 
of NIRS results of the KIRAMS (Korea)-AUB (Spain)-NIRS (Japan) 
inter-comparison study (February 2016) was certified based on the 
ISO standard (ISO 15189).

In addition to these activities, NIRS contributed to “WHO-REMPAN 
e-Newsletters” periodically and shared information.

NIRS is continuously preparing for radiological or nuclear accident 
overseas in cooperation with WHO-REMPAN.

Reference
[1] Carr Z., Health Phys. 98(6), 773, 2010.
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Country City Institution
Australia Yallambie, Victoria Australian Radiation Protection and Nuclear Safety Agency (ARPANSA)
Brazil Rio de Janeiro Institute for Radioprotection and Dosimetry (IRD) 
France Fontenay-aux-Roses cedex Institute for Radioprotection and Dosimetry (IRD) Radiological Protection and Human Health 

Division, Institute for Radiological Protection and Nuclear Safety (IRSN)
Germany Wuerzburg Clinic of Nuclear Medicine, University of Wurzburg 
Japan Hiroshima Radiation Effects Research Foundation (RERF)
Japan Nagasaki Atomic Bomb Disease Institute

Nagasaki University Graduate School of Biomedical Sciences 
Japan Chiba National Institute of Radiological Sciences (NIRS) 
Russian Federation Moscow Burnasyan Federal Medical Biophysical Center, FMBA 
Russian Federation Kaluga oblast Medical Radiological Research Center (MRRC) 
Russian Federation St.-Petersburg The Nikiforov Russian Center of Emergency and Radiation Medicine (NRCERM) 
Russian Federation Chelyabinsk Urals Research Center for Radiation Medicine (URCRM) 
Switzerland Berne Federal Office of Public Health, Radiological Protection 
Ukraine Kiev National Research Center for Radiation Medicine 
U.S.A. Oak Ridge Radiation Emergency Assistance Center/Training Site (REAC/TS) 
U.S.A. Atlanta Centers for Disease Control and Prevention 

Table 1  Collaborating Centers as of June 2014 (Total number: 15). 

Country City Institution
Albania Tirana Radiation Protection Office, Ministry of Health
Argentina Buenos Aires Radiopathology Department - Nuclear Regulatory Authority 
Armenia Yerevan Scientific Centre of Radiation Medicine and Burns, Ministry of Health, Republic of Armenia
Belarus Gomel Republican Research Center of Radiation Medicine and Human Ecology
Brazil Rio de Janeiro Eletronuclear Medical Assistance Foundation (FEAM) 
Bulgaria Sofia National Centre of Radiobiology and Radiation Protection (NCRRP) 
Canada Ottawa Radiation Protection Bureau, Health Canada 
China Beijing Chinese Centre for Medical Response to Radiation Emergency (CCMRRE)   

National Institute of Radiation Protection (NIRP), China CDC 
China Beijing Beijing Institute for Radiation Medicine 
Finland Helsinki STUK - Radiation and Nuclear Safety Authority 
France CLAMART CEDEX French Defence Radiation Protection Service (SPRA) 
Germany Munich Bundeswehr Institute of Radiobiology affiliated to the University of Ulm 
Germany Eggenstein-Leopolds-hafen Karlsruhe Institute of technology (KIT)

Medical Services and KSM (KIT Safety Management) 
Germany Ulm International Center for Advanced Studies in Health Sciences and Services (ICAS), Faculty of 

Medicine, Ulm University 
Germany Koln Institute for Radiation Protection of the German Social Accident Insurance Institutions (IfS) 
Hungary Budapest Frederic Joliot - Curie National Research Institute for Radiobiology and Radiohygiene 
Japan Hiroshima Radiation Emergency Medicine Promotion Center, Hiroshima University 
Japan Hirosaki Institute of Radiation Emergency Medicine, Hirosaki University (IREM/HU) 
Japan Fukushima Fukushima Medical University 
Norway Osteras Norwegian Radiation Protection Authority (NRPA) 
Romania Bucharest National Institute of Public Health 
Russian Federation Ozyorsk Southern Urals Biophysics Institute 
South-Africa Tygerberg Radiation Emergency Medical Advisory Centre of South Africa (REMACSA) 
South Korea Seoul National Radiation Emergency Medical Center (NREMC)

Korea Institute of Radiological and Medical Sciences (KIRAMS) 
South Korea Seoul Radiation Health Research Institute (RHRI)

Korea Hydro & Nuclear Power Company 
Sweden Stockholm Radiation Emergency Medicine Center and Dept of Hematology, Karolinska Institutet and 

Karolinska University Hospital 
United Kingdom Oxon Public Health England (PHE)

Centre for Radiation, Chemical and Environmental Hazards 
United Kingdom London EBMT (European Group for Blood and Marrow Transplantation) Nuclear Accident Committee 
U.S.A. Bethesda Radiation Nuclear Countermeasures Research and Product Development 
U.S.A. Minneapolis Radiation Injury Treatment Network (RITN) 

Table 2  Liaison Institutions as of June 2014 (Total number: 30). 

Year/month Title of meetings
2006 Mar. WHO-REMPAN Regional Workshop on Radiation Emergency Medical Preparedness and Response in the Western Pacific Asia co-

organized by NIRS, WHO, WPRO (WHO-REMPAN) 
2008 Nov. Cytogenetic Biodosimetry for Asia and 46th ISTC Japan Workshop NIRS-ISTC Workshop on Cytogenetic Biodosimetry (ISTC & WHO) 
2009 Feb. NSC/NIRS Workshop on Medical Response to Nuclear Accidents in Asia organized by NIRS & NSC (in cooperation with WHO-SEARO) 
2010 Jan. NSC/NIRS Workshop on Medical Response to Nuclear Accidents in Asia (organized by NSC & NIRS, in cooperation with IAEA & WHO) 
2011 Jan. NIRS-IAEA Workshop on Cytogenetic Biodosimetry for Asia 2011 & NIRS-ISTC Workshop on Cytogenetic Biodosimetry (in cooperation 

with WHO) 
2013 Mar. NIRS Workshop on Medical Response to Nuclear Accidents in Asia 2013 -Interactive Training for Medical Professionals- (in cooperation 

with IAEA, WHO)
2014 Nov. NIRS Workshop on Radiation Emergency Medicine in Asia 2014 (in cooperation with IAEA & WHO)

Table 3  Meetings in cooperation with WHO.
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