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Thyroid Cancer Detection by Ultrasound Among
Residents Ages 18 Years and Younger in Fukushima,
Japan: 2011 to 2014

Toshihide Tsuda,® Akiko Tokinobu® Eiji Yamamoto,® and Etsuji Suzuki®

Epidemiology, 27(3): 316-322, 2016.
[https://www.ncbi.nlm.nih.gov/pmc/articles/PM
C4820668/]

TABLE 2. Prevalence, Prevalence Odds Ratios (POR), and Incidence Rate Ratios {IRR} in Each District up to December 31, 2014

Backpround: Afier the Great East Japan Earthguake and Tsunami
in March 2011, radicactive elements were released from the Fuku-
shima Darichi Muclear Power Plant. Based on prior knowledge, con-
cern emerged about whether an increased incidence of thyroid cancer
among exposed residents would occur as a result.

Methods: Afler the release. Fukushima Prefecture perforrmed ultra-
spund thyroid screeming on all residents ages <18 years. The first
round of screening included 298,577 examinees, and a second round
began in April 2014. We anabyzed the prefecture resulis from the first
and second round up to December 31, 2014, in comparison with the
Japanese annual incidence and the incikdence within a reference ares
in Fukushima Prefecture.

Results: The highest incidence rate ratie, using a latency period of
4 years, was observed in the central middle district of the prefec-
ture compared with the Japanese annual incidence (incidence rate
ratio = 50; 95% confidence interval [CI] = 25, 90). The prevalence
of thyroid cancer was 605 per million examinees (%5% CI = 302,
1,082} and the prevalence odds ratio compared with the reference
district in Fukushima Prefecture was 2.6 (95% C1 = 0.99, 7.0). In
the second screening round, even under the assumpiion that the rest
of examinees were disease free, an incidence rate ratio of 12 has
already been observed (93% Cl =31, 23

A AT

Imternal Comparison  External Comparison

Frevalence of Thyroid Cancer
Arens and Districts (1) fo (%) Cases per 10° (%5% C1) MR (95% CT) IRR (#5% C1)
Nearest area (1) (2011 fiscal year) 150 (301, 552) 1.5 (63, 4.0) 3017, 4%)
Middle area (2012 fiscal year) 402 (304, 517) 1.7 (081, 4.1) 33 (25, 43)
Marth middle district () 17123, 414) 1.0 (040, 2.T) 2010, 35)
Central middle districe (3) 603 (M2, 1,082 i (099, 7.0) 5023, 90
Koriyama City district (4) 462 (799, 683) 20 (18T, 49 3925, 5T)
South middle district () 486 (210, 95T) L1 {07, 6.0 4017, 30)
Least contaminated area (2013 fiscal vear) 132 (136, 454) 28 (20, 38)
Iwalki City district (&) 451 (282, 682) 1.9 (084, 4.8) 38 {24, 5T)
Soutbeastern least contyminated distrct | 7) 13 (95, 4B6) 1 {referenice) 20(7.0, 41)
Weslern least contaminated district () 305 (146, 561) 1.3 {040, 3.6) 15{12,47)
Martheastern least contaminated districd (%) {0, 595) .00 0.0, 2.6) 000 (0.0, 50

"Thee |RRs were basad om disgnosis by cytology. When hased on bistologically confirmed cases that wen operaied on, the [RRs fior exterml comparisons using a latent dumtion of
4 yers were 28 (05% (1= 15, 47) in the nearest area {encluding one l:-erL'F,n case), 30 {05% C1 = 22, 19} i the middle are, and 16 (95% CI = 10, 24) im the leest contaminated area
plete.

fior which the secondary examination of cytology positive cases 15 incom
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- BIFEE: ERAKIET EREAREEEAIL
TRONEL LIS RRERSEEMA L
%ML, JOv N CLEEEERES
e SHRDINHT SR —(275 &
SEETHL, REFEED—HAT Oy IRIEBE
LTRETES,
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Cambridge DF1&, SILITA—FEAESITIILIFLIZHYTIZA
*LT'O)b\ AR Y v . 73/7! ANF=Oh%, BRATHNIZR T
SNBISILITA—HBIEEN I HRENS T

o RKIUMNESMBT=-BEEN KRGS
EEELTAHANIE? ELvo-DAHA R.A. Fisher

ELLEEIZLTHES =DM EFHLET I, COXEITIINLITA—%
BRATELDTEHTEIETHNIE, REBIZTSILITA—HIRIREALH
LD MHMNE

EIVVDIRBFTREIEL THNIE, FoNMHERNLZOXIEIZIL
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\
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RIFDIILDTAHLED
e 1HTIL, REOWMNESTHEER S0 % TH=S
e 2 TH, HEER 25 % TEARUT=S
e 3MTH, HEXE 125 % TEARLAT-S
e AMTY, IEXE6.25 B TIEARHUT-5
o SHfRITTIEARLY=-SHEZE(T1/2 D5FET3.125%

+ THABVMEVRERLD, BARTRAVEHHLTELLDTIE?
EWLVSEIRT, SR ZFEKELL, FEERNENREED
IR EE AN EN NGRIREGREET S

+ CO5E, RIESHIIHITBENSHD (BEICIE, TANTHILY
%%%’, 2;)»’775%5'5, ARMNEDELLICT O DIEBELERET D
\
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BT IS AXDEEETIRE]

» BRRHEBOEELGIVRRAUSGHEAER) LIREHET DT IENR
FOTWECTIELMFZRLY,

» FlEZLERTHEELL (1) BEKE, 2)&HAN, (3)arkO—
IVAETORRKRANVIRERE, 4) AR eBEROANVNFELES]
anarba—ILaBEELY ENKGULVNSITNIZERRMICEZELNH S
EEZLNDD, TO/PMDIE

o BIZIXERKENFAIS %, #£H 71580 %, O~ bA—)LAET
DARRFEEND 30 %, FAEBRBBRICKVIFTEOAAVNEEN
15 % DIZEHL, KI5 NEhid, (RTEHETLHHE
(&, power.prop.test(p1=0.15, p2=0.3, sig.level=0.05, power=0.8,
alternative="one.sided") T OK,
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¢ NLOUFEEMNKFE LOALIHETTIEEEKMIZESTIE
LMD DMERR,
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RSNTLVS,
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(BFHaALRTFO—)LETEOHE
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1000 AH 32 ADFET=E 1000 A 41 ADIET=D LB

xRS,
1-(32/1000)/(41/1000) = 1-32/41=9/41=0.2195...
*x FIRAERBE DI 22 % |[Zhnf->T-,

) 7B AR,

(41/1000)-(32/1000) = 9/1000

* CDEZEDED, 0.9 %DIFTZEHITLHIHHLE, T1000 ARRALT-
ESIOANDRTZEMITEHIEVZL=>RIZBINICERZALGONREL DT

NNTIZ 1/(9/1000)=1000/9=111.11...
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« YROLDIEFERE L,
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= (0.495, 1.223)
1TMBEINWTHEM)RAVBLEREZEZEZSEEEIL1Z50Y
THJMARAIEMELZEZEH, COBSIFEELOAN
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7:;%;5, HAFFE (L 0.22 hELNGELA 0 DETEEES 1+ 52
12855,

o $EXRDBLEDIETERXMEIL,
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NEHLE0ZFTEATLS,
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A== ERDEA (1)
(Wilson JMG and Jungner G, 1968

https://www.who.int/bulletin/volumes/86/4/07-050112bp.pdf )

1. BRIET HEENEELEERIE TH S ( The condition sought
should be an important health problem. )
L TEELGRERBBINEKRTHDI, %@Iﬁ*@*ﬁf‘b\ L&D
(ﬁe )h‘ggﬁn’)) BREauxdnnELRZE(eqg. FIERKBIES
“ T

2. BERICR RZ1T70-1=15 812, BYEaEENH S ( There should be
an accepted treatment for patients with recognized disease. )
1. REENGNWETEDIN) VTR ITGHIENH D=8, XY
)—=2 4 ZLELY,
3. BB DHETEZMDFEL, MEkhH H 5 (Facilities for diagnosis and
treatment should be available. )

4. BRIET BEFEISBREH AW IIEEIREAHEH S ( There should be
a recognizable latent or early symptomatic stage. )
5. BMET BEKICH T DEYERD)——2 T REENH S (There

should be a suitable test or examination. )
Nov. 21,2022 5
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AOV)—=VJ EEDIRE] (2)
(Wilson JMG and Jungner G, 19638)

o

should be acceptable to the popul

REBEFENERIZ L TEARIEET

, 2T ANKXT LN The test

ation. )

7. BHIET BEFD BAE L HHI>TULVS (The natural history of the
condition, including development from latent to declared disease,

should be adequately understood.

8. BELLTHEDONEHENEAIZTDONT

)
DBERHEEDFET S (There

should be an agreed policy on whom to treat as patients. )

9. RVN)—=—U T FEE2AFRELTOER—ELRHIKILT S ( The cost of

case-finding (including diagnosis and treatment of patients

diagnosed) should be economical
expenditure on medical care as a

10. BB R IX#RGEL TITHN S EH

ly balanced in relation to possible
whole. )

REICTHNET, [258%—Ef:

[T IR ET HETETIELMFZELY ( Case-finding should be a
continuing process and not a "once and for all” project. )
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A== EmDIRA] (3)
o WBRIZHITHFHLLERE (Andermann 5, 2008 £
https://www.who.int/bulletin/volumes/86/4/07-050112.pdf )

¢« BILHIRY)—=2Y

o BIEEHDIEFRMYE (EFH, 2006 &) AL H-F R, BASENM,
R2ANEFE (eqg. [EWLVEFEZTHEODFELINWND, RITBELGFHN
ZLLY, CH, LOFOEFEEEZS EL’CL\%J:')?‘J—m\L,‘C HAERIEZ
a2 (152 &I §EM,J&EK’CL$')OMT—J:')Mk &z ﬁ;%’o)&(iﬂ
ATEZITTHLRELD, EEVVERZEZEZ TS HY \b\L\‘VbT_o T3,
%’)U&UIEL‘LF‘%O)?#Ei*Ltb B CTWMTABEASH])

s FAEOMEMNMEE: BERRBIZOGNAYDLT U, BEIEELETERE
A D1Bin’E 15 S DEZE ( DALYs DE-E R ERT)

o AITA—LFRFIARIZEBIFTRATSATYSTEDEE M

Figure 1. Genetic screening continuum

<Pupuldtiunhased screening

Mass Opportunistic Cascade
screening screening screening
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AOV)—=2 FEDOFE (1)
BANEHHLIEERE (RRE, 1FEE) LERME (BIRME), dLEE, HE
THRMTHHENKRHEND
ANEDBRTIE, —HRIC, BHELEGOIANTHEERET H=-H DRI
ELTITODT, BRENFLIZIAL
Atz H12IE, fEEZM (BRIREZETHHULMIBLICHEILL TLY
% Gold Standard D&EEEIZLD) I J:ofﬁiﬁd)?ﬁfub‘“bh\oft\
HRREICDODNT, HEBREARICKILSGHE - EEDHIENDHE
« EEZEICHEIOREAZBEADODRECKHERE(L? BEHGEE
’T‘FJ"’ (sensitivity)=positive in disease

2 [E (specificity)=negative in health
tﬁz_étl,\l,\

ES RS &R
Gt a b
ff“li C d
% = a/(a+c)
CF#EV d/(b+d)
51 L E L= (al/(a+c))/(b/(b+d))= R / (1-4 #,J’_)
FZTEILE L= (d/(b+d))/(c/(a+c))= FFEE/ (1- BRJE)
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A —=2 % ML (2)

IR EIL, TORD) U0 FEORE, SHEEDIEZL, MRELD
SHICHIFTH5ERINSIZIEKEFT S
R 2 EE
ZE a b
ZHE C d

1514 R It B9 5 EE (positive predictive value) = a/(a+b)
T“li)ﬁﬁl'}lfl’]'::'r" (negative predictive value)=d/(c+d)

* WIERRTIE (atc)<<(b+d) O TRELFEEMNELHIZETEE
RSP EMESGLHTENH S

EEMIX, BEBRBREEEMN (test-retest reliability) , ERME
(inter-institute difference) AA/NELVZ &, BIEEFRIZ (inter-rater
difference) A/ NS &G E

« test-retest reliability [£, BILXRBICRILEERZLI-EEITHREN
—HITHTE, KIFRB=EED—HEBLBAOD—HEDEE, 1&
BARD—HMEDETE>E, TE—HDEE1, BARD—HLE
ELEZ0, TENLUTTE

\l
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AD)—=27 DO (3) ~ ROC

« ROC (%, Receiver Operating Characteristic DE&:E, i@, ROC H

RELDITEHOLND

« BARETIEZREITERFEBREVSTENDVLTLSHRE
L REBIFERFERIBEVSEREN DV TWAHEENUIILT
LNEAY, ROC MMM THAMZFBARLTI ROC R 11217545

HLTLWARLE A TET =,

c BREF=(R)EF ERNASFESN-OICIFIE, BEFIA
B2 ERICITCIERASBERRMETFEIFETHEGENZZ2E ]

c BRK-AE R I OTIVEENRELESR 2006 |FAIE, AANE
F2ERMEFEFH FIRIBRLRFEHR, JLYFr—
RH, JLYF¥—SW, 75 F—EH, 8HXKX (B3R [EERE
FIATAHAIWY ATV RABZ—F a3 FIVGENTZIEE ]

© FHZE-!

br i (i) [T

G ARTAERREE WET4RIFELUE, FHRE

BRI AZ-7 IV ZAAFIIEAREIELZE X, T ROC BH#RITEIT
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ROC Iﬂiﬁtli

100):(7')—:/775,£l 'JL\’CBaIi FEED
HEEZHZR/MENOHEKRIEFTEBMIZEZ
HE, BEHER(=1-15EE) LRELZEIE

» HEEE=m/METRELBBEMERE1,
EEE=RKNETRERELHEEERLO

BialERziath, REZHEEICEOTRTRA
& BEEDOEIEISHET ST ROC R

% (0,1) F<EEBEERY—= B
AEN(EBEBERAREOEHLER)

102&3Dﬂ5ﬂ6ﬂ?ﬂ-ﬂﬂﬂlﬂim

* E%%J:T %Et‘u L\Eb\ﬂ_ﬁmﬁ Jl\ False positive rate (%)
FOEENRS D e L

with cut-off paints indicated on the curves,

BBV EDRERICHEZSLEBDARY -
IO FEDBEDHRIAEAS s cn DA

« ROCHIfEME LiiE @D LE *EFJ;%T% h%g*g\oég%ﬁhz?ﬁ}\é
1To1=2 NDERE AR ?D
,;\(U%CLE'_Ar&elilujn%er curve; R TmEE) A R(ECZHAD DA GHQ LUBH
\
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ROC Bi#R% Excel Tha<fl

55018 = LB ER S5 I (28 2."’;0)-'60)) =1-COUNTIF($B$6:$5B$12,"<10")/7
HEE  BA EEDE  SLEE BB rﬁg/

1 20 5D 10 1 1
5 22 5D 11 1 1
6 28 5D 12 0.85714 1 ROCHR
2 13 i2FE 13 0.85714 1 T SRR
3 10 12FR 14 0.71429 1| os}
4 21 1 EE 15 0.71429 1 bl
7 11 2EE 16 0.71429 1 &
8 25 f#fE 17 0.57143 1
9 16 2FE 18 0.57143 1 oz
10 10 i2FE 19 0.57143 1 0 S
20 0.28571 1 DY amemosrm
=COUNTIF($B$3:$B$5,">=18") 21 028571 0.667
HEE18DEE 22 0.14286 0.667
> fiERE 23 0.14286 0.333
& 14 3 4 24 0.14286 0.333
=14 0 3 25 0.14286 0.333
= 1 26 0 0.333
HEE 0.429 27 0 0.333
fBlstExR  0.571 28 0 0.333
29 0 0
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RTROC%*Z1T9 54 %
s T—RADEZAEDT—2EFESELT)
e X <- ¢ (20,22,28,13,19,21,11,25,16,19)

x =20.000

Y <= C(l,l,l,0,0,0,0,0,0,0)
« Epi A —VEHSBE 2-

e require (Epi) kvl
ROC (x, y,plot="ROC")

0.8

+ fmsb /ST —SEESHE ]
e require (fmsb) %
res <- rOC(XrY) é < _
print (res) ”
plot (res)
. o 7 (mﬁﬂiﬁ'ﬁ o ((35%3)

test 0.338 (0.241)

Model: y ~x

Area under the curve: 0.857

0.0 0.2 04 06 0.8 1.0
1-Specificity
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- REBEEEICIYREL

- 20 FE 108 AARBRDFAERISHL, #3116 HHDIRE (2kg UL TEAERITHR
ﬁ?’%ﬂ‘:&'}), FERERBIER 1256, EXRERIT @MLK 49 B, JLFfE 606 FlZiR

BREXV)—=U BEER, REIGERAER
L4 REZ TOENEREE 3 B (BFREERTHRAD

* 1990 FHRERFICEETEMST (OAE) ©VEHEN ABR (BEMEEF RIG) DEFAFESH, KETIE
2005 F1Z[3#9 93% DFERMNZR

« BREFBEABWRICKYZRIIGICKRE, ABRRHIZT L 60 %EE,
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: }iﬁﬁé%\ﬂ%d)ﬁﬁ HIERAD)—=27 (2)

o MIFIFHREfE
. 17984 F~2003%F, £%Z6 ~77ARWER, REETYR-RY)—=>
o MIRFMRET/NENAD—IET, hTa53IFELETHDT, dfER

HEMD VMA ¥ HVA ZHIEL THEHE

1 BERBCROMNBEFENERL 1 BRUBTROMNLEFTENEINE
MR —=2 5 EiE D EHL

FAVENTZTITHON=-NARAEDFER, 2002 FICHEELFFRTEFD
MENGESF-ELVSHRELAHY, RI)—=24 ik

- BREMRBREBEEREEN 2 E(24-1- GBEIZH)

- ROY—Z=Z2 TSN =-hIZBAREHINZ L

- FMHID 13, {LREEHD 5 %BITEEIZCESEHE

1995 ~ 2000 EHE R 716 A AR R D FIREaHR—MHAZED 2001
FHEHET, TRHDORTCIRZZHORTCLIVERITEN =,

ZEEPIFICEKYMESEHIE
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FEEZ  Sind EREREICEKD
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HLIED R FRLERI)—=25 (1)

e AOBM~TARMENR
o ARy -orO0—LEERHET 5B RIEANSST-)
s NERT7TFEERIRRICKDIRY) VT HEEWBEIEBELTEM 85cm LKL

£,

2 90cm LI EDEBEFE-IEINEEEIFEETE 100 EAecm L E+LUTD25

2IBHLE E: TG150mg/dL LA E, HDL aLXTB8—JL 40mg/dL K&, SBP/DBP
H 130/85mmHg KL E, ZERERFIMHE 110mg/dL LA E) DIEFET - Z R HEICIT R AE
REZ#HY (F-ZEHHOTULVELY)

) ﬂ"iﬁ&ﬁﬁb%1‘$®¥*§M*‘%1ﬁﬁ$(:f;o'm$5®—6/\4'Jx77‘)b—7°$ﬁtljaL\5
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s BEREBREEOAMNEICLERIAHLIDTRELL—ar - 7IO—FELTHER
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M AFRE

2 MAXMRERZEKICED

. I_L75\/u—|2/’5!—r75\/u$ﬁ SHARSA ]

FEBENA HRZOH, HISERLHY
BOA: XBRELARFEREL, ETROMNRZRIBICEIRLHY

KA EBMBREI+2GRLHY , KIENREREILFETRDRETR
TR H SN EHTERORR RN DL -OHEN B D LIS

fANA: ER X #R (SRR I L TIXE M2 6 R) (XMEICERLHY
FAA: 40 ~ 74 MTIYVET 74 BB TRERB O RE T HILTIRML
HhY) (EETE, BEIZE, MATRFRIADNADREDAIEEELSITFRHY)
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=g /\%/7 OEUAEEMO, BERZICEETND
AF#ee: AST, ALT, VGTP [ISFERZICLEENEEELO

#J*J?r BERZICETNHZERFMAEE HbA1C (ZEFE1EO, RIERE
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