Journal of the Korean Data & http://dx.doi.org/10.7465/jkdi.2016.27.5.1193
Information Science Society gt o] 8] A B 3}-8}3] 7]
2016, 27(5), 1193-1201

Fap st e oSt A - 24 st 41 s A ek

[<)
A 2016d 99 20, AAEA 20169 9¢Y 219

i)
4
Do
S
—
o
r
o
e
o 4
0
e
4>

2 %

“& e B2t dlolE A B2 Ao Hls] f138] 2 AFES Kol 49 3 23 (hot
spot) &2 Bl ZEAH (cluster) & Fodu S 97 Bk 7129 B HEL oHR 2
GRS JH%O] EAEA e g FAE, 2] B PHES Feave] 94, B, 2

71k ozt Foll FEAETF FAH R FARAA AAFHET B w=EelAe ol ® o
3 T 7P vl AR E e ZEaE 24 Y F shel 273 BARE o8 S st
I wyo] $3E F8 22 0] SaTScand ©] 83 275 o2y AHEL =stust gt} v
= S HAAE S SEER Z2I#A Algste vi=e] 7 7R2EE o AR AkR F 20061 o4
TG AR HOlEE oA HOTH 2 ARg3te] 27 BARE o] §ste] 73 SeaEH B AAE A

AIBHL M8 AFE St AFAIA =5 FuAt ok
Fogo): 7L AT dolH, A ARE, 278 5AF, ¢ 28)2E, SaTScan, SEER 22
a3,

1. AE

3} (epidemiology) | U 582 & (public health), 2% 2] (disease administration) 52] 2] & &
@ Sopul ofUzh, ASIe, WA 5 chye RololA AY T Ans), A A A7l
wlg} Fr1F o7 £3o] FH= F7F (spatial), A7} (temporal), 28] 1 A|F7F (spatio-temporal) B o]
BEg theolol 5t 497 Bt

oleigt o8] 71A] A Z;Eo] T B AT dlolH A A¢

& o183l SR WAE VAT FAGS AT Ao ¢
Pfeffermann, 2002; Chandra 5, 2007). & #|o]x]t H &+
SA G 7] F7H4FA (spatial correlation)S HEFE ) (random effect) 2 1——?—‘3]—01 Eﬁé*‘% 75.",{]'?5 =
w4l o] o] &H T} (Banerjee 5, 2004; Leeg} Park, 2015). £ X9 2+ AFAFES 1t =4 "]% a4
2] & (disease mapping) & YEF o] A1 Z+3}517) = e} (Lawson, 2013; Ahn 5, 2015; Coly 5

_]
o
o] AR 9t (Ghoshﬂ} Rao, 1994

ol FOABAE DT A ANT DRAEE sl tlolEle] B4, A4 54 o
st 4oy oo 4ot e 34N £YS 98 JAARE Bashe $RoR T A9
o Wste] G5 £ ABES Holt AL FohuAshe A7t 9 &tk the Ao w3}
o £ AYEL Holt A9 (EL A2 o3 99 B Fe2H (cluster) EE S (hot
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spot)eleta LETh. Dol s thE A ojo] ulste] Fu3] FE HUES Kol AdE B
dae] H7E HAT AFAEL F2 wad L AVEL Kol Aoe] BHL XA Ak £
2olA] oA AFRE o HlolEe] A%, thE Aelo] vl H & WEEoI} AUES Mol o 2

#]2E] (cancer cluster)& Zt= Zlo] & Td—é} ojt}.

7Hg wol &A a £3] ARREE FUHES 2= W Folle Moran’s I (Moran, 1950)4
Geary’s ¢ (Geary, 1954) FAES o] ol Atk Iy oY W EL FHaEHY AT
3, T 22 2E 9 XU 27 gt
SR TTE REATL. 5, ARAA St T B e EHATE FASHE o EFiAd
o] X9t 2715 s B ofzt Foldl FHAEIL TAXSE FFAE AFE £ = TE
(43 P @)7hA) AFS Folok Bk

a3k FE2H g4 W Sl F7 J3A 9 (spatial point process summary methods), 7+
& 77k o] % ¥ (nearest neighbor method), &)1 27 ¥ (local rate scanning method) 5
o] a1 ol FE|aE e FoAE Fddsts Y E3F thFsltl (Waller} Jacquez, 1995). o] o}
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T = T sl A9 el AurlEos Foidl glolEel AT A webd oy A3t
€ Aleshe ol tE & olthal ¥ A Stk (Wheeler, 2007).
2 =2olAe o & Kulldorff (1997)9] &30 A (scan statistic)& ©]-83to] g3 ZHAHE

2= v S A7) v 22 Y YA (National Cancer Institute)?] SEER (Surveillance, Epidemi-
ology, and End Results) ZZ 1o A|Fsl= 20063 1= oA H|Y AL} vl o]HE ALE-31o
SE2HE Fe NS HoFaat itk Kulldorffe] 270 SARE o83 FeaF B4 e &+
g AZEY ]2 SaTSan (Kulldorff, 2016) 2.2 F&F o] Qa1 B =FAL o] Z2 IS /\}—%‘6}01]
2006 d w)=2] o4 o AFGAF vl ol & A5k

=2 ymA BEL ohed Zo] pAdEoe] ity 2&oAE &7 TAFY ol&X<l digt
SaTScan ZZ 1ol FLHH 27 FAFC] DA Z2HE T = ol FHAEHY FAF
°/l”° ojg A AATE=A o el Astct. 3-ol|AE AZ A SEER dHlo|Ejel] st 47 <}

A 438 B up 2o 2 480 = ZES AAs v gt

2. 290 EA%¥ (Scan statistic)
2.1. 9599 wokal 77)

eA ARTR FA, A, AlFA SHAEHE 8% o8 7R B F shl 27 BA
F2 A o tAs FejaE ) gt SAA fo4S A PHS AFshe oRE AL
B2 Fopol| A g ARg-e] H T Qi)

27 AL o5 IHE AR HYE 2 (predefined shape)d] 9E% (window) (Figure 2.1
i) & 37] (size) AA (center)E AL vHro] 7H &4 A AAE FolA BE 7Hed A=
of thall, 9= W A=} A= 5 ﬂ""‘EJ ”Equ H]‘E (I EE; relative risk; RR)=
At 7he Ao 2 thE X Hof HlsiA Bl =2 APES Holt Fe2EE Fopdth

N

27 FAFY 22 SYaHRE 4*‘El“ A€ U“OM A7)l g BE} Y dHelAE
ARgo] Zhs stttk Aol SiAIRE, 27] Ax-0 719k Bfe of 9A Ao st=pe] wet Hopd 2
_/;: o]r/},« 1:]_140] olq_

oA LR E oW RYS AEPE FheEtal 3 oY RS F ol RYgo] FYAHE et
o A& et gt A7 9t} (Tango9}t Takahashi, 2005; Patil¥} Taillie, 2004). 7178 W
o] 7=+ EF2 9F (circular)} EFIE (elliptic) (Figure 2.1 #a1)o]1 B} A=9& ARR

—
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ke Zlo] ol FHAHE AR ) ¢ e 2 AAES Heltka A 9t} (Kulldorff 5,
2006). wWebA B =RoA T Bl g AT 5 ALg5le] S8 aH

Study region Q Q

Figure 2.1 Window and variable shapes of windows

2719 A% 44 AAY 271 (19 09 A0 A3 99 S0 5)% 01851 A,
R Aot AR o] Q747 AT G A 01%4011 A AR vl Bo)E drh old
A ALl ol ft B4 A4S 212 W] AT AESE AT A9 LS Ul 747}

r4~ O A 2AT FHAHE FopAt 9E 3T 4 917] wpEolch

A74e SR AR T8 5 S A 8 A= T71: 50%HT} Holok Bt Z,
}.7\1— = :HAE‘]‘C‘- qz." o:]q_ O:IO:] o]q__/] XJB]J]]_x] = ‘g_ _/1':. 9,;1\_1_ 50(7% 1:1‘_—_1;}.11] i 042151- (comple—
mentary set) Q) $2o] SHAHT 157 & Atk wepd, olgHoz F1 FesEH} B AEe
27 At 50%7A H8HAAT, AAZ DA 2 ALSE S B¢ A7A A2 oo
o) el 4% @ % e & Felsr (gobal cluster) B BA4l0] A2 EFA B4 513 24
o o1A7% 9 £A|ole] Bel2 (local cluster) = oo A4 Rohe 4974 55 Ik

AP A 98 DES 219 AAL FARD FAALGE A7E Ao} A7A Bl @
B SEA0R Ao A0, AL AT 4 WAl AAN 2 RS S (global clus
tul Bao] Arhd Ao 318 A=Y 2/ 5%, £FRY A9 2HAH (local clus-
2ol 6 FEsi0i Aol 318 PSS 218 Fold ALk A BABE ol gl BT
HY B £EEC 479 A7 BA0 wet thpd 2719 A) 5§ A= 2712 A

H1 rr
|

tl

ter) & 3
ter) S %k
Eﬂ o]

8 A=t 2715 oFA Aske Zholl wet Zopdl SeaE Aise] dekAn 1 2
Zo] AAZ o AEgA | tisll AFA Y F=E Awstd e A+ ASHAL A (Han

RS 1A F
2 £ HojF3A} o
D} o] éﬁr~%— OW* Aol o AARAE o AR/ I8 A7 A7 B FF o) ddsie
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AR [Ho: BE AT FAe)A HPEE 20k (F, 4UARE (RR) = )]7 @744 [Hr: 9
=5 Ad) AU} S B0 (S8 Sl o) 20 SALE ol$oiol TaAYE T Aol

2 Qo). &, AR A SlollA 25 (likelihood) S A4MSHLL o] B2 HlwdE $5H]
(hkehhood ratio; LR) AR L o] &3le] EAH R {08 Z2|AEE o]
o2 o g oW {39 HolHd A E 7155k %F (Huang 5, 2007; Huang 5, 2009), 2
B AL Ao AFRE = ¢ AFEE dloE|eF o] 7+ X Q9] o149} oF AFYAIT) o] R 7].“,_15
(count) t]o]E]2] 9o} Zro] Zoks RYL 7HA3te] LEHE T3 A1 A sz} st
BE 7Fse 959 A Zeka st o] ] Aol Y4k ARV E 5 Al 2 2l %7
Sak olul, & A HLoR o] 23 (F59 AAE /M) XY B BYow thdt Byt G715
7H 4= otk A w99 A9 v 7RE, felvehs ATT 59 AP d97F 2 AMeE

t}.

ojuf, c.9 n. & A= 2] AA BFH Aol & (74 & AR ZldiH = Aol 5 (E
L A7s)E st AT Jdye] RE #=H l o]28] gt BE ZHis e Aols Fe C =3, e
N =3 n.olgt 34, Zokd RES 7MY 4 A% 2 o e 224 (LR)& ofefe} o] Fof
Edi=

fiA]
X

]ol

olul, n.7} A&z 7|tiH = Alolx 2, C=N ¢

I PPN EN: EEE R
e 5 AYEAH ¥ ¢

=% Ul #=E Aola R ZdE = Aol U o W ) o 22 499 S8
£ zk= o] F #FAloal o] A)e] R E 9l A& &< (indicator function), I(c, > n,)Z £
a9l letd o] A% &

%, O AR B2 JPEE Hole FHAHE e Zo] Balo
I(c. < n.)& TYx ]’Pﬂur Es= H?‘*‘:ﬂ EI w5l Adgle] EE ZE2HE 21 *\:‘D}f’d, XIE ks
0 Lonlo] 21 3 2 54 (
ratio; LLR) & ]%‘}%o] /\7}] Ezﬂah,] ASE R 7MAE LLR(2) = log(LR(2))E &3] o]-&3t}.
oA, ZU9] RE AE$ 2o Tl ¢xn|9 AU T = max. LLR(2)S 7318 1w Az
27} 7V -9 3k 812 H (primary cluster) 7} H| a1 o] SB|2EE ALl &, o] FB|2E <} HAA
2= (not overlapping) FHAHE F a2 2 193 F82HE (secondary clusters)& H]sh vt
Heg 2 4

2.3. SaTScanoi|A¢] AAu

oF HollA Agst 270 FAFS 712 A g o83t Folx FEaHe| FAA F8E HA
o= o8 ZHA7F Atk (Waller$}t Jacquez, 1995).

o
HF

o] & Kulldorff®] SaTScana 7} 2|9 &9 & F4CE FH A7|E T7MA A E HA& A=SE
ASHoE o7l BE A= ths] 21 540 LLR(z)E AAlstal 1 gkl A3 5AZ
T = max, LLR(2)E 73t} 270 AL closed formo] £A)31A] ¢F7] w0l 2H|7IEE (Monte

Carlo) HTHS AR Fo4 A4S stk

FHAETF SR et (Ho: BE A7 990A A8 =L 2ohE 785kl B2 59 dlolH
NS Qo2 343 5, 2 dioje] Al thst ARZAH TE A4t AA dolE=2RE AxE A
AEAZFY 7 w95 FAst FYA ARE ATttt dE E0, mAY AEHHS IS AR
AR dolH 2R ALtE AAFZAZY <=9 7]— rolghd, EHZIEE P# (Monte Carlo P-value)2
= AdET fFeeEs 5%E AUt BHIER AEdcdoR AR Ty AolA ALt

]
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2ol gt} vl ste] AA dlolejell A ALk gho] A9 5% Ulell EThd, el F 1
oJgittn #hstt}t. SaTScane 7|22 02 99999 Algd o] dS APstuz WA FHAHE
S AZY gl A9 50% R ETid o] FAE 7} ol etk At

3. tlole] #4
3.1. n]=2 ZYFAE|e] SEER =213

oo ZEAEe SEER mzage ujz Yo ¢ &8 574 ARE AT} (NCI 2016).
SEER 22a@e ¢ 9 $44¢ 2oPINE dus e DuthE Bk opet 9 LR (cancer
survival rates) o]t} AR ¥ (competing risks) AT 5 & S &l £ FaAQ o=
Al AFEAAE ol £23 dolel ATaw Ak YFH /14E AR ol kgl
N FFu HolHE A& 4 it

SEER ©°]E]+& Table 3.1914 B A3} Zo] 5 < (lung cancer), 43¢ (breast cancer) 5 49
W= 2 4 (common cancer)S W] E38}e] #53< (bladder cancer), AFg A5 Y (cervical cancer)
9} 22 =F ¢ (rare cancer)ol ©|27]742] AA7IA] 1w thRE Foll o gk AFgAre} Gt
AuE ABFT ek

Table 3.1 Categorization of cancer based on total number of cases in 2006, USA

Cancer Site Total number of deaths in 2006 Class
Lung, Male 88,791 Common
Lung, Female 69,037 Common
Breast 40,600 Common
Prostate 28,256 Medium
Ovary 14,781 Medium
Bladder, Male 9,368 Rare
Bladder, Female 4,049 Rare
Cervical 3,953 Rare
53], & APdRReE 22 Qo) #AE (population based) 7HEE Ho|E1Y] A AA wid &5

+ AFgREeol] Wl common, medium, rare®] Al 7FA] FElAg2 ERFSA FEse g2 dHA
th ole AR B4 A YR AL Aol £r RYPS AFE A¢ ‘§7‘ T UAE EARS
Al
Al

o A 71EE& AAHe Zles dEA Ak 7HY, =R 4o A9 3~5dA9 Aol
F%ke T 1~: AL AAska Yok (NCI, 2016).

D
$rod
f o]ﬂ
o 1o

3.2. ¢ 228 B4 oA

o] FolAx= SEER Z2IolA AlFdh= ml=e] 2+ 7R2E (county)d & AFEAF HolH
2006'd v]=2] o4 F G AFEAF vlolEf o] 27 FAFE o8t FAHCE fogt FH2HE F
A oAz Hoja Aate] st TRl thal] =2 starat st

WA, Figure 3.10141%= n|FolA 2z 7R e 200630 9]¢ Y APdEe] ANAPE (rela-
tive risk)& A A %= (choropleth map)& vFepbdl Zlojth. 7|4, FFES 21 7R ElW] < A+
FARES 2 7R EE AT ZE A QY AY AT FEY AR S-S ongitt. Ao EE
ol 1o]ghe AL I 7k ElY HAGAFEE ] v A FAATES 2] otk ouo]a, el
E]7} ofehe Solth. AU EEe] 18T Atk AL dd I A o] iAo o fFsithe 9
ujo]l s}, BAA R A EC] 1258 T 2 Aot & 7] &0 =5 gt (NCI, 2006).

rlo ofn
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Figure 3.1 Relative risks of U.S. female lung cancer mortalities by counties, 2006

Figure 313} 2o 4TSI BELS A= EAAL W), QG A\do] W53 A4, 3, |58 4oy
AVES AL £ Btk ae), 2% fde] AT FelAHE oREA, EE 1 FeaH
A A9 B, 2718 B AA 2 Bohislt YETh BT, T8d SeaE0] e 5AA

F4E A AL o Y€ Lolth

mebA, Figure 310049} 22 S8l Bol 2006 v]F o]4de] sgk ApgEo] AAE ofd F7
29 Ze2HE FATAE AT LA 28l AP 20 BAFE o848 AU} Figure 3.29)
AA= Gt SaTScan] 7]1% A4 o] g3te] Zols B APt &, 4 7-eEd o4 A7
o} A g AR dlolE Ykl Hu FUARE 72 7ReEle] e FEv AlFol Hlnk
oJFA FoiF T ARE VIELE 7 AEol disl vE] A A 38 A= 277 Ax 9] =2
g BRAALR A97h BE A=l e $EAE AN T ARl HohPEnighe Tkl
EHZIEE AEH)AS T3 BEZIER PRt Toth 7[EA SR SaTScand 7bs3 BE F8jx
BE ZolA HojFnz An EAE Sste] Pglo] ol Eol s%Rtt e FeaeH T f93 A
= ddaopsir).

SaTScan BAE Ze|2E o JUAAE, SHHY AA, 27] (FA A7 vl FH2H W
AFFAIE)E MRSt FULEE TS A2 (0] I AL ofolrE HAE 2l Yriz
A3E AT} F, Figure 3294 22 AXEE wE7] 9s)Me 95 22908 o] gafopwt sir).
E =RMER = 1%‘% o5

IL

(c) 25% (nc=4) (d) 50% (nc=2)

Figure 3.2 Clusters detected with varying maximum window size allowed from 2% in (a) to 50% in (d).

The numbers in the parenthesis are number of significant clusters detected for each case.
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A 280lK) AVEADE A2 W £ R BAEeR Ao HYW FAL Figure 328
3 Sols 4 itk 2, (a) 2%014 (d) 50%0] o12717k4) Hrf 84 Ax$e] A7)0 we} HEA
o Fold §ol3t FelAHES) A7), B, 94 So Fepde ¢ 4 Al olg 2 AL (a)~(d)
% olu AT} vlolele AAl 27 2eaH AHS F AgereAd g3 BRL dr)e dSo) o
3, ofe} 714 The BS, 714 ot ojulelER), AAA o) 52 uesle] AT B i

‘ﬂ_

]_

i

I

e A9E AT 5 Ak A AE AL AN AL A0 22 otk oIg 39, &
aHE B Rol BHolehd 2%} Po] AL ARSE A
11
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e Rt s Aol BHoletu o] £ A0 3§ s
o AE

lm

B Ao Wz ATi9iEEe] s 2
2, Wz @7 2ol Aol 44 o

°
=

50%9] = AESE 2WTAFL AL D Aolth. & A FIT AL vAAen FeiaE 27
)k 2rs Fe AT AAlS) AU FEE Wa, FelAY 27 A80% 1 2ol Ade AUARE)
¥2& & 4 g, ot Figure 32014 2 542 44 FelzeSol 277 245 Mo] Folx
£ A0 ol A5k Thek, o}F ¥ AUAUEES XL AL 379 FelsEEe] FHAUA
T F4e) GeAE A9 AT & gom, olHe A% 2e2HS A7)/ AQE B7HT Aol
201 e Ao} AL S o] A A4 2ol Basie
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3 S At 34 ol A Bl o8 S o el Fartel vl
ehe e GohfEA, Fold FelsE S AAZE detdoz ojnst gt Ange Helzt.

4. 2 4 AA

hul

2 AFoAE I e Azt dlolE oA T Aot Ak vls] S1FE o]
G A FEAEE B WY F P9 28 AR 240k 8, vnd @ e F
zZEY o] SaTScang ZUol] A7fsle] n]=22F¢AME]S] SEER 21388 23] A5 s v)= 99t
APGAL Eﬂolﬂé EA AAE ANz HolFa s Ao Ao ool tisiE A5

2 SAFE 2 7124 At o] 24 wiA o] wi-p- A@A olghA] g FokollA T &gAde] HA
=olx 1 glu]—. ohel O Qe w2 AFE A9 (computing resources) S 83FA W SaTScan-2
o) AN OE 4 At LuAZL TANG ol BAE Bol FHIAAT} (Kulldorfl, 2016).

27 FAZFE Fohe HgolA AdEsks o ‘:—?*—4 3710 wet HEHQA A7 2k ¢ de A=

T5 SoMA sfie] ZolA AL Sl Foln W Aol wetAs A HAH wef dojr 1 3

71E Y 7= drhs AS 2006d v= oA FH Y AFEAF vlolHE AT AAE Bl = E

>4>1' K

Brge ojn g A7/t A9E nRe] A Faste] Selitetel & 55 Amol i Feis
H 242 @ 0 AYHE Sol1 ofdl FEo folste] RHL sof SheAlel the £2L Fux
it
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Abstract

In epidemiology or etiology, we are often interested in identifying areas of elevated
risk, so called, hot spot or cluster. Many existing clustering methods only tend to
a result if there exists any clustering pattern in study area. Recently, however, lots
of newly introduced clustering methods can identify the location, size, and shape of
clusters and test if the clusters are statistically significant as well. In this paper, one
of most commonly used clustering methods, scan statistic, and its implementation
SaTScan software, which is freely available, will be introduced. To exemplify the usage
of SaTScan software, we used cancer data from the SEER program of National Cancer
Institute of U.S.A. We aimed to help researchers and practitioners, who are interested in

spatial cluster detection, using female lung cancer mortality data of the SEER program.

Keywords: Cancer cluster, relative risks, SaTScan, scan statistic, spatial and spatio-

temporal data.
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