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58. Imaging of Each Compartment in PET  
     Dynamic Study with Dual Tracer  
    Injection and 2-Input Compartment Model 
 
Yoko Ikoma*, Hinako Toyama, Akihiko Uchiyama* 
(*Waseda Univ.) 
 

Keywords: positron emission tomography (PET), 
kinetic analysis, 2-input compartment model 

 
Aim: PET kinetic analysis with dual tracer injection is 
being developed which can assess two different 
functions, such as cerebral metabolite rate of glucose 
and distribution volume of benzodiazepine receptor, at 
the same time, under the same conditions. We 
investigated the reliability of parameter estimates for 
various injection protocols, and evaluated the 
possibility of generating each compartment’s kinetic 
images with a 2-input compartment model by means of 
a computer simulation. 

Methods: The relation between the reliability of 
parameter estimates and injection interval of two 
tracers or between the reliability of parameter estimates 
and administration dose ratio of two tracers was 
investigated in the computer simulation study, and the 
injection protocol for reliable estimation was evaluated. 
Simulated decaying tissue time activity curves were 
generated with true k-values and input functions by 
using the 2-input compartment model for various 
injection intervals and administration dose ratio of two 
tracers, and the noise which depended on the collected 
total count was added to each time activity curve. From 
these activity curves, the rate constants were estimated 
by nonlinear least square method, and the reliability 
was evaluated by the mean of absolute differences 
(MAD) between the true and estimated value for one 
thousand runs. With the optimal injection protocol 

determined from the simulation study, dynamic digital 
phantom was created, parameters were estimated pixel 
by pixel, and each compartment’s activity images of 
both tracers were created. 

Results: The reliability of parameter estimates for 
various injection protocols were compared, and it was 
found that parameters could be estimated reliably when 
the second injection was started 15 minutes later. The 
reliability did not depend on the administration dose 
ratio of the two tracers. In the case of [18F]FDG and 
[11C]flumazenil, the MAD of parameters reflected the  
cerebral metabolite rate of glucose or the distribution 
volume of receptor was under 10% at the 5% noise 
level. The radioactivity image of each compartment 
represented the accumulation of two tracers.  

Conclusion: In the simulation study, the rate constants 
of two tracers were able to be estimated simultaneously 
by 2-input compartment model, and the possibility of 
kinetic analysis for dual tracer injection was shown. 
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59.�Regional Differences of Relationships  
     between Atrophy and Glucose Metabolism  
     of Cerebral Cortex in Patients with  
     Alzheimer’s Disease 
 
Hinako Toyama, Shinya Kanekiyo1, Koji Uemura, 

Kazunari Ishii2 and Kenji Ishii3 

 

(1Waseda Univ.; 2Hyogo Institute for Aging Brain and 

Cognitive Disorders; 3Tokyo Metropolitan Institute of 

Gerontology ) 

 

Keywords: positron emission tomography (PET), 

magnetic resonance imaging (MRI), Alzheimer’s disease, 

atrophy, cerebral cortical glucose metabolism 

 

Aim: The purpose of this paper is to estimate a correlation 

between the extent of atrophy and the decline in the brain 

function measured with PET study on each brain lobe 

among patients with Alzheimer’s disease. 

Materials & Methods: Two groups, the normal controls 

(male: 8, female: 22 age: 62.4±4.9) and the patients with 

Alzheimer’s disease (male: 6, female: 24, age: 65.9±7.2) 
participated in this study. The extent of atrophy was 

evaluated from the extracted gyrus in 2D-projection 

magnetic resonance imaging (MRI) and the cerebral 

cortical glucose metabolism was assessed on a 

2D-projection positron emission tomography (PET) image. 

Then a relationship between the cerebral atrophy and the 

function was evaluated for each brain lobe which was 

extracted automatically. 2D-projections of PET and MR 

images were made by the Mollweide method which keeps 

the area of the brain surface. In order to extract brain lobes 

from each subject automatically, the bitmap with different 

value for each brain lobe was made from a standard brain 

image and was automatically transformed to match each 

subject’s brain image by using SPM99. A correlation 

image was generated between 2D-projection images of 

glucose metabolism and the area of the sulcus and the 

gyrus was extracted from thecorrelation between MR and 

PET images clustered by the K-means method. 

Results: The glucose metabolism of Alzheimer’s disease 

patients was lower than that of normal control subjects at 

the frontal, parietal, and temporal lobes with the same 

extent of atrophy as that of the normal. There was a high 

correlation between the area of gyrus and the glucose 

metabolism, and the correlation tendency of Alzheimer’s 

disease patients was steeper than that of the normal 

controls at the parietal lobe. 

Conclusions: Combined analysis of regional morphology 

and function may be useful to distinguish pathological 

processes, such as the early stage of Alzheimer’s disease, 

from normal physiological aging. 
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60. Registration of SPECT, PET and/or X-ray 
CT  
     Images in Patients with Lung Cancer 
 
Koji. Uemura, Hinako Toyama, Tadaaki Miyamoto, 

Yutaka Mori* and Kyosan Yoshikawa  

 

(*The Jikei University Hospital) 

 

Keywords: registration, lung cancer , therapeutic gain of 

heavy ion therapy 

 

Aim: We are using the region of interest (ROI) based on 

anatomical information obtained from X-ray CT to 

evaluate the therapeutic gain of heavy ion therapy 

performed on patients with lung cancer, the regional 

pulmonary functions and the amount of radio tracer 

accumulation in tumors. There are many registration 

techniques for brain images, but not so many for other 

organ images. We have studied registration of chest 

SPECT, PET and/or X-ray CT images. 

Materials and Methods: Perfusion, ventilation and blood 
pool images with Tc99m labeled radiopharmaceuticals and 

SPECT, tumor images with 11C-methionine and PET and 

X-ray CT scans were obtained on several patients with 

lung cancer before and after heavy ion therapy. The 

registrations of SPECT-CT, PET-CT and CT-CT were 

performed by using AMIR (Automatic Multimodality 

Image Registration), which was developed by Babak et al. 

for registration of brain images. In the case of SPECT-CT 

registration, each of the three functional images was 

registered to the X-ray CT image, and the accuracy of each 

registration was compared. For PET-CT registration, the 

transmission images and X-ray CT images were registered 

at first, because the 11C-methionine PET images bear little 

resemblance to the underlying anatomical images. Next, 

the emission images were realigned by using the same 

registration parameters. The X-ray CT images obtained 

from a single subject at different times were registered to 

the first X-ray CT images, respectively. 

Results: In the SPECT-CT registration, the blood pool-CT 
registration is the best among three SPECT images used in 

visual inspection by radiologists. In the PET-CT 

registration, the transmission-CT registrations got good 

results. Therefore, emission-CT registrations also got good 

results. In the CT-CT registration, the X-ray CT images 

obtained from a single subject at different times were 

superimposed well on each other, except for the lower lobe. 

As a result, it was found to be possible to evaluate the 

therapeutic gain of heavy particle therapy sequentially by 

using the same ROI. 

Conclusion: This method is useful for evaluating the 

therapeutic gain of heavy particle therapy performed on 

patients with lung cancer, quantitatively and sequentially. 

Registration of chest SPECT, PET and/or X-ray CT 

images by using the AMIR method gave good results for 

all of the registrations. 
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61. Development of a Method of Clustering  
   Multiple Function of the Brain in  
   Hemodynamic Disease with Positron  
   Emission Tomography. 
 
Shinichirou Oohashi1、Hinako Toyama、Koji Uemura、

Tadashi Nariai2、Yoko Ikoma1、Kenji Ishii3 and Akihiko 
Uchiyama1 

 

(1Waseda Univ.; 2Tokyo Medical and Dental Univ.; 3Tokyo 

Metropolitan Institute of Gerontology) 

 

Keywords: clustering, positron emission tomography 

(PET), hemodynamic disease 

 

Aim: We have investigated post operative changes in CBF 
and vasodilative and vasoconstrictive reactions for an 

individual patient with cerebrovascular disease (CVD), by 

means of segmenting the brain image into some clusters 

with the varied combination of multiple cerebral functions. 

In this study, we have developed a new method to classify 

the combination of the multiple functions by using the 

common mutual information space generated from the 

PET images for all subjects. 

Materials and Methods: Four patients with CVD (two 
Moyamoya disease and two ICA occlusion) underwent 

PET CBF imaging with [15O] labeled water at conditions of 

rest, hyper ventilation and acetazolamide loading, pre- and 

post-operation. A mutual information space for all subjects 

was generated by plotting the values of resting CBF, HV 

CBF (CBF in hyper ventilation - resting CBF), and AZ 

CBF (CBF in acetazolamide loading - resting CBF) at the 

same pixel in the cerebral cortex images for three axes. The 

space was classified into six segments by hierarchical 

cluster analysis method. A segmented brain map was 

created at each study. The characteristic of each segment 

was described as the mean value of resting CBF, HV and 

AZ responses as shown on the right side of Fig.20 (#6: 

normal, #1: decreased CBF and responses).  

Results: The segments belonging to the images at pre- and 
post- operation for each patient are shown on the left of the 

Fig.20. Black circles show a region including an operated 

lesion. In case 3 with ICA occlusion, the brain map was 

classified into three segments, that is #2= ischemic region 

with decreased resting CBF and poor vaso-reactivity, 

#6=normal region, #5=decreased resting CBF with high 

vaso-reactivity before operation. Segments of #2 became 

#3 and #4 and segment of #5 became normal (#6) 3 months 

after operation as shown by arrows of the figure. The map 

11 months post operation consists of normal function (#6) 

only.  

Conclusion: This method could give some information on 
correlated cerebral functions and on prognosis after 

treatment without own-time sequential PET images by 

using common mutual information data.  
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62.�A Scheduling System for Patient Treatment  
    by Heavy Ion Radiotherapy 
 
Hinako Toyama, Kouichi Shibayama, Syusuke Kanatsu, 
Toshitaka Kuroiwa, Hideo Watanabe, Mitsuji Wakaisami, 
Hiroshi Tsuji, Masahiro Endo and Hirohiko Tsujii 

 
Keywords: heavy ion therapy, treatment scheduler, WEB 
server, hospital information system, database 
 
   We have developed a scheduling system for heavy ion 
radiotherapy considering the condition of three treatment 
rooms and treatment planning for each patient. This system 
consists of a database (patient information, treatment 
method and machine schedule), a schedule for 
radiotherapy and a WEB server. All operation of this 
system, such as data input, to change and to view the 
schedule, are performed by using a WEB browser. In order 
to protect personal information of patients, access privilege 
to each information entry is limited according to the 
occupational category. This system is connected with a 
hospital central information management system 
(AMIDAS) and an irradiation-managing computer for the 
heavy ion radiotherapy. Basic information for the patient is 
got from AMIDAS and the daily schedule is sent to the 
treatment control computer at each treatment room through 
the irradiation-managing computer every morning. The 
daily, weekly and monthly schedules in the treatment room 
and the treatment condition of each patient are shared on 
the WEB browser with all participants of the heavy ion 
therapy. This system could be useful to save time to 
generate a treatment schedule and to inform staff of the 
most up-to-date treatment schedule and related information, 
all at the same time. 
 

1. INTRODUCTION 
   More than 1000 cancer patients have received carbon-

ion therapy as clinical trial since 1994 at the NIRS hospital. 
Conventionally, a paper schedule of carbon-ion therapy 
was making manually in each process of machine running 
time, patient assignment and treatment planning; new 
copies were distributed to the participants whenever any 
changes occurred in the schedule. Our purposes of this 
study were to make a schedule on a computer system 
which all participants are able to access easily and which 
gives changes; and to allow sharing of the same 
information between concerned staff. Cooperation among 
systems in the hospital has also been tried and the common 
information is shared between systems and also among 
doctors, nurses, technologists and paramedical scientists. 
We also tried to register the record of carbon-ion therapy 
into the central information management system 
automatically in order to create an electronic patient record. 
 

 
2. SYSTEM 
   The hardware system consists of a unix server with 
four CPUs, a raid disk for data storage and system backup 
and a network with gateway for remote access from the 
maintenance company.  
(fig.21). The scheduler consists of the following four 
processes. 1) To reserve the treatment “frame” on the 
machine running time table. 2) To assign the patient to the 
“frame” according to the fraction times (4, 5, 9, 12, 16, 20). 
3) To input treatment conditions for each patient. 4) To 
book the treatment room in the assigned “frame” 
according to the employing beam energy and direction, 
treatment position and the other condition such as use of 
respiratory gate. 
   In the NIRS hospital, there are four major computer 
systems (AMIDAS, Order entry system, Radiotherapy 
planning database and this scheduler). These systems are 
connected to each other (Fig.22). Basic information on a 
patient and most entries on of clinical study and clinical 
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treatment are managed in the order entry system. The 
results of the study and treatment, patient’s clinical record 
are saved into AMIDAS. In the scheduler, basic 
information for the patient is got from AMIDAS and the 
daily schedule is sent to the treatment control computer at 
each treatment room through the irradiation-managing 
computer every morning. Carbon-ion therapy is performed 
by using the data gotten from the scheduler and the 
radiotherapy planning system. The status of the treatment, 
such as “under treatment”, “completion of treatment” and 
so on, is received from the irradiation managing computer 
and transferred to AMIDAS.  
 

3. RESULTS 
   In order to protect personal information of the patients, 
access privilege to each information entry is limited 
according to the occupational category. All participants in 
radiotherapy are can able to look at all the information, but 
only certain technologists or medical doctors having 
privilege can generate and update the schedule. 
   A schedule to run the accelerator for one year (April to 
March) is determined every year. We divide a year into 
two terms. Carbon-ion therapy is planned every term. A 
technologist reserves a treatment “frame” over the term 
according to the machine running time (Fig.23). Numbers 
of patients to be treated per day and No. of fraction are also 
shown. “S” means start of irradiation, CT means to take 
CT images for treatment planning. If number of patient a 
day exceed the arranged number, a warning is given. In the 
next process, if a doctor assigns a patient to the “frame”, 
the name of the patient is displayed (Pt-1, Pt-2….).  
   First, the doctor registers the patient ID in this system 
and the name, gender, etc. appear if the patient is already 
registered in the hospital.  Then the doctor puts in the 
more information such as the name of the physician in 
charge, disease name and treatment protocol when the 
patient is assigned to the “frame”. 

   A technologist for radiotherapy planning input the 
parameters related to carbon-ion therapy, according to the 
patient’s radiotherapy plan. A treatment room is assigned to 
the patient depending on the energy and direction of the 
carbon-ion beam, treatment position (sitting or decubitus) 
and existence of patch or multi ports irradiation, shrinkage 
of radiation field and respiratory gating. 
   After setting the parameters for radiotherapy, a patient 
is assigned to a treatment room and the order of treatment 
as shown in Fig. 24. The right side table shows the daily 
schedule of room A. When the patient ID is clicked on, 
details of the patient and two types of comments are 
displayed on the browser as shown on the left side of the 
figure. A common comment is displayed during irradiation 
and a daily comment is displayed only on the dedicated 
day. After irradiation is finished, the color of the patient ID 
on the display changes to yellow. When irradiation for all 
reserved patients is finished or a operator pushes the finish 
button, the status of “completion of treatment” is 
transferred to AMIDAS automatically. 
 

4. DISCUSSION 
   We have been using this system for half a year. The 
daily, weekly and monthly schedules in the treatment 
rooms and the treatment conditions of each patient are 
shared on the WEB browser with all participants in the 
heavy ion therapy. Any schedule change is reflected for all 
processes immediately. All data on this system are 
preserved and can be utilized for scheduling in the next 
term. Most of operations for system maintenance can be 
done on the WEB browser. 

 
Publication: 
Toyama, H., Shibayama, K., Kanatsu, S., Kuroiwa, T., 
Watanabe, H., Wakaisami, M., Tsuji, H., Endo, M. and 

Tsujii,H.: J. Jour. Med. Phys. 22, 92-95, 2002. 
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Fig.21 System configuration of  the heavy-ion therapy scheduler, consisting of a 
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Fig.24 “Today’s schedule” of Room A & the information and the 
comment for a patient, which are displayed when we click 
the patient ID. 

Fig.23 Machine running days & reserved frames for carbon-ion therapy 
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63. High Levels of Serotonin Transporter  
   Occupancy with Low Dose Clomipramine  
   in Coparative Occupancy Study with  
   Fluvoxamine Using Positron Emission  
   Tomography 
 
Tetsuya Suhara, Akihiro Takano, Yasuhiko Sudo, 
Tetsuya Ichimiya, Makoto Inoue, Yoshiro Okubo, 
Fumihiko Yasuno, Yoko Ikoma 
 

Keywords: serotonin transporter, occupancy, 
Clomipramine, positron emission tomography 
 
Context: Serotonin transporters (5-HTT) are regarded 
as one of the major therapeutic target of 
antidepressants. However, there have only been a few 
studies about 5-HTT occupancy, and especially data 
concerning classical antidepressants is still limited.  
Objective: The purpose of this study was to investigate 
the relationship between 5-HTT occupancy and a wide 
dose-range of antidepressants.  
Design, Setting, and Participants: 5-HTT occupancies 
by antidepressants were measured using positron 
emission tomography (PET) with [11C](+)McN5652. 
Twenty-seven normal volunteers were measured with 
and without pretreatment of single low doses of 
antidepressants and chronic doses were evaluated in 10 
patients. Scan data were collected between Dec 12, 
1995 and August 7, 2002, and data were analyzed in 
the 2001 – 2002 period at the National Institute of 
Radiological Sciences, Chiba, Japan. 
Intervention: Four different doses of clomipramine (5 - 
50 mg) and three different doses of fluvoxamine (12.5 
– 50 mg) were used for single administration. Chronic 
doses were 20 – 250 mg/day for clomipramine and 25 
– 200 mg/day for fluvoxamine.   
Main Outcome Measure: Occupancies in the thalamus 

were calculated using the individual baseline of 
[11C](+)McN5652 for single-dose studies and 2 

chronic-dose studies, and the mean value of normal 
volunteers as the baseline for 8 chronic-dose studies. 
The average data of inactive enantiomer 
[11C](-)McN5652 were used for the estimation of 
nonspecific binding.  
Results: 5-HTT occupancy increased in a curvilinear 
manner. Even 10 mg of clomipramine showed around 
80% occupancy, which was comparable to 50 mg of 
fluvoxamine (Fig. 25). Estimated ED50 of 
clomipramine was 2.67 mg for oral dose and 1.42 
ng/ml for plasma concentration; those of fluvoxamine 
were 18.6 mg and 4.19 ng/ml (Fig. 26).  
Conclusions: Clinical doses of clomipramine and 
fluvoxamine occupied about 80% of 5-HTT, and dose 
escalation would have minimal effect on 5-HTT 
blockade. Ten mg of clomipramine was enough to 
occupy 80% of 5-HTT in vivo.  
 
 



63-Fig. 25 and Fig. 26 (High Levels of Serotonin 
Transporter Occupancy with Low dose Clomipramine 
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64. No Association Between Genotype of the  
   Promoter Region of Serotonin Transporter  
   Gene and Serotonin Transporter Binding  
   in Human Brain Measured by PET 
 

Kunihiko Shioe, Tetsuya Ichimiya, Tetsuya Suhara, 
Akihiro Takano, Yasuhiko Sudo, Fumihiko Yasuno, 

Masami Hirano, Manabu Shinohara, Msato Kagami, 
Yoshiro Okubo, Masajoro Nankai, Shigenobu Kanba 

 

KEY WORDS: 5-HTTLPR; polymorphism; 5-HTT 
binding; PET; binding potential 
 
The human serotonin transporter (5-HTT) gene has a 
polymorphism in the 5’-flanking promoter region that 
is called the serotonin transporter gene-linked 
polymorphic region (5-HTTLPR). In lymphoblast cell 
lines, the promoter activity of the 5-HTT gene is 
dependent on 5-HTTLPR allelic variants. The 
transcriptional activity of the l allele was more than 
twice as high as that of the s allele. The s allele is 
considered to be associated with mood disorders and 
anxiety-related personality traits. To evaluate the 
functional differences of 5-HTTLPR in the brain in 
vivo, we examined the allelic variations of 5-HTTLPR 
and measured 5-HTT binding in the living human 
brain using positron emission tomography (PET) with 
C11-labeled trans-1, 2, 4, 5, 6, 10-β-hexahydro- 
6-[4-(methylthio) phenyl]pyrrolo[2,1-a]isoquinoline 
(McN5652) as a ligand. Twentyseven healthy male 
subjects participated in this study. Although the human 
lymphoblast cells with the l/l genotype was reported to 
produce higher concentrations of both mRNA and 
protein of 5-HTT than those with the l/s or s/s genotype 
in a human lymphoblast in vitro study, 5-HTT binding 
in vivo was not signi.cantly different among subjects 
with the three genotypes (l/l: 0.842 ± 0.184, l/s: 0.708 ± 

0.118, s/s: 0.825 ± 0.209) as shown in Fig. xx. In 
conclusion, this study does not support the assumption 
that the genotypedependent differences of 5-HTTLPR 
directly contributes to the regulation of the 5-HTT 
binding site in the living human brain. 
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65. Inhibitory Effect of Hippocampal 5-HT1A  
   Receptorson Human Explicit Memory 
 
Fumihiko Yasuno, Tetsuya Suhara, Takashi Nakayama, 

Tetsuya Ichimiya,  
Yoshiro Okubo, Akihiro Takano, Tomomichi Ando, 

Makoto Inoue, Jun Maeda, Kazutoshi Suzuki 
 

Keyword: explicit memory, 5-HT1A, hippocampus, 
positron emission tomography 
 
Objective: Recent studies have indicated that the 
serotonergic system plays important roles in memory 
functions. However, the specific relationship between 
5-HT1A receptors and memory function is not clear in 
the human brain. To clarify this relationship, we 
measured the availability of 5-HT1A receptors in the 
human brain and assessed the relationship between 
regional receptor binding and memory function. 
Method: We examined 5-HT1A receptors using 
positron emission tomography (PET) with 
[11C]WAY-100635 and assessed the relationship with 
memory functions. To interpret the pharmacological 
implications, we administered the 5-HT1A agonist 
tandospirone to subjects and investigated the effect of 
the stimulation of 5-HT1A receptors on cognitive 
function together with the neuroendocrinological 
response. 
Results: There was a significant negative correlation 
between explicit memory function and 5-HT1A 
receptor binding localized in the bilateral hippocampus 
where the postsynaptic 5-HT1A receptors are enriched 
(fig.28). Furthermore, we found that the administration 
of tandospirone dose-dependently impaired explicit 
verbal memory, while other cognitive functions 
showed no significant changes. The change in memory 
function paralleled those of body temperature and 

secretion of growth hormone, which were reported to 
be induced by the stimulation of postsynaptic 5-HT1A 
receptors 
Conclusions: The results show that the postsynaptic 
5-HT1A receptors localized in the hippocampal 
formation have a negative influence on explicit 
memory function. Our findings give rise to the 
possibility that the antagonistic effect of postsynaptic 
5-HT1A receptors in the hippocampus leads to 
improvement of human memory function. Drugs that 
work as antagonists on postsynaptic 5-HT1A receptors 
may be favorable for improved control of memory 
impairment. 
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Fig. 28：Averaged BP Images (N=16) of 
[11C]WAY-100635 (First Row ) and Regions 
with a Significant Inverse Correlation 
between BP of [11C]WAY-100635 and the 
General Memory Index on WMS-R(Second 
and Third Row ). 
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 The FNCA (Forum for Nuclear Cooperation in Asia) 

Application of Radioisotopes and Radiation for Medical 

Use) 2002 Workshop on Radiation Oncology was held from 

December 17 to 20, 2002, in Chiba City and Tokyo, Japan. 

The meeting was jointly organized by the Ministry of 

Education, Culture, Sports, Science and Technology 

(MEXT) and the National Institute of Radiological Sciences 

(NIRS) of Japan, in cooperation with the Japan Atomic 

Industrial Forum, Inc. (JAIF). Representatives from 8 FNCA 

countries, China, Indonesia, Japan, Republic of Korea, 

Malaysia, the Philippines, Thailand and Vietnam, along 

with a representative from the International Atomic Energy 

Agency (IAEA) attended the Workshop. 

 CERVIX-I (standard radiotherapy for uterine cervix 

cancer): Two hundred and ten patients were registered.  The 

5-year-local control and survival rates are 81.6% and 52.5%, 

respectively.  

 CERVIX-II (accelerated hyperfractionated radiotherapy for 

uterine cervix cancer): Total number of registered cases was 

103. Initial data on the 2-year-local control and survival rates 

are 94.2 % and 90.4%, respectively. 

 New protocol (chemoradiotherapy for cervix cancer and 

nasopharyngeal cancer): The agenda called for reports of 

experiences of each country and discussions to make a new 

protocol and to perform multicenter clinical trials. For 

uterine cervical cancer, treatment protocols for radiotherapy 

and chemotherapy, tumor response rates and side-effects 

were discussed. Limitations due to the equipment and 

economic factors were also discussed as practical aspects 

for some countries. For nasopharyngeal cancer (NPC), 

discussions centered on radiotherapy techniques, tumor 

and critical organ doses and chemotherapy scheduling. It 

was agreed that pilot studies of weekly chemotherapy at 2 

dose levels, 30 and 40 mg/m would be done. Data from 

these studies will be presented at the next meeting with the 

view towards an initiation of international randomized 

clinical trials. 
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In general, it is quite difficult to study in vivo behavior of 

strongly bioactive molecules or toxic molecules and to 

visualize the distribution of extremely low-density 

receptors in the brain without somehow affecting the 

subjects. Radiotracers with a high specific activity would 

be quite useful in performing these studies since this 

allows the injection of a sufficiently small amount of 

tracers into a living subject, but with enough radioactivity. 

A wide variety of 11C-labeled compounds have been 

prepared using [11C]CH3I as a synthetic precursor and used 

for in vivo receptor imaging in the brain by PET. [11C]CH3I 

has been prepared mainly by reducing [11C]CO2 generated 

directly in a target chamber with LiAlH4 in THF. However, 

this method has always suffered from  contamination by 

non-radioactive CO2 from the atmosphere, reagents, etc., 

which causes a decrease in the specific activity of the 

product. Alternative methods have been published for the 

production of [11C]CH3I, by the reaction of [11C]CH4 with 

I2 vapor at a high temperature. The new method has 

advantages in simplicity and repeatability of [11C]CH3I 

production in a short time interval. In addition, the method 

has the potential advantage of high specific activity since 

the LiAlH4/THF solution, the major source of carbon 

contamination, can be avoided. It might be interesting to 

produce [11C]CH4 directly in the target chamber and 

convert it to [11C]CH3I by passing through a quartz column 

with iodine vapor at high temperature since this method 

might avoid most effectively the possibility to be 

contaminated by CO2 and shorten the synthesis time for 

[11C]CH3I, i.e., be most suitable for high specific activity 

and simplicity of the production. It might also be 

interesting to apply the high specific activity 
11C-compounds to ex vivo and in vitro autoradiography 

studies in extremely low concentration region. 

   We have designed and constructed an automated 

device for the production of ultra-high specific activity 
11C-labeled compounds via [11C]CH3I synthesized by the 

single pass I2 method coupled with the in situ [11C]CH4 

production method. The optimum conditions for the 

production of [11C]CH3I were determined to be 630℃ for 
the reaction column, 50˚C for the iodine column and 50 

ml/min for the He gas flow rate; these gave the maximum 

conversion ratio of [11C]CH3I, 44%. [11C]Ro15-4513 was 

produced by the reaction of the desmethyl compound with 

the above [11C]CH3I under the optimized conditions. An i.v. 

injectable [11C]Ro15-4513 solution of 1500±490MBq 

(n=6) with specific activity 4700±2500GBq/�mol and a 

radiochemical purity of 98.2±2% was obtained 

automatically within 25 minutes (from EOB) by 

irradiating nitrogen gas containing 5% H2 with 18 MeV 

protons (14.2 MeV on target) at 20 �A for 20 minutes. 

The highest specific activity of 9700GBq/�mol (at EOS) 

could be achieved, although the radiochemical purity was 

92.4%. Using the ultra-high specific activity 

[11C]Ro15-4513, allowed us to clearly visualize the super 

high affinity binding sites in the rat brain hippocampus 

even at the extremely low concentration of 0.66 pM 

Ro15-4513 by in vitro autoradiography.  

   This method could be applied for the syntheses of 

other 11C-labeled compounds requiring ultra high specific 

activity which might be quite powerful tool for general 

studies in an extremely low concentration region. 
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[18F]fluoroethyl bromide ([18F]FEtBr) is a useful 
alkylating reagent for introducing 18F into substrates 
containing amine, phenol and amide functional 
groups.  However, compared with [11C]methyl 
iodide ([11C]CH3I), [18F]FEtBr has been used to a 
much more limited extent, and for the most part 
only in research areas.  Recently, we developed an 
automated system for synthesizing 18F-labeled 
compounds using [18F]FEtBr as a precursor.  
Using this system, we prepared [18F]FEtBr in a 
reproducible radiochemical yield of 60 - 75% 
(corrected for the decay, based on total [18F]F-) and 
synthesized several [18F]fluoroethylated ligands.  
However, in our experiments, we faced a major 
difficulty, that is, the lower reactivity of [18F]FEtBr 
with substrates containing amine, phenol and amid 
functional groups than that of [11C]CH3I.  In this 
study, the strategies included: 1) adding NaI into 
the reaction mixture of [18F]FEtBr and nucleophilic 
substrates, where [18F]fluoroethyl iodide ([18F]FEtI) 
is reversibly formed and becomes more reactive 
with the substrates than [18F]FEtBr; 2) converting 
[18F]FEtBr into [18F]fluoroethyl triflate 
([18F]FEtOTf), a highly reactive intermediate by 
analogy with [11C]methyl triflate ([11C]CH3OTf). 
As model substrates, 4-piperidyl acetate (P4A, 
amine type), 
N-[2-[4-(4-chlorophenyl)piperazin-1-yl]ethyl]-3-hy
droxybenzamide (CB, phenol type) and 
2a-[4-(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-5-yl)b
utyl]-2a,3,4,5-tetrahydro-1H-benz[cd]-indole-2-one 
(DR, amide type) were selected to react with 
[18F]FEtBr, respectively since the 11C-methyl 
analogs of these substrates have been developed as 
putative tracers for brain acetylcholinesterase, 
dopamine D4 receptor or 5-HT7 serotonin receptor .   
Aqueous [18F]F- solution was produced according to 
the same procedure with that of [18F]FDG. The 
[18F]F- solution was dried to remove H2O and 
CH3CN, and then 2-trifluoromethanesulfonyloxy 
ethylbromide in o-DCB was added to form 

[18F]FEtBr, which was then distilled under a helium 
flow, passed through a small column filled with 
Ascarite and phosphorus pentoxide. The [18F]FEtBr 
was trapped into a solution of anhydrous DMF (300 
�L) containing substrate (0.8 - 1.1 mg) and base (if 
required: NaH 1.5 g/20 mL DMF, 10 �L or 0.5 N 
NaOH, 3 �L or 10% n-Bu4NOH/H2O, 10 �L), 
additionally 1.0 mg of NaI in the case of [18F]FEtI, 
at -15 - -20�C. [18F]FEtOTf was obtained by 
passing [18F]FEtBr through a small column 
containing AgOTf (100 mg) impregnated graphite 
carbon (300 mg) with a helium gas flow and 
trapped into the solution described above. The 
trapped solutions were heated to 25�C, 70�C, 
110�C or 130�C and kept for 5 - 30 min.  After 
the reactions were finished, the 
[18F]fluoroethylation yield for each mixture at 5, 10, 
20 or 30 min was determined by the use of 
radio-HPLC.  
As a result, the [18F]fluoroethylation yields for P4A, 
CB and DR increased significantly by the above 
improvements, i.e., 74% ([18F]FEtBr/NaI, 130�C, 
10 min) and 71% ([18F]FEtOTf, 25�C, 10 min) 
from 18%([18F]FEtBr, 130�C, 10 min) for 
[18F]FEtP4A, 68% ([18F]FEtBr/NaI/NaH, 120�C, 
10 min) and 68%([18F]FEtOTf/NaH, 25�C, 10min) 
from 40% ([18F]FEtBr/ NaH, 120�C, 10 min) for 
[18F]FEtCB, and 26%([18F]FEtBr/ NaI/NaH, 70�C, 
10 min) and 82%( [18F]FEtOTf/NaH, 25�C, 
10min) from 71% ([18F]FEtBr/ NaH, 70�C, 10 
min) for [18F]FEtDR, respectively. The lower yield 
was only observed in the reaction of DR with 
NaI/NaH, probably due to the instability of DR. In 
conclusion, the above approaches can be applied in 
the synthesis of 18F-fluoroethylated compounds 
starting from [18F]FEtBr as the synthetic precursor. 
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     The biological effects of proton and carbon ion 

beams before their clinical use were assassed.  

     Cultured cells from human salivary gland cancer 

(HSG cells) were irradiated at 5 points along a 190 MeV 

per nucleon proton and a 320 MeV per nucleon carbon ion 

beam, with Bragg peaks modulated to 6 cm widths. A linac 

4 MV X-ray besm was used as a reference. Relative 

biologic effectiveness (RBE) values at each point were 

calculated from survival curves. Cells were also irradiated 

in a cell-stack phantom to determine whether localized cell 

deaths were observed at predefined depths. Total body 

irradiation of C3H/He mice was performed, and the 

number of regenerating crypts per jejunal section was 

compared to calculate intestinal RBE values. For carbon 

ion and referential 4 MV X-ray beams, mouse right legs 

were irradiated by four-fractional treatment and followed 

up for skin reaction scoring.      

     RBE values calculated from cell survival curves at 

the dose that would reduce cell survival to 10% (D10) 

ranged from 1.01 to 1.05 for protons and from 1.23 to 2.56 

for carbon ions. The cell-stack phantom irradiation 

revealed localized cell deaths at predefined depth. The 

intestinal RBE values ranged from 1.01 to 1.08 for protons 

and from 1.15 to 1.88 for carbon ions. The skin RBE value 

was 2.16 at C320/6 cm spread-out Bragg peak (SOBP) 

center.      

     The radiobiologic measurements of proton and 

carbon ion beams at Hyogo Ion Beam Medical Center are 

consistent with previous reports using proton beams in 

clinical settings and carbon ion beams with similar linear 

energy transfer (LET) values. 
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     It is well established that the RBE (relative 

biological effectiveness) for cell killing depends on LET 

(linear energy transfer), and that a maximum RBE is 

observed at ~150 keV･µm-1. However, the therapeutic 
gain depends on the ratio of the RBEs for the effects on the 

cancer cell population and the effects on normal tissue. The 

RBE of a given radiation quality depends not only on LET 

but also on dose, biological system and effect, and 

irradiation conditions. There are no data available to 

answer the question: which LET is suitable to improve the 

biological therapeutic gain of carbon ions? Here, three 

different LET values of 290 MeV/u carbon ions were 

selected, and the relative biological effectiveness was 

compared between tumor-growth retardation and skin 

damage using a murine transplantable tumor. Larger RBE 

values for tumor were obtained when carbon ions were 

used by intermediate LET delivered daily for 2 to 5 

fractions. The biological therapeutic gain would be high 

for the carbon ion SOBP if the numbers of fractionation 

were correctly selected in clinical trials.  
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     The relative biological effectiveness (RBE) for 

animal tumors treated with fractionated doses of 290 

MeV/u carbon ions was studied. The growth delay of 

NFSa fibrosarcoma in mice was investigated following 

various daily doses given with carbon ions or those given 

with cesium É¡-rays, and the RBE was determined. 

Animal tumors were irradiated with carbon ions of various 

LET (linear energy transfer) in a 6-cm SOBP (spread-out 

Bragg peak), and the isoeffect doses, i.e. the dose 

necessary to induce a tumor growth delay of 15 days were 

studied. The isoeffect dose for carbon ions of 14 and 20 

keV/µm increased with an increase in the number of 

fractions up to 4 fractions. The increase in the isoeffect 

dose with the fraction number was small for carbon ions of 

44 keV/µm, and was not observed for 74 keV/µm. The � 

and � values of the linear-quadratic model for the 

radiation dose-cell survival relationship were calculated by 

the Fe-plot analysis method. The � values increased 

linearly with an increase in the LET, while the � values 

were independent of the LET. The �/� ratio was 129 ± 10 

Gy for �-rays, and increased with an increase in the LET, 

reaching 475 ± 168 Gy for 74 keV/µm carbon ions. The 

RBE for carbon ions relative to Cs-137 � -rays increased 

with the LET. The RBE values for 14 and 20 keV/µm 

carbon ions were 1.4 and independent of the number of 

fractions, while those for 44 and 74 keV/µm increased 

from 1.8 to 2.3 and from 2.4 to 3.0, respectively, when the 

number of fractions increased from 1 to 4. Increasing the 

number of fractions further from 4 to 6 was not associated 

with an increase in the RBE. These results together with 

our earlier study on the skin reaction support the use of an 

RBE of 3.0 in clinical trials of 80 keV/µm carbon beams. 

The RBE values for low doses of carbon beams were also 

considered. 
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A nuclear criticality accident occurred in Japan on September 30, 

1999, which resulted in severe exposure of three victims to mixed 

flux of neutrons and � -rays. Estimated average doses for the three 

victims were 5.4 Gy of neutrons and 8.5 Gy of � -rays for Patient A, 

2.9 Gy of neutrons and 4.5 Gy of �-rays for Patient B, and 0.81 Gy 

of neutrons and 1.3 Gy of � -rays for Patient C. They then suffered 

the consequences of the effects of ionizing radiation resulting in acute 

radiation syndrome. In Patients A and B, bone marrow failure was so 

severe that they received haematopoietic stem cell transplantation. 

The graft initially took successfully in both patients, although in 

Patient B it was later taken over by his own haematopoietic cells. 

They also suffered from severe skin lesions, later exhibited 

gastrointestinal bleeding and eventually died of multiple organ failure 

82 and 210 days after the accident, respectively. The survival of these 

patients beyond the period of agranulocytosis means that bone 

marrow failure per se caused by exposure to ionizing radiation may 

now be overcome. Patient C also developed bone marrow failure 

and was treated with granulocyte colony-stimulating factor as well as 

supportive care. He recovered without major complications and is 

now under periodical follow-up. Remarkably, during the prodromal 

phase, all the patients exhibited hypoxaemia, two of whom also 

showed interstitial oedema of the lungs. In Patient C these 

manifestations improved within a week. The circumstances of the 

accident and the initial medical treatment of the victims are described. 
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