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Linear no-threshold : FID) =a -D
Linear quadratic : FID) =a -D+ 5 -D2

Hormesis : FD) =« -[D— A1 ME2KL
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HugEY
~100 mGy B2 e

“The 2007 recommendations of the International Commission on Radiological Protection (ICRP)
take account of the latest hiological and physical information and consolidate the additional guid-
ance provided by ICRP since 1990. The changes to the scientific data are not substantial. ICRP has
retained its fundamental hypothesis for the induction of stochastic effects of linearity of dose and ef-

fect without threshold and a dose and dose-rate effectiveness factor (DDREF) of 2 to derive nominal

risk coefficients for low doses and low dose rates.”

ICRPEH 11 METHEo| BiY}

1954
1958
Uc 1965 1977 1990 2007
(23np | 1928 | 19341 1950 | (CRPY) | ycreg) | cRp26) | ICRPOO | (ICRP103)
(ICRPG)
g | - | AU | Ao AN | AU (NP garsie | aarsic
° M (O|2MET| oISMP (OI8MT| B | COvT | wevT
S ALXIC] | S ALXIO] | SAIXIC] | SAIXIC] | SALXIO]
21diol - - - 1/10 1/10 1/10 1/20 1/20
(5 mSv/y) |(5 mSv/y)| (5 mSv/y)|(1 mSv/y)| (1 mSv/y)
50 50
~500 | ~150 ~120 50 50 (mSv/y) | (mSv/y)
=\ | - |(MSVA)| (mSv/y) | (mSv/yl | (mSu/y) | (mSu/y) &100 | &100
S mSv/54 | mSv/54
0.2R/d| 0.3 R/w |3 rem/13w| 5 rem/y | 5 rem/y > >
20 mSv/y| 20 mSv/y
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- MTHULI NT(SE

- FARMB AL HH(SH

> A2 =X M HStSH, Ald 2HISH, HYMS S
USTTAHIZRMS S0 tiet Hi)
SlE 9 S ARt gtol
(BM) QEMZ | 20mSvUsE BF) | 1 mSvY (5H BF)

150 mSv(20 mSv)?
500 mSv
500 mSv

15 mSv(2 mSv)2
50 mSv

1] 0{= St 0 50 mSv £ X1tots o &

2120119 HA
3l1cm?H®zA

4) 59 BZ0l 1 mSvE X1IOIK| 811, E5T 3L =8

-

=]
[
1>
30
alo

MEH

oI (A S 2LXI(A
S M=
-MM 20 mSv < 20 mSv
-= FHMSIIME) | 150 mSv(20 mSv)| < 150 mSv(< 20 mSv])
1= 500 mSv < 500 mSv
& a3 500 mSv < 500 mSv
-AM A 1 mSv < 1 mSv
aidol M=
-MA 1 mSv <1 mSv
-= TS IIME) 15 mSv
-5 50 mSv
-2AIY HDIE HE < 0.3 mSv
-ATHHIIZE HE _ < 0.3 mSv
AR IS <~1 & < ~0.3 mSv
~SHE )| XS < 0.1 mSv




e 43 i3 /J1=(CRP)

- HAHARINIM =158t =F0M A : =821s vs. WIS
— HAJM IS

- 80K B2 AlR|(dE)= 81S : HOHAIZS(0]=, 2003)
XS XEAFAD(1/100), 2 ARALLL(1/1000), XH&HAL(1/5000), S=IAF1(1/80000)
2t CT &9 : 62,000,000(01=, An increasing source of radiation exposure,
NFIM 357, 2299(2007) 2l&EH & MFC=Z Qo A2 JIHE:1~3 %
(Risk of cancer for diagnostic X-rays : estimates for the UK and other 14
countries, Lancet 2004, 363, 345)

- WA ASOLU S5 HIDIN St MRNRIOINO B 2IB(10-42)
10HIE 82 & = £Z0| ol (MY, 1977, ICRP26 : NFVIE MM
QIot AAZAY) : 2Tl ARIAIIO] 2D

> UT MFS Yot HI(YANIO TP
) SISUAMNI|ZOE QUE|= XITE GATIH(ONO] UMY(| =2 +Z0|
(o] ]

ObMSH0| ULk OIHXI= Ef S 0F° ' & NAEEEO 2010k S
2) 2HAE N SUHAY <« JIHAHE

SRR

4) Ci==J121(Multi-attributable) 240HAIZHE : S HSIQ0I A8
I

0 H

—r

1°
MO
x
oIr

Q00 ArE<E(01=, 2003

Disease and Accidental A Death Risk During
nnual Deaths o
Causes of Deaths One's Lifetime
Heart disease 652,486 1/5
Cancer 553,888 1/7
Stroke 150,074 1/24
Hospital Infections 99,000 1/38
Flu 59,664 1/63
Car accidents 44,757 1/84
Suicide 31,484 1/119
Accidental poisoning 19,456 1/193
MRSA (resistant bacteria) 19,000 1/197
Falls 17,229 1/218
Drowning 3,306 1/1,134
Bike accident 762 1/4,919
Air/space accident 742 1/5,051
Excessive cold 620 1/6,045
Sun/heat exposure 273 1/13,729
Lightning 47 1/79,746
Train crash 24 1/156,169
Fireworks 11 1/340,733

Sources: All accidental death information from National Safety Council. Disease death information
from Centers for Disease Control and Prevention. Lifetime risk is calculated by dividing 2003
population (290,850,005]) by the number of deaths, divided by 77.6, the life expectancy of a person
born in 2003.(From Forida Musetum of Natural History, University of Florida )




Fishers and related fishing
wiorkers

Logging workers
Aircraft pilots and flsght

engineers
Refuse and recyclable
material collectors

Roafers

Structural iron and steed
workers

Farmers, ranchers, and

other agricultural managers
Drriver/sales workers and
truck drivers

Eblectrical power-ling installers

and repairers
Taxl drivers and chauffeurs

57.0

20.3

19.7

140

105 Fii ] 35 i
Fatal wark injury rate

{per 100,000 fidl-time equialent workers)

=Dt For 2341 ara grad imi nary.

Total fatal
work injuries = <,505

All-warker
fatal Injury rate = 3.5

400 600 800

Mumber of fatal work injuries

MCITE: Fatal mjury rites il morors order He age of 18 yeans, sorunbeers, amd resdent martany. Tre nombee of el sork e s gt hutal pu sl Tt g

setore the esciusom. For sodticnal information o the fetal woek Injury rate methodology changes plesse see Ripasweny, bl god Bl cehnoieelL e
SOLACE: U5 Buwasy of Lsbor Sansics, U5 Departres of Lebar, 2002

ICRP26(1977) ICRP60(1990) ICRP103(2007)
7E=II-I§I-I
Sior | | daolst MEst Tl | AMo|sH MESt IR QlAto|st MESH XIE
HB(RisKIINYE & HBI(Risk)JHY : =0 HE(RiskIIHYE :=0H
g oy (detriment), &YYS T, | (detriment), &TH/EH
SIS =8 BT} g :
El MA(HI A OHETH | (XIAKA S0l HIXIARA QtuH St= : S)}
— WIS |2 LS, KAL) A5 S | (AHFEEY TH orau
i Z¥(1/1000) &4 IS, HIXIAIS et XIALE 9 ARl
QEE gk HHI), QEX A% 2MIH )
oSHXIE(DS65Q1) | SIXHEDS86QI) : 2~3HH | HIEXHEIDS0291) : M3k
a3 o2t =8(91% 10% 013K
XA
-?-I%:Z;II’-F 1%/Sv 4.8%/SV (~5%/Sv) 4.1%/Sv (~4%/Sv)
[O |_]
?F._?_l&l
JJII?.-‘( é;z.l‘!] 1.8%/Sv 5.6%/Sv 4.2%/Sv




A= (201) =

EHAGAR : =20 W& > 13/1000

SUHAERR) : Hx Sl D52 BHEN2 HE > 13/10=13
ZMEUHHS(EAR) : HEZ ZHS 0| XH0l > 13/1000 - 10/1000 = 3/1000
ZMFSUHSFIS(ERR) : IS=2 BHEN HEZ TS K012 HIE

ERR = EAR/(LH =2 EYS) = (3/1000)/(10/1000) = 0.3
ERR =RR - 1 —1.3—1 =03

SHMEI (1 HH/AHIKI-IEAR or ERR per Sv or Gy :

EAR/Sv or EAR/Gy
ERR/Sv, or ERR/GyY
%E?—I h—lGHx’“l M=z :100021= 132
1
X2 :100021= 109 ——
I

Studies of the Mortality of Atomic Bomb Survivors, Report14, 1950~2003 -

An Overview of Cancer and Non Cancer Disease by K. 0zasa et al.

RADIATION RESEARCH 177, 229-243 (2012) , ERRIGy
Caseofdeath ERRIGY"(95%CI) Cases g5 9 (5 1 15 20 25 30

Allcauses  0.22(0.18,0.26) 50,620 Jr
All solid cancer ~ 0.47(0.38,0.56) 10,929 ‘|’
Cancers of Specific sites ‘
Esophagus ~ 051(0.11, 1.06) 339 — T T
Stomach  0.28 (0.14, 0.42) 3,125 I
Colon  0.54(0.23,0.93) 621 — =

Rectum  0.17 (-0.17,0.64) 427

Observed Person-Years and Number of Deaths in the LSS Cohort Members with Known DS02
Doses, as of January 1, 2004, by Age at Exposure
Age at exposure Number of Observed Number of
(years) subjects person-years deaths® Alive L
0-9 17,833 910,347 2,200 88Y%
10-19 17,563 848,826 4,887 2%
20-29 10,891 494,021 5,178 52%
30-39 12,270 462,694 10410 15%
4049 13,504 365,240 13,397 1%
50+ 14,550 213,079 14,548 0%
Total 86,611 3294210 50,620 42%
Bladder  1.12(0.33, 2.26) 183
Kidney parenchyma ~ 0.52 (-0.15, 1.75) 80
Renal pelvis and ureter ~ 2.62 (0.47,7.25) 33 >




S

el KA HIXIAL gg_?_i_g
ICRP103 EtAME 15.1 14.0 11 15.1 13.1 0.023
ICRP103 AtEtE 29.1 27.0 2.1 29.0 2.25 0.037
AlE BEIR VII 14.1 13.1 1 14.1 12.2 0.019
&1 Xl ICRP60 26.7 24.8 1.9 26.6 23.2 0.032
ICRP60 Al K| 31.6 30.0 1.6 31.5 243 0.033
ICRP103 M & 79.1 65.5 13.5 77 67.7 0.118
ICRP103 AILE 72 59.7 12.3 70.1 61.7 0.091
H BEIR VII 96.3 79.8 16.5 93.8 82.5 0.129
&1 Xl ICRP60 56.2 46.6 9.6 54.7 48.1 0.067
ICRP60 Al K| 122,2 110.0 12.2 121 100.8 0.139
ICRP103 EHA & 65.4 313 34.2 494 479 0.083
ICRP103 AILE 71.8 343 375 54.2 52.6 0.078
23 BEIR VII 74.5 35.6 389 56.2 54.5 0.085
&1 xj| ICRP60 2453 117.2 128.1 185.1 179.5 0.249
ICRP60 Al K| 154.5 85.0 69.5 123.3 102.7 0.142
ICRP103 g & 20.0 16 4 19.3 25.4 0.044
MAIA ICRP103 AlHE 20.0 16 4 19.3 254 0.038
=k BEIR VII 20.0 16 4 19.3 25.4 0.04
&1 xj| ICRP60 20.0 16 4 19.3 254 0.035
ICRP60 Al K| 100.0 100 0 100.0 133 0.183
ICRP103 &AM E 17154 414 1301 564.8 574.3 1
ICRP103 AtZHE 18314 503 1328 675.4 675.8 1
SHil BEIR VII 1801.2 474 1327 639.6 640.4 1
&1 x| ICRP60 1976.3 479 1497 709.2 719.9 1
ICRP60 AlA| 1835.8 600 1236 709.3 725.3 1
I

2l R 0 S AMEE HE A-HI=(%/Sv)

m= of QuY g i
S | IcRP103 | ICRP60 | ICRP103 | ICRPGO | ICRP103 | ICRPGO
Sl 0.9 6.0 0.2 1.3 0.7 1.3
g2l a1 48 0.1 0.8 4.2 0.6
TS 92 2ARE X1 : 5%/Sv
XEIISK
Wy SWy

NuZ4 B H, A, 99, XKD 0.12 0.72
UELEE-ELAETEETET)
AN 0.08 0.08
S N, 2L 24N 0.04 0.16

B, 4, 4, I% 0.01 0.04

H: AL SIS 29, 20, A%, MY, ADY, 38, 72,
A, HYM, AZ HIT, BN, IH2/X2EE




2 Z(ICRP60O]

1 ST M3 MANQE AL AN URE B

r

Death probabliity rate (1/year) MULTIPLICATIVE Death probabillity rate (1/year)
3000 . (b) MODEL (a) MULTIPLICATIVE
- EXPOSURE FROM AGE 18 600_| EXPOSURE FROM AGE 0 MODEL
x10 50 mSv/year - OVER LIFE-TIME
. TO AGE 65 x10 5 mSv/year
3
2000
400 N\
50 mSv/year 2
Annual risk 1:1000 /-\
1000 - - 200 5 n'.l_§.vasar
ADDITIVE MODEL / g - . , 4‘\
S o 7 -
0 e 0 :
0 50 age 100 years o O:ol:l o age 100 years
x=
=ININ 21 HIol
Al X4 - OlH}IO] AjELsT I. di I.A (=] L=y =1
[(~1 mSv/y]

- OIEOIK| g2 W= : S0 WRNSIY £34 NN 2
W2 ZJHIIE O1F : <03 mSvy), M, JH4J|, HED S

- 0150l &t

-253 0%

 BRIHANA HIQIMENE 32|, HYZE)
(HEQ! JHSEIEEHH HIM&/AHA DS

- FOL A0S BAMY T

- &M ZE a2 e : i Al S2 ol0fl ALK Mg IS
- = S AHSARMIE HIQ - ~ 3 mSv

- Olg MG, XI=) M2

- 3 F01 &E3(I=V12401 E)

- UAY T HO| Fat S H

> AL 8ETT2 1/20
—




NCRP2| IS ME HiTt Al

- NCRP statement No.10, Dec., 2004 (to NCRP116, Limitation of Exposure to lonizing Radiation, 1993)

1) MFTE Al
- HE 52 A2 M= 1 mSvfy
- Al =01 1 mSv/yE Z=1tE B 5 mSv/y JiX| 01E(Z 3%l SE8A)

2) T 0L

- E&J 2d0l= WS(MM : JH2, AKR]0fl STt 0124)

- A EUH SAEKEE 8= 81 S&EE A MZ 11 ~ 5 mSv/y

- UOH] B2 d2ACZ, BAIIAEE B2 JIXECF 2% I : 5(>50] mSv/y
(SALH =0l SARMHNUF & MF | EQ)

- 28X dM =ZAHIOIH M), =8 HAAMAIAH 1 <5 mSv (| TH)

3) MU

- Ol M@l =2 7 X8l olet =0l 0.25 mSv/yE X1t 221 1 1 mSv/y

— AAXHH JI= : "l 20IA] 2Bto10] M0 oot MZ(WHA, K1, SSHHA
SO WARMEA XHHIAH 1= > 1 mSv/y)

- AAM HOIAHMT] 1 < 0.25 mSv/y
S XAHscan) : 0.1 «Sv, HISM2Z 10 ~Sv

: =2!(from European Nuclear Society)

(mSv]
Tissue or Organ ZALAL | 4190l
Effective Dose 20 1
Organ Dose
Bone marrow (red), gonads, uterus 50

Adrenals, bladder, brain, breast, lens of the eve, small | 150 19
intestine, upper large intestine, kidney, liver, lung,
muscle, oesophagus, pancreas, spleen, stomach,

thymus
Bone surface, thyroid 300 -
Ankles, feet, forearms, hands, skin 500 50
HdM B=S0 OE H2t M= 5 [MSV)

Effective dose and dose for gonads, uterus, bone marrow (red) | 0.4

Dose for adrenals, bladder, brain, breast, small intestine, upper 09
large intestine, kidney, liver, lung, muscle, oesophagus,
pancreas, spleen, stomach, thymus, thyroid

Dose for bone surface, skin 1.8




S: DI2(FHIJIZ, WeB page of Health Physics Society]

Annual Radiation Dose Limits
(or Regulatory Level)

Radiation Worker : 50 mSv  [NRC, "occupationally" exposed)
General Public : 1 mSv (NRC, member of the public)

- (NRC, decommissioning and decontamination
General Public : 0.25 mSv all pathways)

General Public : 0.10 mSv (EPA, air pathway)
General Public : 0.04 mSv (EPA, drinking water pathway)

= HXIEAA HZE ME)|= (201914l 2014-348 HI16X)

[mSvl [mSv] [ms\n

Agency

Ald &A= 1 0.05 0.15
Al 0.03 - 0.1
aAxts - - 0.15
SX3AH (O=) - 0.25 - 0.75
AL XL 3H, 14C, SALIS A
L

(20129 ZAIZL : St=AXE A& HilM)

SEME (WIIELNN| HEg | d4MME |("IEN| HIS

JIZ(mSv/y) | (mSv/y) (%) | 2I=(mSv/y) | (mSv/y) (%]

ald| 4.18x103| 1.7 4.01x1038| 05

g 2.24x102| 8.9 2.27x102| 3.0
0.25 0.75

a9 1.61x102| 6.4 1.61x102| 2.2

= 1.57x102| 6.3 1.61x102| 2.2

NI1d0 HEFMO| A M0k 248 JHEol 2-Xoz I




239 EM0da) - &

- =X WA 0l WIMSNTS HH 9K > A [
IF0HE TNZE XTI AN

SEARMBIO] HAITIVIEE QOI0 oIt 521 52 V|0 E)
- MEAOIX| ¢ U0l METHT
SSIHO| O - YIAIM QA QoI HAE)
S S0l TS WARMAE V|0 29] 2AoIM HHE =M : Ol HADICIES A A
(>4x10-3) > HI2E220l1 Ml (ICRP26:1977), 0|0l A& S AH ST
MEBIE = IS AN ys. Alls MASAHN
> AHH 2 E(multiplicative model), 1 mSv/y, DDREF=2 AI2Y A2,
J191 M(attributable) 4 OH XIALE : 4x10-3(tIHZ 1)
> 1 mSy MBS = 2= A HIUHAC HAHUAM 2MHol= S ME
KHA S ARM I = (background radiation) {I8i(¢2t S MEO| HIE LIt Hln
> 1 37171 ZOtM HYSlEl= 20| OtL2H MZX} JH210] AB0| SE330HK]
%22 O0[(XIHALARME0 oot A2 212 - UNSCEAR H 11A{)

- B8 A= 1 574.3/10,0009Q! per Sv (5.7%/Sv)
-1 mSv/y H=0 gt 18 : 5.7 x 10-°
-1 mSv/y MOHIZ0ll 2lot |13 : (5.7 x 10-5)/y x 80y = 0.4% (4.56 X 1073
— A0l XIAAIMIIZME0] T A S
AHOHME - 2F 3 mSv/y x 80y = 240 mSv
AHOHSIE - 0.24 Sv X 5%/Sv = 1.2%

Xt 2 XIALE : 20%

CISETAL J|H WAINQE QQINT TILO| 0122
=10 mSv LEXI A8H+ |f& 2H : 2F 621/10,0002! (5.7%/Sv)
- Xt 2 KIALKL : 2,00021/10,0002! (20%)
- XiA 2XAL ST EED1%] JES Al : 85X 1 > <0.3% (6/2,000)
|
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Compartment Model
2. ICRP Model of Radio-iodine
3. MIRD Model of Radio-iodine

4. Non-linear Bio-Kinetic Model to describe
Thyroid blocking
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Radiation Dose Concepts

—————————————————————————————ETT————

 Internal Dosimetry in both the MIRD and the ICRP
methods is based on source-to-target
radiation transport

« ICRP model : Specific organs and tissues are
considered instead of compartments.

¢ MIRD method : Tie between compartments and
anatomical regions is made through the use of
/dentification coefficients (Berman 1977)
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Source— Target M odel
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source — Target Model concept
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HiZ =g

HI2 M
Anterior nasal passage

s asal part= 50 £ Extrathoracic
Pharynxyoral part &

=< Laryr

Il Tra?:ﬁ
=J|&2X Main b@

&2 Thoracic

PIEoy J12 Xl Bronchial
(m L"O"ﬁr%ﬁ@il\i%a& o=

H2I2 K < [ \Kj;& HI2I2X]
Bronchioles Bronchiolar
4 ‘ HE 2t&
ZYHIIZX ﬁ inter St
Terminal Bronchioles AIV%'%@&%?'UG‘]
H=2+HE

SEHAIIZAX
Respiratory bronchis

Alveolar duct + alveoli

5E| o2 E (ICRP66)
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H = . e 1
H|Z M Q|§ & (Extrathoracic) ‘ o ,
(Anterior nasa) ET, = | & (Environment)
. 0.001
- T
(Naso-oropharynx LNgr e ETeeq ET, =—p | 23}7]| (GI tract)
/larynx) 100
110
0.01 0.0
7| 2R
(Bronchi) I BBseq BB; BB,
0.01 0.0 T2
M7 | 2] HNw b, bb, bb,
CleliEele 0.0001 0.001 0.02
i [ i 0.00002 Al | AL | Al
(Alveolar interstitial)
= (Thoracic)

SE5710 Z Yo =2 RE A|Zto] L2 X} O] S LIEILH= AN .
S B0 SHHE H[E9| Tt = d? (ICRP, 1994a).
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== Ry |
(Deposition)
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MOo|El QK
27| e &AL Spt (Il;ar’lci;elszliﬂr
(Particles in | Transformed
initial state) tate)

state
S %t

M| (Body fluids)

SE71 toflMel Ajzof| mE Edi=f EHE+

£ LtEp7| 9|
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ZHAM D (ICRP 1994a).
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The ICRP model for the bio—kinetics of radioiodine

Ingestion Injection

dAi —(4, + A1) A

% = _(ﬂ’r + /152 + /132)A2 + /124A4 +/121A1

B+ ) At A

Ay | 1941

hes | 0.00578
B+ A+ I ) A+ A
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His20IL X (SEE)
————————— D

AN N

H; =) H(T « S) =k USEE(T « S)

 Specific Effective Energy, SEE (T<«-S)

SEE (TeS) = oy 2V E-AFT«9),-Q

Y: yield of radiations per transformation
E: average or unique energy of radiation

AF(T<S): average fraction of energy absorbed in T from S;
MIRD notation ¢ (T<-S)

Q: quality factor of radiation
— M: mass of the target organ

e — e A AN NEA

ICHREA IENTUTE CF RLICIEAR FAFETY

Effective and Committed Dose Equivalent
. e—

« The effective dose equivalent is a weighted-average dose equivalent with
target-organ weighting factors representative of the fraction of the total
stochastic risk resulting from irradiation of those organs

He :Z\NI'HT
T

« Committed dose; delivered in the course of time — ICRP method places
cutoff time, 50 years on the commitment period for workers, 70 years
for lifetime exposure of the general public
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The ICRP model for the bio-kinetics of radioiodine
————————

Ingestion Injection

il
=+ A

3. Thyroid

% = _(ﬂ”r +/152 + /132)A2 + /124A4 +/121A1

A | 0008664 (it

S
2= ) A AgA,

Ay | 1941

hes | 0.00578
| | B+ A+ Fe) A+ A
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The ICRP model for the bio-kinetics of radioiodine (3]
... ess—

Wi

Thyroig

Fraction of ingested ackivity
=
"

Iodine-131
ICAP-30 mode]

dasal

10-! i PEPETEPARTTI | PR Loy
1972 107 10’ 10 102

Time (days)

Figure 8.2  Activity of 131{ in the thyroid as a function of time after ingestion. Calculations are based
on the ICRP model.
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The ICRP model for the bio-kinetics of radioiodine (3]
... ess—

1.00E+00

1.00E-01
1.00E-02 = = Thyroid

1.00E-03

Urine
1.00E-04
1.00E-05
1.00E-06

1.00E-07 +

1.00E-08

Retention or daily excretion, Bq

1 10 100 1000 10000
Time after intake, d

- 3 R § a 5 " .
Fig. A.6.12. "*'I Ingestion: predicted values (Bq per Bq intake) following acute intake.
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The ICRP model for the bio—kinetics of radioiodine (3)
... e—

1.00E+00

1.00E-01

1.00E-02 = = Thyroid

1.00E-03 ——Urine
1.00E-04 [
1.00E-05
1.00E-06

1.00E-07

Retention or daily excretion, Bq

1.00E-08 :
1 10 100 1000 10000

Time after intake, d

Fig. A.6.13. "' Injection: predicted values (Bq per Bq intake) following acute intake.
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The MIRD-12 model for the bio-kinetics of radioiodine (1)

0.56 3. Triiodo- 0.002
thyronine
0.727 ;
Injection 2. Thyroidal
1 0.005 Iodine
Lo’l 4. Thyroxine G|
Gl 0.018
5. Urine 6. Feces
AWM= HEH AL

ICHREA IENTUTE CF RLICIEAR FAFETY

The MIRD-12 modﬂ for_thF, bi&;ktj etics of radioiodine

entification Coefficients
Compartment
Source Organ
1 2 3 4

Red blood cells 0.045 0.013
Salivary glands 0.05
Plasma 0.099 0.061 | 0.245
Stomach 0.15
GI system 0.17
Extracellular, extravascular 0423 0.826 | 0.336
Thyroid 1.0
Liver 0.063 0.100 | 0419

N R 22 U N Ay
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The MIRD-12 model for the bio—Kinetics of radioiodine (3)
... e——

e Differential equations describing the activities
in the four compartment :
B+ A+ s+ s
B+ g+ + )P+
B o+ 2 A
%—A%—(z bt Ae) At Ay

e — e ﬂ A AN NEA

WO RENTUTE OF RJCLEAR BAFETY

The MIRD-12 model for the bio—Kinetics of radioiodine (4)
... e

« Source organ transformation in Thyroid and
liver; from identification coefficients

Ut :Uz
U, =0.063U,+0.1U,+0.419U,

——— N R Ao A E

I WO A FNTUTE OF RUCLEAA




The MIRD-12 model for the bio—kinetics of radioiodine (5)
... e

10*

Thyroi
iu_t yraid

weL

Fraction of injected activity

4 Extrathyroidal Lodide
[ Iogine-13i
[ MIAD-12 model

0 2 4 b ] 10
Time (days) -

Figure 8.4  Activity of 1311 in the thyroid as a function of time after injection. Calculations are based
on the MIRD-12 {Berman 1977} model.

ERa=d Hﬂﬁ’l?ﬂg

KIS, FOREA RENTUTE OF

A nonlinear bio—-kinetic model (Koizmi et al. 1986) (1]

| 2.Is Ab 5. Is Iodine.

Injection

A 4

3. Ab processor 4. Iv lodide

i 7. Iv complex 8. Complex processor

9. Urine Ab 10. Urine complex 11. Urine Iodide

A

= Ab: antibody, = Ag: antigen, = Iv: intravascuilar,
= |S: Interstitial, = complex: Ab bound to Ag

R 22 U N Ay
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A nonlinear bio—-kinetic model (Koizmi et al. 1986) (2)
—/—

« Patient-specific model for the behavior of a certain 123I-labeled
monoclonal antibody used in radiation therapy against B-cell
lymphoma.

« Antibodies (Ab) are introduced intravascularly (Iv) and act
against tumor antigens (Ag)

« Ab-Ag complexes may be released intravascularly and the
iodine processed to the iodide form

« Ab-iodine and iodide equilibrate rapidly between the
intravascular and interstitial (Is) spaces

« The Thyroid is “blocked”, that is, that the thyroid has been
saturated with iodine prior to administration of the antibodies

« The nonlinearity arises as a result of ligand-receptor equilibria
in an Ab processor thought to be liver

e — e ERa=d I}ﬂ'ﬂ{ll‘l&!

KIS, WOREA RENTUTE OF BUCLEAR

A nonlinear bio—kinetic model (Koizmi et al. 1986) (3)
—/—

« Only a certain patient-specific number of receptor sites is
available

« F is the ratio of the moles of antibody injected to the moles of
available receptors

d_Ai = (A + Au + A + A ) A = Ay (A= FA) A + A, Ay + Ais A

dA3 (A, + A+ Ag) A + A (- FAYA

« Fis increased, the fraction of the injected radioiodine bound
to tumor cells increases

— R 22 U N Ay
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A nonlinear bio—-kinetic model (Koizmi et al. 1986) (4)
J

10°

Iadine-123 injection

-
=
-

-
=
~

Fraction of injecteo activity

Intravascular
antibadies

ol

0.0 040 080 1.2 1.6 2.0
Time [days)

Figure 8.6  Activity of 1#?| labeled antibodies in the intravascuiar compartment as a function of time

after injection. Calculations are based on the nonlinear bio-kinetics model of Koizumi et al. (1986). F

is the ratio of the moles of antibodies injected to the moles of receptor in the (liver) antibody processor.
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Radiation-Induced Cancers

NN NN NN N NN EEEREEEEE

Dose responses
for cancer
and non cancer

Non-canc
(Vascular, cq
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RADIOPATHOLOGY

ACCIDENTAL EXPOSURES
High Doses

"4

er Effects
gnitive, lens opacity,..)

SN NSNS NSNS ENEEEEENEE N

100 mSv 500 mSv

2500 mSv

DOSE

excess relative risk
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1.1(0.79-1.43)

(95%Cl)

1.2(0.77-1.74)
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HAX AKX (1986-1987, |I™ + 30Km ++4)

>555 kBg/m* *
>37.5 kBg/m’
HEtF L, 3E0|LE 2 AIOFS] 2 EX[H

o
gEMY
(mSv)*
240,000 10
116,000

270,000
5,000,000
66,500,000
570,000,000
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1,000,000 0.15 0.038 0.053
1,680,000 0.61 0.15 0.22
55,000,000 0.013
500,000 0.38

150,000,000
1,457,500
g 7h QE Ect F 4,000,000

RAX 0| 20} 24

Thyroid and Parathyroid Glands

Cases per 100, 000




CRUDE ANMUAL INCIDEMCE RATE
(per million)

Exposed atless than 10 years
CALENDAR PERIOD

1991-1995 1996-2000 2001-2005

Born after 1986

Age at diagnosis
(years)

. 0-10 Females
[ o-10Males
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g effective dose (mSv)
o Firstyear. Adults

AMAGATA

@ Restricted Area (within 20 km from FDNPP)
() Deliberate Evacuation Area (>20 mSwvly)

() Evacuation-Prepared Area in case of Emergency (within
30 km from FDNP and 20 mSvly)

KANAGAWA I

Y-

UNSCEAR 2013

District-average

N 3543
N 1535
I 05-1.5
[ <05

I:l Areas not

assessed at
district level

;l Areas assessed

separately

A
N

———————
0 20 40 60 BOkm)

0.2-4.3

03-5.9

0-33 03-7.5
AN MY (Gy)
0-23 0.8-16
0-37 1.5-29

2O} 1A 0-46 3-49

1.1-5.7
1.3-7.3
1.6-9.3




B Ingestion

M Inhalation, plume
B External, deposition
" External, plume

EFFECTIVE DOSE (mSv)

Infant Infant

First year First 10 years To age 80 years
after accident after accident

Fukushima Radiation and Health

Radfiaticon Medical Sclence Center for the Fukushima Health Management Survey,
0 Fukushima Medical University

n} AA} (Thyroid Ultrasound Examination)
FA| 0-18M| Q1 2F 360,000 0| =0l

M
ojo

on

oN
oY
rA

(Comprehensive Health Check)
Ho| X|Z# 2t OfL| 2t At 2hA &
Al XA} (Mental Health and Lifestyle Survey)
|2 ZOf, SCHO|LE 2B ARt 22 FHMUAY &
oA HEc Xz H&s
Al (Pregnancy and Birth Survey)
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Fukushlma Health Management Survey (2011-2020, 2021-continue) |

2011 [ 2012 | 2013 | 2014 (15[ 16 17 [*18 ['19 | 2020- |
» Detalled survey ======% |
Thyroid
Ltrasound
Exarminatiaon

Comprehsans
sive Health
Chack

hdmntal Healih
ard Lifeskie

Survey Under consideration for the
Pregnancy | continuation of the surveys

and Birth e —— e ————— i
Surdey

; Basic surve
1
1

ol 367,707l F0I
AN HFSt= 270 =
baseline survey (PBLS): 2014E 2t
I3 2 XRAL 20164 220X
tXl= Of 20t O 0|2 0fl= SHDICE Z=A}

s =3
[

“*Preliminary Baseline Survey (PBLS)
(D Oct 2011 — Mar 2012
(@ Apr 2012 — Mar 2013 |
<@ Apr 2013 — Mar 2014

“*Full-scale survey
<@ Apr 2014 — Mar 2015
(@ Apr 2015 — Mar 2016




6) PBLSO]| &0

Judgment Interpretation
A Within normal limits

(A1) No nodule* or cyst s il

Nodule* £5.0mm Next primary
and/or cyst £20.0mm examination

cyst 220.1mm ‘examination

PBLS suspicious or malignant cases

D14/ 41,813 =0.033%
@ 54 /139,209 = 0.039%
®) 35/115,004 = 0.030%
104 /296,026 = 0.035% 36 (M)/68 (F)

onal Cooperation

S ArESHO] CHE X[t H| W
2 Hayashida N, Imaizumi M, Shimura H,
AZ, Okubo N, Asani ¥, etal, {2013)
2468, Thyroid Ultrasound Findings in
57% it | Children from Thres Japanese

: i ETLET Prefectures: Aomori, Yamanashi
e i and Nagasaki.

Al, PLoS OME 8(12): e83220. doi:

1853, N 10.137 1fjournal pone. 0083220
42% .

Nagasaki, Yamanashi, Aomori

Fukushima Medical University's Office of In

OFOtLIA|, Of 2 2])°] HA




Mean:490mSv

Chernobyl

1576 cases

3/24-30Nal direct measurement

Fukushima 1080 cases

26 Maximum 35mSv but almost all less thanlmSv

0-15 16-199 200- 400- 600- S00- 1000- 1250- 1500- 2000- 3000+
399 599 799 999 1249 1499 1999 2999

Thyroid Effective Dose (mSv)

NE|X| S

0| S =Xl =




http://nuclear-energy.net/nuclear-accidents/three-mile-island.html

504 o|Lf =TI 32,135H0j Cljet =X A (Talbott et. al, 2003)

- =5l 7|3k 0|2 DX it
- =A7|7t: 1979~1998

UH Bol(all lymphatic and hematopoietic tissue, breast cancer)
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(H LY 2X5H gEjof ME U Bl 20094 gt Wy 24 FA)

) . Y A
ZX 2 i Histological group casee %

1, &= (Carcinoma) 31,774 | 99,4
1,1 M40 Follicular carcinoma) 494 15
12 S548{Papillary carcinoma) 30 419 951
1.3 S=Z&Motadullary carcingma) 152 . 0.8
1.4 H@d @ (Anaplastic carcinomal 63 0.2
1.5 }'-ll';! BAIE 2(Other specitied carcinoma) 618 1.9
168 44|12 BY(Unspecitied carcinoma) 28| 01
2, &%&(Sarcoma) 1 0.0
3, 7|E HA|E etM AMZ(0ther specified malignant neoplasm) 1 0.0
4, AN So2de| otd AMAZ(Unspecified malignant neoplasm)* 201 . 0.6
Z A 31,977 100.0

*14718] DCO EERDeath Cerfificate Only, D00 F38 C.; EE S = AOFERICHEO) LD 2og 805 HE)
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Tumor
secretes VEGF

Blood vessal

VEGF increases
blood vessel
expression and
movement to tumor

Tumor has increased
blood supphy

Healthy tissue

Vessel maturation
via pericyte coverage

Homogenous BM

High
oxygen

Low
oxygen

Tumour

[ \

Abnormal
vessels 4
Angiogenic
factors 4
= Leaky

= Heterogeneous

* Tortuous, serpentine

# Irreqular branching

* Abnarmal shunts

= Heterogeneous flow

* Poor drug delivery

TTrees_® Less sensitive to chemoradiaton

Immature vessel pericyte Tumour cell intravasation
detachment through leaky vessel
-
> e
1

T amG =20 s

- -
b l/?’.; o h M L= activated ECs

Abnormal vessel obstruct flow

42 s xT
5 Leaks: _.':v'-.

Heterogeneous
BM

EGFR
inhibitors

Aerobic glycolysis
inhibitors

Pro-apoptotic
BH3 mimetics

Deregulating

Resisting
cell
death

instability &

PARP
inhibitors

Sustaining
proliferative
signaling

cellular

Genome

mutation

Inducing
angiogenesis

1

Evading
growth
SUpPPressors

<
‘,ﬂ.\:

Activating
invasion &
metastasis

a

Cyclin-dependent
kinase inhibitors

Immune activating
anti-CTLA4 MAb

Avoiding

Enabling
replicative
immortality

Telomerase
Inhibitors

Tumor-
promoting
inflammation

w

Selective anti-
inflammatory drugs

Inhibitors of
VEGF signaling

Inhibitors of

HGF/c-Met




RAS Hi0]

PISKAKT MAPK
i e RET/PTC ® 0|
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BRAF #0]

Proliferation, Differentiation;

Survival Nuclear Membrane
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RET/PTC ®0I

Clinical
manifestation

Aneuploidy
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SAKY > 2S4S BEIR VI 2 11M

TABLE 12D-1 Lifetime Auributable Risk of Cancer Incidence?

Age at Exposure (years)

Cancer Site 0 5 10 15 20 30 40 50 6l 70 80

Males
Stomach 76 65 55 46 40 28 27 25 20 14 7
Colon 336 285 241 204 173 125 122 113 o4 65 30
Liver 61 50 43 36 30 20} 21 19 14 8 3
Lung il4 261 216 180 149 105 104 101 89 635 34
Prostate 93 &0 67 57 48 35 35 33 26 14 5
Bladder 209 177 150 127 108 79 79 76 6h 47 23

Ll Fd- L i 204 X R ¥ Ll 135 Llil Fatel ¥4 23
I Thyroid 115 76 50 33 21 9 3 1 0.3 0.1 0.0

SO s o0 | e ST ™ T T T T ™
Leukemia 237 149 120 105 96 84 84 84 82 73 48
All cancers 2563 1816 1445 1182 977 686 648 591 489 33 174

Females
Stomach 101 85 n 6l 52 36 35 i2 27 19 11
Colon 220 187 158 134 114 82 79 3 62 45 23
Liver 28 23 20 16 14 10 10 9 T 5 2
Lung 733 GO8 e —_— - —— — — 201 147 77
Breast 1171 914 3 12 4
Uterus 50 ) U 1 Gy 9 1 /1 00 000 9 5 2
Ovary 104 87 . H 18 11 5
Bladder 212 18} o4 47 24
Other 1339 719 523 400 323 207 181 148 109 68 30
Thyroid 634 419 275 178 113 41 14 4 | 0.3 0.0
All solid 4592 3265 2525 1988 1575 1002 824 678 529 358 177
Leukemia 185 112 86 76 7l 63 62 62 57 3l a7
All cancers 4777 3377 2611 2064 1646 1065 BRG 740 586 4049 214

NOTE: Number of cases per 100,000 persons exposed to a single dose of 0.1 Gy.

Thiese estimates are obtained as combined estimates based on relative and absolute risk transport and have been adjusted by a DDREF of 1.5, except for

leukemia, which is based on a linear-quadratic model.




g R8XIHO0| - RET/PTC

o A= AX Ol=0IM &A (Nagasaki et al., 1994)
e Marshall & HF=4" (Cronkite et al., 1995)
o M= AXAIL (Williams, 2002; Nikiforov, 2006)

o S=AS HHALMZXAL (Duffy and Fitzgerald, 1950; Winship and Rosvoll,
1970]

RET

RET/PTC
D10s170

(CCD6/H A )

CoaHA IR | 1 v

FIGURE 2 | Schematic representation of RET/PTC1 rearrangement: a
centromeric inversion of chromosome 10 (A) generates a chimeric
gene through the fusion of the RET tyrosine-kinase domain with the
5'terminal region of a new gene denominated CCD®6, formerly

called H4 (B).
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3

RET/PTC |REXIH0| =

\J
RETIPTCH

CCDCS (H4D10S170) T

\J
[ T 1] RET/PTC2
PRKARIA TK
\J
RET/PTC3
NeoAd (RFG/ELE1) TK
\J
RET/PTC4
NeaAd (RFG/ELET) TK
\J
[ [T 1T RET/PTCS
GOLGAS (RFGS) TK
\J
RET/PTCS
TRIM24 (HTIF1) TK
\J
[ = RET/PTC7
TRIM33 (Ectodermin/RFGT/HTI) TK
\J

RET/PTC8

KTN1 (kinectin)

TK

RABB1PZ [ELKS)

TK

MBD1 (PCM-1)

TK

\J

RFP (TRIM 27} TK

ELKS/RET

3

RET/PTC AMM ys. X1

Reference

*Atomic bomb survivors
* Long fatency penod.
“Shart latency period.

Post-Chemnobyl n (%)

nd

16/22 (72)
11/50 22)*
nd

nd

10013 (77)
932 (2817
117 {68)
nd

nd

19/25 (76)
nd

nd

nd

nd

37/67 (58]
25/81 (49}
nd

nd

nd

nd

33/38 (87
9115 (G0)
416 (66}
nd

nd

**Data obtained on cytological samples,

98

Spontaneous n (%)

36%

nd

nd

2534 (73)
26/75134)
nd

/21 (43}
18/25 (72)
13/48 (27)
11/47 (23)
13/69 (19)
12/50 (24)
15/33 (45}
44/62{71)
nd

nd

8199 (8)
81/201 {40)
17/40{43)
51/86 (59)
12117 (700
nd

nd

1440 (2.5)
1/11 49)

=
S




, RET/PIC3 - 721

o NS KA Al RET/PTC3 > RET/PTC1
o ASI|JI B2 B0 (Williams, 2008)

o O{ZI010I A RET/PTCII SARMZEAL 0150l 3101 O &S (Nikiforov
et al, 1997; Elisei et al., 2001)

e Post-chernobyl thyroid cancer (Unger et al., 2006)
o AIZt0l Zuret0il met RET/PTC (+) ZatM et 2
e RET/PTC (+) 3 > RET/PTC1 371} vs. RET/PTC3 &4
o Jia: “ESIII Z0ETE LAIMO oIt S0 HO= HOICE
o FSII0 Wt =Xt HEHI S C= ¥l (Williams, 2008)

>

Why RET/PTC3

o RET Oncogene 2AMMO| 212 (Volpato et al., 2008)

(®)

o JZOHE WHOUIM & ST AXIIL 20 A0 HE BARMBZ0] 2
OHMS DNA 015 £801 242 fMIH 28 Jistt #AX
(Nikiforova et al., 2000; Gandhi et al., 2006, 2010a).

o ,f.h:\f:_[':.‘ g
Kx xx ﬂx xx XX .‘:"1 ,—;‘.:’;:D ;\ ..\\\.?'.'\‘
e .--’-:_‘ & -”f""" \J
u B x| o AECS
7 g 9 }0 11 12 \}i: };} J..'g_;i‘l.- !c' )
VY i oyx [T ¥r S
‘1‘3 1 1; e LA ;‘i\t’sw{\‘l‘[
rx xx .ll. ia K':'Lxxl h‘\'\.__‘ ; \ _“'-:H“‘::
1920 ?Hﬂl(xwz)f 1 i S SR
H‘If-l 043':}-4
e &=

(B) 2D image of three-color FISH showing positioning of ££7 (green), ACOA4 (orange), and #4/CCOC6 (red) in interphase nuclei of
thyroid cells. The panel depicts a nucleus showing two sets of ££7; NCOA4, and H4/CCOCE with one pair of AET and H4/CCOCE
positioned close to each other.




RET/PTC3 =& SAIM 0]212] H2

e Putative carcinogens such as caffein, ethanol, hypoxia (Gandhi et
al., 2010a,b)

o HAIM > MIE W H,0, 244 > DNA OIS I &4 > RET/PTC1 24
(Ameziane-El-Hassani et al., 2010)

e Superoxidase anions &= H,0, #Ma)1s%t OIS S & T RET/PTC
AHM j}'—6l° MA}

OH 1™

Indirect Action

St

Direct Action

o QTN QO
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o 40|l-22E

o WY QOT MF > QE B =)}
o i ROC ZW A7 YAMIITSZZ(TSH) X2 GRS 2

o x 2ol Q2L MAYFH > FFA» XY

TaBLE 2. RaTiO oF PapiLLARY (PAP) To FoLLicuLAR (FOLL) DIFFERENTIATED
THYROID CANCER IN ISA AND AusTRIA, DEVELOPING FROM IDA TO ISA

Country Period ISA/IDA 9% PAP % FOLL PAP:FOLL
Iceland 1955-1984 ISA 85 15 5.6:1
Japan 19771986 ISA 82 18 4.5:1
USA 1973-1983 ISA 80 20 4.0:1
Norway 19701985 ISA 77 23 33:1
Sweden 19601977 ISA 76 24 3.2:1
Austria 1990-1995 ISA 80 20 4.0:1
Austria* 1970-1975 IDA 54 46 1.1:1
Austria** 1952-1959 IDA 17 83 0.2:1

ISA, iodine sufficient area; IDA, iodine deficient area; Austria, 20 mg Ki/kg salt (18); Austria*, 10 mg Kl/kg salt (27); Austria**, without iodine
salt prophylaxis (37).

THYROID
Volume 8, Number 12, 1998
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International patterns and trends in thyroid

cancer incidence 1973-2002
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Fig. 3 Trends in age-standardized thyroid cancer rates for males by continent and arca for the time periods 1973-2002
-
10| —
e
gl
- P
g .__.- ‘g__.
H -
=
= = 1 1+
'5_‘ ] 1
= ] 1 1
= i —m— Franca T
£ —®— Denmark —e— Switzerland —=— SEER White I
L2 ——— Norway —a— ptaly —e— SEER Black o aapan
—— Swaden England —&— Canada, BC —&— Hong Kong
—w— Finland = Spain —— a, Cali |——— Singaporo
0.1 1 : o : ' 1 o i —— o4 T i - o.1 T : T
1960 1O 19680 1990 2000 1980 1900 2000 19680 1990 2000 1980 1990 2000
Year Year Year Year Year
Fig. 4 Trends in age-standardized thyroid cancer rates for females by continent and area for the time periods 1973-2002

107




Screening for Thyroid Cancer

Since South Korea adopted widespread cancer
screening in 1999, thyvroid cancer has become
the most diagnosed cancer in the country. But if
this early detection were saving lives, the
already-low death rate from thyroid cancer
should hawve fallen. not remained steady.
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Increasing Incidence of Thyroid Cancer in the United States,
1973-2002

All Thyroid Cancer Papillary Thyroid Cancer
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Louise Davies, MD, MS; H. Gilbert Welch,
MD, MPH

JAMA. 2006;295(18):2164-2167.
doi:10.1001/jama.295.18.2164.
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Increasing incidence of differentiated thyroid cancer in t
he United States, 1988-2005
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Thyroid Cancer Epidemiology Worldwide

Scale factor x 2,5 Females Males

rate por 100,000

rate per 100,000
"

1950 00 1980 1350 2000
year year

Age standardized incidence ratios 1980 - 2002

IARC Cancer in Five Continents 2010

Thyroid cancer incidence and socioeconomic indicators of health care access
Brian L. Sprague , Shaneda , Warren Andersen / Amy Trentham-Dietz

a 14
12
S 10
c...
S =
=
2 6
=
= 4
2
0 4
1980 1982 1984 1986 1988 1990 1992 1994 1996 1993 2000 2002 2004
Year
b .
14__—-—<40yrs _____________________________
— —— — 4D-59 yrs et
§ 12—7'*'A~*60+yrs gii77777777777777777:{“;7—:7."*‘77
=3 - -
=
5
=
a
=
[+
o

1980 1282 1984 18986 1988 19290 1992 1994 18996 1998 2000 2002 2004

Year

113




180
160
140
120

A 100
0

ol
60

40
20

5 -
9|

20- 25- 30- 35- 40-
24M 29M 34Ml 39M  44A|

o

—

=0—2007 =@=2008 ==0=2009

(2007~2011)

45- 50- 55- 60- 65- 70- 75-
49M 54Ml S9MI 64M 69M|  T4AM  T79A|

=5
o

—0—2010 =—e=2011

85+

a zo

Incldence ratzfoer 100.000)

Incidznce mte(per 100000)

A Birth Cohort Analysis of the Incidence of Papillary
Thyroid Cancer in the United States, 1973-2004

Af- a0~ a5~ EO- B

114

- (= Fio- 76 B

¥

FIG. 1. (a) Papillary thyroid cancer incidenoe rates for the US, women by age (b)) Papillary thyroid cancer incidenoe rates
for the LIS, men by age. Solid lines, cross-sectional age curve: broken lines, birth cohort age curve,




EH ZF (o)
AHE e dZ= (2011)
35 -
30 -
25 -
i 20
pdl
o 15 - e
10 - ® O{ X}
5 4
0 4
10-19 20-29 30-39 40-49 50-59 60-69 70+
A (10M| EHR)
300
HFAZ (2011)
200
ﬂm 150 mEEo
<
-]I]TU 100
. -
10- 194 20 - 294 30 - 39A| 40 - 49N 50 - 59| 60 - 69A| 70+
HAZH(10M] EH)
HEH ZFAFA{OF HEA ( )
X|—|E Ho . L -—_Oo 2 2011
100
90
80
70
i 60
Z0 s0
all 40
30
20
10
0
oI- I o 24 7| ZdE FHEZ sHE M PHE Zesr Z48e HFE
X

115




Korea's Thyroid-Cancer “Epidemic” — Screening

and Overdiagnhosis

Regional Incidence of Thyroid
Cancer (per 100,000 population)
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Ahn HS et al. N Engl J Med 2014;371:1765-1767.
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Figure VIII. Thyroid cancer incidence rate in Belarus for children under 10 years old at diagnosis
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Figure B-l. Spatial distribution of the estimated thyroid doses to children and adolescents living at the time of the accident in
the most affected regions of Belarus, the Russian Federation and Ukraine [K8, L4, R6, Z4]
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Solid Cancer Incidence in Atomic Bomb Survivors: 1958-1998

Author(s): D. L. Preston, E. Ron. S. Tokuoka, S. Funamoto, N. Nishi, M. Soda, K. Mabuchi, and K.
Kodama
Source: Radiation Research, 168(1):1-64. 2007.
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Factor or class of factors % of all cancer deaths

Tobacco 30
Alcohol 3
Diet 35
Food additives <1
Reproductive and sexual behaviour 7
Occupation
Pollution 2
Industrial products <1
Medicines and medical procedures
Geophysical factors
(Ionizing radiations, UV)
Infection 107
Unknown ?
Doll R, Peto R. JNCI 1981
Ote QU 4 Qs YAMO BR

Agent or substance Cancer site/cancer

IARC Group 1: Carcinogenic to humans

X-rays and gamma-radiation

Solar radiation

Radon-222 and its decay products

Radium-224, -226, -228 and their decay products

Thorium-232 and its decay products

Radioiodines (including iodine-131)

Plutonium-239 and its decay products (aerosols)
Phosphorus-32

Neutrons

Alpha (o) particle-emitting radionuclides

Beta (B) particle-emitting radionuclides

IARC Group 2A: Probably carcinogenic to humans
Sunlamps and sun beds, use of

Ultraviolet radiation

Various — all sites
Skin
Lung
Bone

Liver, including
haemangiosarcoma; leukaemia

Thyroid

Lung, liver, bone
Leukaemia
Various

Various

Various

Skin
Skin
World Cancer Report 2003
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Da, 0l Al MAE/= DNA X B3} 4

Number of Lesions

Agent Ds7 DNA Lesion per Cell per D3
X-rays 100 rad SSB 1,000
DSB 40
Bleomycin 55ug>xX1h SSB 150
DSB 30
Ultraviolet light 10 J/m? TT dimer 1,000,000
SSB 100
Benzopyrene _ Adduct 100,000
TABLE 1-22

Dustribution and Relative Risk of Acute or Nonlymphocytic Leukemia
According to Querall Treatment Category

NO. OF NO. OF
TREATMENT PATIENTS CONTROLS RELATIVE RISK* P VALUE
Radiation therapy only 11 158 1.0 —
Chemotherapy only 30 48 9.0 (4.1-20) <0.001
Radiation therapy and 108 203 7.7 (3.9-15) <0.001
chemotherapy
Total 149 41 1t — —_—

* Values in parentheses are 95% confidence intervals.
T Two controls were reported to have been treated with neither radiation therapy nor chemotherapy.
(Kaldor JM, Day NE, Clarke EA, et al: N Engl ] Med 322:7-13, 1990)
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ST = JAN0F 22/ = AL,
2te| e = U0 HEE = UL
~IIH S4HA

Standard Mortality Ratios for All Causes of
Death in British Radiologists, 1897-1997

Standard Mortality Ratio

1897-1920 1.75
1921-1935 1.24
1936-1954 1.12
1955-1979 0.71
All post 1920 1.04

Doll R, Wakeford R. Br J Radiol 1997,70:130-139


















