Table 2. Subanalysis of survival
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Factors 2-year OS P-value by log-rank 2-year PFS P-value by log-rank

Chemotherapy
With 47.6 £ 18.7 0.10 41471 0.75
Without 53.6+7.6 24.1£19.5

Tumor diameter
Over 30 mm 559+10.2 0.70 350+9.2 0.34
Under 30 mm 50.3+10.7 50.3+9.8

HCC type
Hypovascular 43.2+20.8 0.86 22.2+13.0 0.040
Hypervascular 51.6+84 442 +82

Child-Pugh Grade
A 53.6£8.0 0.13 40.5+7.5 0.22
B-C 303+17.1 36.0+16.1

Sex
Female 784+ 11.2 0.044 67.6+12.1 0.049
Male 43.1+ 84 30377

Serum AFP value
Over 20 523109 0.81 42.1+102 0.59
Under 20 54.8+9.9 453+9.6

Serum PIVKA-II
Over 35 44.7 £ 10.6 0.039 32.5+£9.8 0.16
Under 35 69.7£9.9 544 +9.8

BED (Gy)
Over 100 48.1 £10.4 0.28 41.8+10.2 0.99
Under 100 572+9.7 39.2+8.8

Age (years old)
Over 75 56.7£10.2 0.80 544+9.3 0.58
Under 75 49.7+9.8 302 +8.6

Hilum LN metastasis
With 50.0+354 032 0+0 0.12
Without 53.5+73 419+6.9

Clinical stage
I 582+10.8 0.40 663+9.3 0.007
II- 50.0+10.9 184 +8.0

Continued
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Table 2. Continued

Factors 2-year OS P-value by log-rank 2-year PES P-value by log-rank
Primary effect
PR/CR 56.8+7.8 0.44 02975 0.24
NC/PD 38.7+£19.5 28.7+15.3
Performance status
0-1 54.5+7.6 0.15 37.6+6.9 0.26
2- 50.0£25.0 50.0+25.0

OS = overall survival, PFS = progression free survival, HCC = hepatic cell carcinoma, AFP = a-fetoprotein, PIVKA = protein induced by vitamin K absence or antagonist,
PR = partial response, CR = complete response, NC = no change, PD = progressive disease.

Treatment

For treatment planning, abdominal pressure corsets such as a body
shell (19 cases) and vacuum cushion (59 cases) such as blue back
(S cases), Vac-Lok (13 cases), or Body-Fix (5 cases) were used. In
one case, none was used. Tumor motion was confirmed at < 1 cm in
the cases using abdominal pressure. The gross tumor volume was
delineated on both inspiratory and expiratory planning CT images by
the respiratory depression method. The breath-holding method was
used in 43 cases, the gating method in 10 cases, and the respiratory
depression method in 25 cases. One patient was treated with free-
breathing. The planning target volume was configured considering
respiratory movement, the set-up margin, and the sub-clinical margin.
SBRT was performed with an X-ray beam linear accelerator of 6 MV.
The total irradiation dose delivered was dependent on the judgment
rendered at each institution. A collapsed cone convolution, superpos-
ition algorithm, or analytical anisotropic algorithm was used for dose
calculations.

The mode value of the total irradiation dose was 48 Gy in 4 frac-
tions (38/79 cases) (from 40 Gy in 4 fractions to 60 Gy in 10 frac-
tions). The prescription point was D9S (dose covering 95% volume
within the PTV) in 48 patients (61%) and the iso-center in 31
patients (39%). The biologically effective dose (BED) (o/B =10 Gy)
was 75-106 Gy (median: 96 Gy) (Table 1). The following formula
for BED,, was used: BED (Gy,o) =nd x (1 +d/10). In all cases, CT
registration such as kV cone beam CT or on-rail CT was performed
during each treatment.

SBRT was delivered using multiple non-coplanar static beams
(using >7 non-coplanar beams) generated by a linear accelerator or
volumetric-modulated arc therapy. Daily image guidance, by using
either orthogonal X-rays or onboard CT imaging, was used to re-
localize the target before treatment delivery.

In seven patients, TACE was performed before SBRT. Oral
tegafur/ CDHP/oteracil potassium (S-1) was combined concurrently
with liver SBRT in one patient.

Follow-up
Patients were examined every 1 to 3 months for 1 year after liver
SBRT and tri-monthly thereafter. Laboratory tests were performed at
every visit. Treatment responses and intrahepatic recurrences were
evaluated with dynamic contrast-enhanced CT or MRI every
3 months according to the modified Response Evaluation Criteria in

Solid Tumors (mRECIST) [16]. Toxicity was evaluated with the
Common Terminology Criteria for Adverse Events (CTCAE),
version 4.0. Acute and sub-acute toxicities were defined as adverse
events occurring within 3 months and 3 to 6 months, respectively,
after liver SBRT. Late toxicities related to liver and other toxicities
were defined as those occurring after 6 to 12 months and from
6 months to the last follow-up, respectively. Laboratory tests included
determinations of aspartate aminotransferase, total bilirubin, platelet
count, and albumin.

Statistical analysis

Survival rates were calculated by Kaplan-Meier analysis. Log-rank
testing was used to compare outcomes between the subsets of
patients analyzed. Cox proportional hazards regression analysis was
used for multivariate analysis. A P-value of <0.05 was considered
significant. Data were analyzed with SPSS Statistics 20.0 (IBM Corp.,
Armonk, NY, USA). The points on survival curves by Kaplan-Meier
were censored cases.

RESULTS
Eligible patients
The median follow-up time was 21.0 months (range, 3.4-
68.3 months) for surviving patients. SBRT was performed as sched-
uled and was feasible in all patients. At the last follow-up, 48 cases
(61%) had survived and 31 cases (39%) were deceased.

Treatment outcomes
The first local effect was complete response in 36 cases (46%), partial
response in 28 cases (35%), no change in 9 cases (11%), progressive
disease in 4 cases (5%), and not evaluable in 2 cases (3%). At censor-
ing during the follow-up, 14 cases (18%) had local progression, 63
cases (80%) did not have local progression, and 2 cases (3%) were
not evaluable.

For the 79 patients, the 2-year overall survival (OS), progression-
free survival (PES), and distant metastatic-free survival (DMF) were
52.9% +7.1%, 39.9% +6.9%, and 76.3% * 6.6%, respectively. The
number of patients at risk was 43 (54%), 21 (27%), 9 (11%), and 3
(4%) at 1-, 2-, 3- and 4-years in OS, respectively.

The results of sub-analysis of survival are shown in Table 2. Sex
(female vs male) and serum PIVKA-II value (over 3S vs under 35)
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Fig. 1. Overall survival curves by serum PIVKA-II value (over
35 vs under 35 AU/ml). There was no patient with serum
PIVKA-II level of just 35 AU/ml.
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Fig. 2. Progression-free survival curves by HCC type
(hypovascular vs hypervascular).

(Fig. 1) were significant predictive factors for 2-year OS (P =0.044
and 0.039, respectively) by the log-rank test. HCC type (hypovascu-
lar vs hypervascular) (Fig, 2), sex (female vs male), and clinical stage
(Ivs I-III) (Fig. 3) were significant predictive factors for 2-year PFS
(P=0.040, 0.049 and 0.007, respectively) by the log-rank test.

By multivariate analysis (Cox proportional hazards regression ana-
Iysis), clinical Stage I vs II-IIT (other covariates were male vs female
and PIVKA-II > 35 vs < 35) was the only significant predictive factor
for PFS (P =0.017, 95% CI = 0.190-0.848) (Table 3). No differences
in predictive factors were shown for OS and PFS, even when other
factors such as tumor diameter >30 mm vs <30 mm, hypervascular vs
hypovascular HCC by CT scan, and BED,, >100 Gy vs <100 Gy
were added to the analysis.

Treatment-related toxicity
All liver SBRTs were completed without toxicity during the RT
period. There was no Grade § toxicity. After the RT period, six
patients (4.6%) experienced Grade 3-4 gastrointestinal toxicity and
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Fig. 3. Progression-free survival curves by clinical stage (I vs
II-TIT).

Table 3. Multivarjate analysis for survival

Factors (O PES
P-value 95% CI P-value 95% CI

Stage 0.47 0.017

I 0.303-1.730 0.190-0.848

JIE 1 1
Sex 0.29 0.36

Male 1 1

Female 0.123-1.871 0.246-1.665
PIVKA-II 0.28 0.56

Over 35 0.656-4.330 0.604-2.547

Under 35 1 1

OS = overall survival, PFS = progression free survival.

three patients (2.3%) had Grade 2 gastrointestinal toxicity. With
regard to Grade 34 toxicities, duodenal ulcer, transverse colon ulcer,
gastroduodenal aorta rupture, biliary stricture after SBRT occurred in
one patient, respectively, and gastrointestinal bleeding in two patients.
Only the gastroduodenal aorta rupture was Grade 4 toxicity. Of these
nine patients, seven had a Child-Pugh score of Grade A, and the
other two patients had a Child-Pugh score of Grade B before SBRT.
No significant (= Grade 3) liver enzyme elevation was observed
during treatment, nor was classic RILD observed.

DISCUSSION
This is a retrospective study that reviewed data extracted from the
database of JRS-SBRTSG for 79 patients with HCC treated at six
institutions. The OS of 53% in this study at 2 years after liver SBRT
might be considered satisfactory considering that the patient group
included frail patients for whom surgery was contraindicated due to
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Table 4. Previous reports on survival after SBRT for HCC

Year Ref Dose Subject n MST (mo) (O PFS Median size Child
2008 [17] Median 36 Gy/6 Fr HCC 31 11.7 1 year: 48% 173 em®
2010 [18]  Median 36 Gy/3 Fr HCC 17 1 year: 75%
2 year: 60%
2010 [19] 30-39 Gy HCC 42 1 year: 93% 1 year: 72% 154 cm®
3 year: 59% 3 year: 68%
HCC 25 1 year: 79% 4.5 cm A: 48%
2010 [16] 45 Gy/3 Fr by Cyber 2 year: 52% B: 4%
C: 28%
2011 [20] Median 44 Gy/3 Fr 60 2year: 67% 2 year: 48% 32cm A: 60%
B: 40%
2012 [21] Median 30 Gy/1S Fr HCC 21 1 year: 87%
1CC 11 2 year: 55%
2013 [15] Median 36 Gy/6 Fr HCC 102 17.0 1 year: 55% 117 cm?® A: 100%
2 year: 34%
2013 [22] Median 60 Gy HCC 14 37.0 1 year: 83%
2 year: 83% 2 year: 54% 2.3 cm

MST = median survival time, OS = overall survival, PES = progression-free survival, Child = Child-Pugh Grade.

decompensated cirthosis and who were in an older age group
(median age 73 years). Patients in this study were very heteroge-
neous, and some patients might not have been candidates for SBRT
according to strict guidelines. Survival data was the only factor ana-
lyzed in this study.

Survival data after SBRT for liver tumor from previous reports
are summarized in Table 4. According to those reports, the 2-year
OS was 34% [15], 52% [16], 55% [21], 60% [18], 67% [20] and
83% [19]. The 2-year OS was 53% in the present study, which
cannot be viewed as a satisfactory result. In order to improve our
results for survival, an increase in the radiation dose may be required,
although BED,, was not the factor for survival in the present study
(Table 2). The median BED, in this study was 96 Gy; therefore,
over half of the patients received a BED,o of <100 Gy. Dose escal-
ation for HCC patients with decompensated cirrhotic liver disease
may be deleterious with respect to normal liver tolerance. Takeda
et al. [23] used 35~40 Gy in five fractions (59.5-72.0 Gy in BED),
based on baseline liver function and on liver volume receiving >20
Gy (V20) in SBRT for untreated solitary HCC patients. They
reported relatively good results, in which the 2-year local control rate
and OS were 95% and 87%, respectively [23], although the BED,
was not very high. In their paper [23], the doses were prescribed to
the planning target volume surface. In the present study, on the
other hand, the doses were prescribed to the PTV-D9S (61%) or the
iso-center (39%).

By multivariate analysis, clinical Stage I vs Stage II-IIT was the
only significant prognostic factor for PFS. The main prognostic

factors of HCC reported previously included stage classification, inva-
sion to a blood vessel, liver function, tumor diameter, or the number
of tumors [24-26]. However, in our study, clinical stage was found to
be the sole prognostic factor.

Guidelines for HCC diagnosis indicate that a pathological diagnosis
is not necessary if a tumor has a typical radiographic appearance. In
this study, 20% of the patients had hypovascular HCC, and most of
these HCC lesions were diagnosed by "*fluorine-fluorodeoxyglucose
positron-emission tomography study and the o-fetoprotein tumor
marker of the L3 fraction. The reason for the poorer survival of patients
with the hypovascular type of HCC than patients with the hypervascu-
lar type was not clear. Usually, hypovascular HCC is at an earlier stage
and has a good prognosis. This reason why hypovascular HCC had a
poorer prognosis may be that many cases of hypovascular HCC in this
study had been observed without immediate treatment until size-up,
plethoric change, and/or MRI signal change, as stated above.

Only one patient with Child-Pugh Grade C was treated with
SBRT in this study. In that patient, there was no other treatment
option, and the patient was informed of the risks of the procedure
and provided consent.

There are some limitations in this study in that it is retrospective
and part of a multi-institutional series with a relatively short follow-up
period (median 1S months). In addition, the irradiation dose and
follow-up methods were inconsistent. The reason for the lack of dif-
ference according to the stratification of the irradiation dose may be
due to the various algorithms or to the differing prescription points
between institutions.



CONCLUSION
Overall survival after SBRT for liver tumor was satisfactory, especially
in Stage I HCC, despite the candidates being unsuitable for resection
and ablation. SBRT is safe and might be an alternative method to
resection and ablation.
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Abstract

We have developed a data archiving system for study of
charged particle therapy. We required a data-relation
mechanism between electronic medical record system (EMR)
and database system, because it needs to ensure the
information consistency. This paper presents the investigation
results of these techniques. The standards in the medical
informatics field that we focus on are Integrating the
Healthcare Enterprise (IHE) and 2) Health Level-7 (HL7) to
archive the data. As a main cooperation function, we adapt 2
integration profiles of IHE as follows, 1) Patient
Administration Management (PAM) Profile of IHE-ITI
domain for patient demographic information reconciliation, 2)
Enterprise Schedule Integration(ESI) profile of IHE-Radiation
Oncology domain for order management between EMR and
treatment management system(TMS). We also use HL7 Ver2.5
messages for exchanging the follow-up data and result of

* laboratory test. In the future, by implemeniation of this system
cooperation, we will be able to ensure interoperability in the
event of the EMR update.

Keywords:
Radiotherapy, Database, Strandards, IHE, HL7.

Introduction/Purpose

Our hospital has a mission of clinical research for
radiotherapy. Charged particle therapy (carbon ion) was
started in 1994, and over 9,500 cases have been treated by
November, 2014. To accomplish this mission, we managed
multi-system such as electronic medical record systems
(EMR) and charged particle therapy treatment management
system (TMS).

In 2000, we started to operate the Advanced Medical
Information Database System (AMIDAS) for archiving the
radiotherapy information. With the starting of EMR, we
allocated a role to information systems as follows, EMR: input
data related radiotherapy, AMIDAS: make - report and
summary of radiotherapy. So the AMIDAS is required to
construct a mechanism to collect the data which is input by
end-user on EMR.

Methods

The data targeted for the cooperation are following: (1) patient
demographic information, (2) tumor related information, (3)
radiation plan information, (4) follow-up information (tumor
effect, advance reaction, mortality, etc.), (5) laboratory results,

(6) treatment delivery information. We divided the
implementation process into two stages and examined it as
two steps: (1) investigated the availability of ITHE [1]. (2)
investigated the use of HL7 messages.

Results

This cooperation function was realized by two IHE integration
profiles as follows, (1) Patient demographics and visit
information: PAM Integration Profile, (2) Radiotherapy order
and delivery information: ESI Integration Profile. For
communication of treatment follow-up information and
laboratory test we defined context and used HL7 messages.

Discussion

We show the comparison results using standard with original
sysytem-interface in Table 1.

Table 1— The Comparison of Standard with original messages

Comparisonpoint Standard-  Standard- Orignal
parisonp THE HL7 interface
Xﬁz?ng number of little few much
Egrea;l;e of the possible possible  impossible
;l;?c?éga?gﬁ: short middle long
Conclusion

In comparison with original message system interface, it may
be said that the system which was developed using a
standardization technology has interoperability. From the
standpoint of system-operation by using standards, when we
will renew the EMR, AMIDAS can receive the data from
EMR without software modification.

References

[1] THE(Integrating the Healthcare Enterprise)
http://www.ihe net/Technical Frameworks/

Address for correspondence

MUKAI Masami E-mail:m_mukai@nirs.go.jp



PB-1-3
HEHEBERET — A A=A VAT ALILBITAT—3 XX —T DEF

OmiE 2240 BE REY o HESF? FE BY
WER-ENTERSrL s — EEFEEY HEF-ENTFERSSZwLET

1

HE EXFERS +fe§’»4?ﬁ$§r 7
Examination of the data schema for Radiotherapy database

Masami Mukai'!  Yasuo Okuda'!  Hiroshi Tsuji”  Yutaka Ando®
Medical Informatics Section, Research Center for Charged Particle Therapy, NIRSY
Research Center for Charged Particle Therapy Hospital, NIRS”
Research Center for Charged Particle Therapy,
National Institute of Radiological Sciences (NIRS)?

«c:';:%:? LIRTE. WS RICET AT —2OBEEREERE B WIC, 2000 EICHERARRET —4—
A5 LAAMIDAS)DEREEEL-. SH. ¥R AFLOEFHEORD ., BEBI BN L-F—20ER
&;ﬁ%gﬁéjtﬁ COERER—RIZE I # AMIDAS OF —42458E (RE—)VERF L. BE10EBOF—4
F—TLELTIE, 198/426 (46%) AFIRSh TORNIEAD I ofz, B MV AF LLOEEERNEE TS
et EYTF A FERENEESILEBREN, MELAERERICT— TS LVIEEFH2. 317508
bl *«@'7‘—0 v@aﬂfﬁ%‘ [C&l, F—2EER Y TN ERYF— NS B 2T AR B A BE TS O
DT FRAEEORTEA. 22 BETESSCRETIESEROBEALYRRITEEIENH
%ﬁ%»‘éc
F—1J—K: Radiotherapy, Database, Schema. Oncology database

1. 1FEHIC BHEITIIE 2T, 1B 10 EMOEELREL.
L SyRE 100 5K, ﬂ% cEEHIT 70~100 BT T _EBEoBRBERIVNERF —FEHDE
NEDOHFEBEBEORRTHE, BEILHEE BTV VAT LAOBREPRSTALELE, &
BRI LTEY, 1961 FiZ X BEICLAHEE BETIE, 7F¥BERIUEE(LIE. E 1 #
TERERRIEL. 1994 ELVREAA RERVEER AMIDAS A Schema)DE{E -REH RISV THE
BRI A EREERML. 204E R EET 5,
IR 9800 BIDIEEERIT o T 5, -SRI E
CETAMEEBETLEY. ThhOMSREREICE
THERESR. IBERNE. TROBEIERTED
THOEERERTHD. MEBRBREILETOES
PEHBIIEV-BELTFELENRERREERE
Rl EEEITITIIERE é’az:\ 1999 4 LA

Particle Tharaoy 1mmtsmfﬁ

|
MEFERET — &~ — R AT 5 (AMIDAS: POl §
Advanced Medical Information Database System)’&’?%‘? rrsammzuafé;?mt § 1 f'
EL 2000 FLOERZELLY, KOAFAOMLE et
DTREIFT, 2015 FERBZEEIIVAT A B BERERSXTLLO AMDAS QB ST

~ 106 -



B

2. A

% I 5 AMIDAS J& Schema OBFHIHTVIRDSE
ATy T THRETIT o7, Stepl)2014 £ 10 BETD
ETOF—F(F—T I - TFH)IZDWT, FTAK
F— G USNDET —IREFSATNEL0EET
BT, Sep)ftn ELET —FEREZRIAEL T
T —TBLUNT A, ZEICBESNLTHSR
SaFEIELT: Schema ER{ERKT 5, Step3)7—7
@ Relation (BFER)ICOWT. TEREES
FFRRETERIIEE TS, SephFIRE (B
BRI, BIEEETOREZHFAL AR T S,
StepS) I H RIEEOE ¥ T —#IEE Radiation
Oncology Database™ TERESHN TVHIE B LHE-
BETE, Steph) BTV AT LDF —F_R—3
(Schema) B0 F —FBITEEEL, BITEER
F T NEHT NEENTB,
3. #E
1) T—REERE

BATV AT LOF —E_A—R%, 406(5 L RIS
150)F—7 A3,943(OBERFRIERR 2,190 05 5%-70
L%, B T £ AMIDAS /3 Schema TIZEERIESR
100 F—7 /1185 HTLETEBETAENTER,
Efn, F—7 D Relation BLIUHTAIBOFEIC
DWTHRL ERIEBERLLTEFELTVWEEEY
B (. TEBOEITRI TNM %) &5,
AERGRERI - W EEREEERTAR
WeZAT 57278 B (Bl.stage 155, grade BT 124 T
Bol, BEREFZELTWRWEE ThoTo N EE
F—FIE B EREELEEENLEE (. RS
ATEEE, 1l ETh-oT,
2) F—RBITIL—ILEE

47T Schema TSN TWAT —F%E 1 #
AMIDAS f Schema [ZB{T T AIZH N, N—v BT
FHL ROLSEDE, OREFRIVEBEIIS TS
BROL~ (BB BR—DLDITEDEERITT
B, QU B2 of B B i, AAER T
EE LA~ ThHEILIbUT I oIcghEsed, &R
F—RELBITTE. OBRT —FERDR B

F-2R - HHOERGRVIE BT OV TIEEEE (B
B BITo T3, TRLDEBIZOVWTIZ, Y55
F—T VI BFREACMNEERRIT. BT ROIE
B4 EIOWRTT —FERETVBITTS. IO
mE XD EETRERICERLR, TFEeL TR
ITETETRBII ONIE 2ot EEREHOER
CRITABERHEEL DS THBRIENRD, T —F0
BAFERE SN THARVWEBOA 2572
F— B DN THLIOBATASAV MARE R T52E
BCEE,
4, SEOMELICDONT

SEEEOTE T £ AMIDAS FB Schema #2512,
BATVATLALBREOEVEESCRE-E5E

ERBETEAD, VARVACEE2V I EE S
TONIAT VAT LEEEL, RIETHTFETHD.
£, EREEREDYL, F—FEE ORI onT
i ERIOEFOF—FEEORERROERE
FEAR, AEBELCGHEEITOTETHD,

s ZE X8
(1] FFEEL A RSN EE%ET, bR =5 2000 5
HESHEE EF LT VAT ALK RIERT —
Fi—ADEHE BEARABREEESE 19 HEFA
£:ppld8. B
[2] Radiation Oncology Database  (/H ROGAD),
HBERSES,

ntip://www.jastro.or,jp/aboutus/child. php 7eid=00029

BAE

“10"-



Journal of Radiation Research Advance Access published December 9, 2015

Journal of Radiation Research, 2015, pp. 1-4
doi: 10.1093 /jrr/rrv073
Short Communication

External effective radiation dose to workers in
the restricted area of the Fukushima Daiichi
Nuclear Power Plant during the third year after

the Great East Japan Earthquake

Akira Sakumi', Ryu Miyagawa®, Yuki Tamari?, Kanabu Nawa?, Osamu Sakura*
and Keiichi Nakagawa®*

'Department of Radiation Oncology, Cancer Institute Hospital, Japanese Foundation for Cancer Research, 3-8-31 Ariake, Koto-ward, Tokyo, 135-8550, Japan
*Department of Radiology, The University of Tokyo Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8655, Japan
3Department of Pathology, The University of Tokyo Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8655, Japan
*Interfaculty Initiative in Information Studies, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ky; Tokyo, 113-8655, Japan
*Corresponding author. Department of Radiology, The University of Tokyo Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8655, Japan.
Tel: +81-3-5800-8786; Fax: +81-3-5800-8935; Email: k-nak@fg7.so-net.ne.jp
Received July 3, 2015; Revised September 28, 2015; Accepted October 1, 2015

ABSTRACT

Since the Great East Japan Earthquake on 11 March 2011, Iitate Village has continued to be classified as a deliber-
ate evacuation area, in which residents are estimated to receive an annual additional effective radiation dose of >20
mSv, Some companies still operate in litate Village, with a special permit from the Cabinet Office Team in Charge
of Assisting the Lives of Disaster Victims. In this study, we measured the annual effective radiation dose to workers
in Iitate Village from 15 January to 13 December 2013. The workers stayed in Iitate for 10 h and left the village for
the remaining 14 h each working day. They worked for S days each week in litate Village, but stayed outside of the
village for the remaining 2 days each week. We found that the effective radiation dose of 70% of the workers was
<2 mSyv, including natural radiation; the maximum dose was 3.6 mSv. We estimated the potential annual additional
effective radiation dose if people returned full-time to Jitate. Our analysis supports the plan for people to return to
their home village at the end of 2017.

KEYWORDS: effective radiation dose, Fukushima, ambient dose rate, decontamination

INTRODUCTION
On 11 March 2011, the Great East Japan Earthquake caused the
Fukushima Daiichi Nuclear Power Plant disaster, which resulted in
the release of radioactive material into the surrounding environment.
Terada ef al. pointed out that a certain amount of the '*’Cesium was
carried by a south-east wind as a radioactive plume and precipitated
over land [1]. The government designated the 20-km radius around
Fukushima Daiichi Nuclear Power Plant as a restricted area and the
30-km radius as a deliberate evacuation area, Although Jitate Village is
located 30 km northwest of the Fukushima Daiichi Nuclear Power
Plant, the density of deposition from the radioactive material there as
measured more than 1000 kBq/m? adjusted to 14 June 2011 [2], and

a village-wide evacuation was officially announced. Maps around
Fukushima showing the measured dose distribution are summarized
in Fig. 1.

However, the Japanese Ministry of the Environment has permit-
ted the continued operation of some companies and firms in litate,
under the condition that workers are subjected to a maximum add-
itional effective radiation dose of <20 mSv/year, excluding the natural
dose [3]. Consequently, a certain number of workers have been
allowed to stay in litate for limited hours each day, provided they
commute from a place of refuge located outside of Iitate. To meet the
guideline conditions for returning to the village, people in Iitate have
carried out decontamination.

© The Author 2015. Published by Oxford University Press on behalf of The Japan Radiation Research Society and Japanese Society for Radiation Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use,

please contact journals.permissions@oup.com
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Fig. 1. Maps around Fukushima with dose distribution. (a) Location of Fukushima prefecture in Japan. (b) Cumulative dose
distribution of cesium-134 and cesium-137 at ground around east side of Fukushima prefecture, which was measured by the
airplane monitoring of MEXT and U.S. Department of Energy. The location of Fukushima-Daiichi nuclear power plant is shown
by the point FNPP. Dose measurement is not performed for the shaded area in the vicinity of FNPP. The area surrounded by a
thick line corresponds to Titate village. (c) Areas to which evacuation orders have been issued in Iitate village, reported by
Ministry of Economy, Trade and Industry [17]. Region 1 corresponds to areas where it is expected that the residents have
difficulties in returning for a long time. Region 2 corresponds to areas in which the residents are not permitted to live. Region 3
corresponds to areas to which evacuation orders are ready to be lifted. The workers whose external effective radiation dose
measured in this study stayed within the enlarged square area of this map for 10 h in each day. The numbers in the square area
correspond to ambient dose rates [pSv/hour] measured by airborne monitor on September 2013 reported by Ref. [16].

However, direct measurement of the external exposure at Fukushima
was abbreviated [4-6], and much of the data were estimated from
the ambient dose rates determined by airborne monitoring [2, 7-10].
In general, the summation of the ambient dose rate is much higher
than that determined by direct measurements with a semiconducting
detector [4-6].

We performed direct measurements with a glass dosimeter (as is
popularly used for radiation protection in laboratories and hospitals)
on workers in the deliberate evacuation area. By analyzing the data,

we determined the potential annual effective radiation dose for
people returning to their daily lives in litate.

MATERIALS AND METHODS
In order to measure the effective radiation dose of workers, we used a
glass dosimeter (Glass Badge: GD-450, Chiyoda Technology Corp.).
This type of dosimeter is normally used to monitor the radiation
exposure of a person. We asked the workers to carry the dosimeters
continuously during the year (including for their commute and while



staying in their houses). We replaced the dosimeter every 2 months
because the lowest detectable dose per 2 months by the glass dosi-
meters was 0.05 mSv, which corresponds to 0.3 mSv per year. The
control glass dosimeter mostly measured the dose of natural radiation
from the ground and space, which was then subtracted from the raw data.
The measurement period for the estimation of the annual effective
radiation dose was from 1S January to 13 December 2013 (ie. 333
days). We recruited workers to carry the dosimeters throughout the
year. We explained how to carry the dosimeter and the significance of
the estimated effective radiation dose.

We recruited 64 workers (age: 19-62 years old, median: 38 years
old, sex: 39 men, 25 women) in Jitate. Twenty control ambient dose
monitors (in air) were employed (at 12 points indoors and eight
points outdoors) at a certain facility in Iitate. Each point indoors was
located by the window within the room. The ambient dose rate was
measured with a Nal scintillator (TCS-172, Hitachi-Aroka Inc.).

The Ethics Board approved the protocol for this study.

RESULTS AND DISCUSSIONS
In this study, we measured two parameters using glass dosimeters:
the ambient dose rate around the decontaminated facility and the
total effective radiation dose per person.

Figure 2 shows a histogram of the annual effective radiation dose
of the workers in 2013. For 70% of the workers, the annual effective
radiation dose was <2 mSv. All of the workers with an effective radi-
ation dose >3 mSv behaved similarly; they worked outdoors for
almost 10 h in each working day. The maximum effective radiation
dose reached 3.6 mSv; this worker worked outdoors close to a road
located in the center of Iitate. The mean and median doses were 1.73
and 1.53 mSv, respectively. Figure 3 compares the human effective
and ambient doses. There was a large difference between the effective
human dose and the ambient dose both indoors and outdoors.

We roughly estimated the maximum annual additional effective
radiation dose people will encounter when they fully return back to
Iitate and their daily lives. To calculate such a maximum index, we use
the maximum value for the annual effective radiation dose of 3.6 mSv/
year in Fig, 2, which may correspond to the long tail of the histogram
in [10]. This worker, and the others who belong to the high-dose
group in Fig, 2, stayed at Iitate for almost 10 h and resided at a place of
refuge outside itate for 14 hours in each working day; they worked for
S days and stayed outside of the village for the residual 2 days in each
week. Therefore, the annual additional effective radiation dose per year
for a person staying full-time in litate (D;) or staying outside of litate
full-time (denoted by D) can be expressed by:

(3.6 — 0.54) =D; X & + Dy X (1 — 8),

__10[h] x S[days]

% = 24l % 7/days)

=~ 0.298.

where 0.54 mSv/year is the natural dose in Fukushima Prefecture mea-
sured by Chiyoda Technology Corp. [6]. & corresponds to the fraction
of dwell time in Iitate relative to one week. Then, D; = 9.34 mSv/year if
Dy is set to the mean value of 0.4 mSv/year reported by Fukushima
City. At its maximum, D; = 10.28 mSv/year if Dy is set to 0 mSv/year.
Thus, D; is clearly less than the Ministry condition of 20 mSv/year.
Furthermore, much decontamination has been performed, and several
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Fig. 2. Histogram of the annual effective radiation dose of 64

workers in Titate Village for 2013. The workers stayed for 10 h

of each day within the enlarged square area of Fig. 1c. We

observed bipolarization of the low-dose group (showing a

semi-logarithmic distribution) and the high-dose group

(>3 mSv), reflecting the bipolarization of work forms; some

worked mainly indoors, whereas the others worked outdoors.

10+ P <0.001 |

| P<0001 | P<000T |

Annual effective dose
and ambient dose [mSv]

i T

T
Worker Indoor Outdoor

Fig. 3. Comparison of the effective human dose to workers
(denoted by the column ‘worker’) and the ambient dose in
Titate (denoted by ‘indoor’ and ‘outdoor’). Twenty control
ambient dose monitors (in air) were used (12 points indoors
and eight points outdoors). Each indoor point was located
by the window within a room, so the mean value indoors
tended to be larger than that of workers, according to the
present measurements. P values were calculated using the
Student’s ¢ test.

halflives of **Cesium (ii.e. 2.06 years) have passed since 2011. There-
fore, the actual potential effective radiation dose should be less. This
result positively supports the planned return of people to their home
village at the end of 2017. The actual decision to return should be left
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to the people, but our results may help support their decisions and
sense of well-being.

The radioactivity levels of all foods grown in Fukushima were
found to be below the strict safety levels established by the Food
Safety Commission of Japan, which performed strict inspections of
rice and meat. The amount of internal exposure of people consuming
these foods in Fukushima was less than the lower detection limit of a
whole body counter (WBC) [11-14]. Therefore, most of the effect-
ive radiation dose is due to external exposure, which has not been sys-
tematically measured before. Fukushima City reported the annual
exposure of people who evacuated and who were staying outside
Titate. In contrast, we measured the annual exposure of people who
returned to litate at fixed intervals. Our data can be applied for
estimation of the expected radiation dose that would be received by
people who fully return to their homes and daily lives. It is unprece-
dented that residents return and stay in the exposure area for a certain
period; this was not allowed immediately after the Chernobyl nuclear
power plant accident. Therefore, our direct measurements can provide
valuable data on the annual exposure likely to be experienced in the
event of a nuclear disaster.

One limitation of this study is that negative feelings endemic to
the afflicted people prevented us from conducting the proper behav-
ioral survey. Now, we are following up the afflicted people with a
behavioral survey in preparation for our continued research into the
situation. Furthermore, litate does not necessarily represent the
overall situation for Fukushima. By following up on the recent WHO
project [16], we are planning to get comprehensive data concerning
the effective radiation dose by ‘D-Shuttle’, together with each person’s
daily behavior record, which will make it possible for us to promote
risk communication in Fukushima. Our recent project on time-resolved
measurement and the resultant systematic risk communication will be
summarized in our next report.
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Two Cases of Thymic Carcinoma Initially Presenting as
Bone Metastasis: A Clinical Report and the Usefulness of
CD5 Immunohistochemistry for Assessing Bone Lesions

Shigeru Sasaki', Toshirou Fukushima ', Yasuhiro Maruyama ™, Daisuke Gomi',
Takashi Kobayashi’, Nodoka Sekiguchi®, Akiyuki Sakamoto'.
Tomonobu Koizumi' and Kiyoshi Kitano®

Abstract

Thymic carcinoma frequently spreads to the pleural space, regional lymph nodes. liver and lungs. How-
ever, an initial clinical presentation involving spinal or multiple bone metastases in patients with thymic car-
cinoma is extremely rare. We experienced two cases of thymic earcinoma that initially presented with spinal
compression and severe pain due to multiple bone metastases, respectively. Both patients were histologically
diagnosed with metastatic thymic squamous cell carcinoma based on the findings of specimens resceted from
the metastatic bone lesions, We herein describe the clinical courses of these cases and review the characteris-

tics of bone metastasis of thymic carcinoma.

Key words: thymic malignancy, spinal compression, hemiparesis, chemotherapy, mediastinal turmor
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Introduction

Thymic carcinoma is a thymic epithelial neoplasm exhib-
iting cytological malignant features and a clinical course that
tends to be much imore aggressive than thai of thy-
moma (1-4). Thymic carcinoma, located in the anterosupe-
rior mediastinum, frequeritly spreads to the pleural space, re-
gional lymph nodes, liver and Iungs (1, 2). Regarding bone
invelvement, there are several case reports of the detection
of spinal metastasis in the late phase of the clinical courss
in patients with thymic malignancies, including thymic cars
cinoid tumors (3-7). However, an initial clinical presentation
with spinal or multiple bone metastases in patients with thy-
mi¢ carcinoma is extremely rare (8). [n addition, due 1o the
paucity of cases, there is little information about the diag-
nostic approach or treatment in clinical practice.

We herein describe two cases of thymic carcinoma that

initially presented with spinal compression due to tumor
spread into the intraductal space and severe pain due 1o mul-
tiple bone metastases. respectively. Both patients were diag-
nosed with metastatic thymic carcinoma based on the find-
ings of immunohistochemical examinations of specimens re-
sected from the metastatic bone lesions using a thymic
carcinoma-specific marker, CD5.

Case Reports

Case 1

A 50-year-old woman presented with a three-year history
of back pain. A paraveriebral mass had been noticed on
chest radiography and computed tomography (CT) per-
formed during @ medical examination conducted two years
previously: however, the patient had not wished to undergo
any further examinations. One month prior to the current ad-

“Department of Comprehicasive Cancer Therapy. Shinshu University School of Medicine, Japan, *First Department of Internal Medicine, Shinshu
University School of Medicine, Japan, ’*Second Department of Imtérnal Medicine, Shinshu University School of Medicine, Japan and ‘Depart-

ment of Hematology, Matsumoto Medical Center, Japan

Received for publicarion October 8, 2014; Accepted for publication November 18, 2014

Correspondence to Dr. Tomonobu Koizumi. tomonobu @shinshus.ac jp

1781



Intern Med 54: 1781-1785, 2013

DOL: 10.2169/internalmedicine. 54,4250

Figure 1.

Chest computed tomography demenstrated a left posterior mediastinal mass expanding

along the pleura (A) and an anterior mass (B). The left posterior mediastinal mass involved the tho-
racic vertebra on chest magnetic resonance imaging (MRI) (C).

A

Figure 2,
positive for CD3 (B).

mission, she developed progressive muscle weakness and
numbness of the left leg. Chest CT demonstrated a left pos-
erior mediastinal mass expanding along the pleura and an
anterior mediastinal mass (Fig. 1A, B), while magnetic reso-
nance imaging (MRI) revealed involvement of the mass in
the thoracic vertebrae (Th3) (Fig. 1C). Lamincctomy was
performed to improve the leg paralysis, snd the histopa-
thological findings disclosed a diagnosis of squamous cell
carcinoma, the tumor cells of which were positive for CD3
(Fig. 2). A tumor biopsy of the anterior mediastinim was
also performed using video-assisted thoracic surgery, which

B

The histological findings revealed squamous cell carcinoma (A). The tumor cells were

pathologically confirmed the presence of thymic sgquamous
cell carcinoma. Hence, the spinal involvement appedred to
be due 1o direct invasion of the pleural spread of the thymic
carcinoma; there were no other distant metastatic lesions.
The patient therefore received chemotherapy with 4 combi-
nation of cisplatin (30 mg/m®) and doxorubicin (40 mg/m®)
on day 1, vincristine (0.6 mg/m*) on day 3 and cyelophos-
phamide (700 mg/m™) on day 4 [cisplatin, doxorubicin, vin-
cristing and cyclophosphamide (ADOC) chemotherapy].
Four cycles of ADOC chemotherapy and subsequent radio-
therapy for Th2-3 were performed. and the chemotherapy
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A

Fignre 3.
and liver (B).

Figurs 4. "F-Fluorodeoxy glucose positron emission tomog-
raphy (FDG-PET) disclosed an abnormal uptake in multiple
bone and lymph node lesions, including the masses in the ante-
rior mediastinum and liver.

and radiotherapy resulted in stable discuse. Although slight
right hemiparesis persisted. she has experienced no serious
problems in her activities of daily living (ADLs), and she
has remained well for approximately 1.5 vears since the di-
agnosis.

Case 2

A 4%-yedr-old man presented with a six-month history of
low back pain and arthralgia. He had been admitted 0 a lo-
cal hospital due o progressive pain. A physical examination
performed al the time revealed no specific findings, although
his performance status was 2 [Eastern Cooperative Oncology
Group (ECOG) classification]. In addition, chest CT re-
vealed abnormal masses in the anterior mediastinum and
liver (Fig. 3), and "“F-fluorodedxy glucose posiiron emission
tomography (FDG-PET) showed a positive uptake in mulii-
ple bone lesions, including the mediastinal and hepatic -
mors (Fig. 4). A bone marrow biopsy of the ilium was sub-
sequently performed, and the histological findings revealed

Chest computed tomography showed abnormal masses in the anterior mediastinum (A)

squarnous cell carcinoma with tumor cells positive for CD3
(Fig. 5). Morphine therapy was therefore initiated for pain,
followed by the administration of ADOC chemotherapy. Al-
though & partial response was achieved after four cyeles of
ADQOC chemotherapy and the dose of morphine was re-
duced, the patient died 10 months after the initial chemo-
therapy due to discase progression,

Discussion

We herein described two cases of thymic carcinoma in-
tially presenting with spinal cord compression and multiple
bone metastases, respectively. According to the classification
of Masaoka et al (9), both patients had advénced discase
with bone metastases (stage TVb). Neither patient had any
respiratory symptoms resulting from the primary thymic car-
cinoma and were diagnosed based on the findings of histo-
logical specimens oblained from the metastatic bone lesions.
Similar to that observed in the present cases, Liu et al. (8)
described a case of thymic carcinoma in which the patient
initially developed spinal metastasis and cord compression.
However, the onset of initial clinical manifestations related
to bone involvement is extremely rare in patients with thy-
mic carcinoma, Therelfore, clinical physi‘ci‘zms should  be
aware of the possibility of initial bone involvement in this
group.

Based on the database of the European Society of Tho-
racic Surgeons (ESTS). 47 of 229 thymic carcinomas
showed recurrence alter surgical intervention, among which
three patients developed bone metastasis (10). In addition,
Yano et al. (4) reported 30 cases of thyvmi¢ carcinoma at
various stages and identified one patient who developed
bone metastasis during the clinical course of the tumor.
Heance, bone metastasis is usually recognized parallel 1o dis-
ease recwrence alter surgery or progression during follow-
up and/or in the late stage of the disease.

However, little information is available regarding the
prevalence of bone metastasis at the time of diagnosis in pa-
tients with thymic carcinoma. especially those with ad-
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