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1 0000

0000000 (Deepest Regression Estimatotd DRE) D0 0000000000000 00O0O000OOO
0000000 20000000000000000000000000000000000080000 depth
(Rousseeuw and Hubert, 1999) 000 0000000000000 0O00O00DO0O0O0O (2005) 000000
0000o0o0o00o000o0oOo00ooO0o0ooOo00ooOo0ooOo0o0ooOoOoooooOO

O0o0oo0o0oO0o0o0ooOo00oo00o0oOo0O00000000O0000bOO000OO00OO000BO0
O000000000000000000000000O0depth 00000000000 O0OOOOOOGOOO
000000000000 0000000000000000000000O00O000O0O00O0O0000O0
000000000000 0ooOo0o0ooooooooooooOoO

000000000000000000000000000000000MedsweepD 000000000
Exact 000 0000000000000 O0O0O0O00O0O0O00O0OOO0O0O0O0OO0O0OOO00O0COOO0O00O0000
0000000000000 0000000000000000000O00O0DO00O00O000O0O000O0O0
O000ooO0o0o0boO0o00ooO0o0o0ooOoO00o0o0O00b0O00000000O00000000

2 Regression depth

000000000 depthOODOODOOD0OO0OOO0OO (nonfit) 0000000000000 Z, = {(x4,v):
i=1,---,n}CR20000,00000000¢:y=6z+0,000060=(01,6,)06, 000,606,000

00 100+ 00000000000000,00 (;)000 (4)0000000,00000 Z,0000,
6=(6,,6,) 0000000.

(1) r(0) <0,Vx; <v OO0 7ri(6)>0,Va; >v
() 7:(0)>0,Ve; <v 00 m(0) <0,Vz; >0

00 200000 Z,00006=(6,,0.)000depth0 0000000000000 0OOOOOOOO
ooooooboobooo.

rdepth(0, Z,) = mvin{ﬁ(ri(a) <0 and x; <v)+#(r;(0) >0 and x; > v)}. (1)
00006 = (01,02) € R?.

001,20 ;00000000000000,00000000000000. Rousseeuw and Leory (1987,
p.116) 0000000000 depth O scale invariant, regression invariant, 0 0 O affine invariant 00 00O
O0,00000000000000bO00
O0depth0DOOO0OODO,0000,0000<2<---<L2, 000000
rdepth(®, Z,) = mwin (min(L* () + R~ (2:), L (z:) + B (2:)))
O00000000000000 depthOO00O0OO Rousseeuw and Hubert (1999) 00000000000
0000000000000 ()00o0o0000o0o0U000O00D00O0O0oULOOO0OOUoOOOOo
(v)=t{i:r; >0,z; <v}, R (v)
i

Lt(v) =t =#{i:r; <0,z; > v},
RY(w)=t{i:r; > 0,2, >v}, L~ (v)=#{i:r; <0,2; <v}.



3 ooooon

00 3 p000000,0000000 DR(Z,) O rdepth(6,7,) 000000 000, 000, rdepth
(6,Z,)000000 60,00000000000

DR(Z,) = argmémx rdepth(0, Z,)

004 () 002000000000000000 Oya+0y (i=1,---,k) 0 rdepth(,2,) 000000
ooo

DR(Z,) = (01.,0.).

0000000000000 000000D0000000ooonooog 7 —
000000400000 Exact 00000000 D0ODOO0OO00OOODOOD —
0000000000000 0000000D00000000D00000
0000000000000 Exact 000000000000 DOODOOO
0000000000000 0000000000000000D000o
ooo > : '
0005 () 002000000000000000 6z + 60
rdepth(0,Z,) 00000000 (i=1,---,k)0 Y

DR(Zn) = (med 01. ,med 92)

4 0O0O00O0OOOO0O

0000000 (DRE)DOUOOUOOODOOOOOOO 2000 (MSE)DOOOOO 20000 (LSE)JRank
0 0O 0 OLMS(Least Median of Squares) 0 00 0000000000000 000OO00ODO0OOOOOOOO
OO000000O00Exact 0000000000 DO0O0O0ODOO0O0ODOOO0ODODO0ODOODODOOOO
y=01x+0,+e00000e~ N(0,02) 0z ~U(-1,1)0(01,02) = (0,000 000000000 10%0 30%0
e~ N(0,c%¢%) 000 (¢ =10c=3)00000000000000000000000n =10,15,20,500
0000000 (00000 10,000 000

000 10%0000000000000000000000000000000000O0O0 MSEOOOO
O00Exact 000000 0DOOO0ODOOODOOOOOODODOODOOODOO0ODO0ORankOOODO MSEODODO
00000010000 30%00000000000000000000000000000 10%00000
0doD00oooooooooooDooood0»n=10,15000000000000 MSEODODOOODOOODO
oo0o0ooooodoooooOdoooooooo0oooDooOo0oOoOooOdoooDooOoooooogoo
ooooooooMSEOQODOOOOO

O 1: MSE of Slope (Outlier 30%)

n | LSE | RANK | LMS | DRE(Exact) | DRE(New) | DRE(Approx.)

10 | 9.3802 | 2.8195 | 5.2417 2.7628 2.5403 3.8751
15 | 6.5220 | 1.5017 | 1.4294 1.2174 1.1853 1.4621
20 | 4.2252 | 0.7753 | 0.9041 0.6378 0.6403 0.8511

50 | 1.5868 | 0.2315 | 0.3283 0.2012 0.2043 0.2652
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O NORFARIET 5 2 &2 B E U CEM SN DRI, @5, RBREHEEMEIZBW
THREDAEKE, ), BEINDHENTA AR RZENG 0 HEDN D LEREFEE THEE )
L, BEEFEICET 2 E CRHBZEET LI ERIHATINDGD, ZOFETIE, ROXH%
FiRwE LDz LR TERY  ORBEOFIMEDIER ITEN TG AIL, BEICHRBREK T
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FHEICEET LS. O, @, @ZAlfeL 5 HkEE U THERGHENH 50, —MRICHZREHE X
HRREIEAT 2 OFRBRETRIZ 2 FFRE LW, @ZERT H I ENTE 0.

—77, #EIGREFEE, O, ©, @, @FFTXTHERIZTHIHDOTHLD. LI, BWKRRRICE
WTCHIRRNTZ LE7ZFERL, TORBEERAT—V 1, AT =V 2 LKL, A7 —Y 1 ORR
ICESNWTAT =V 2 ORBRETHZFEGE L, AT —V 1 L AT =92 OFREREHITHRET
HEFHENI2 AT =2« THA LTINS, ARG TIE, ZOREIECBNT, ELoH 537
A—ZTKIT DI GHEEIEICERE H TS,

2. MEHTE

R AT CIEBIE DO TR E & K7 5851, Brannath et al. (2006) TiX, BALO®H5H/3T A —
B O] (AT —T 1 EAT—V 250G LT 12O\ T, IRAHMEEIT AL TAREL D
ZEEMLUTWD., BLOHDH/NT A= plZxf LT, AT —V1 AT — 2 DHfE% T1, To,
FANIHE LIDEGIEZ ny,ng, A7 —3 2 OFHEE SNTIEFIE A 1 &5, 7 =ng/ny &F
L& x, Bl p OREHEEMIL T = (n1T1 + fe®s)/(n1 + fig) = (T1 +722) /(1 +7) &725. Z
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R LA EREOMREARE T H7-0I0, 2 AT —UF A BT AR I 2L —1 3
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A XD DOSEHPEFRAEIC L > THEEZ R L7, S 518, FHEEIEICB W T 95% 3 X [H &
kL, BEEOBEREREZ R L (95%IEW NS 725X e e L) .
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DOl NAT AIAT 4 T P RRMEEDFTD/NS Ty, BHOA—X =635 L1F
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B 60/arm) A ITITWT iU S 9500 [T CEAEZ 48 L, —OOHEEIEDRI RITKE 171378
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1. FCHIC

BT — Z T I BV T T — Z OEUGRBEIEZ T T2 <, 2n b OEABOHEES F T ETER S TE T
%. B-Spline HJEREE CHEBIS A HEE T 5 75T Ramsay & Silverman (2005) & Ferraty & Vieu (2006) 12 & -
THIRESINTWD. LA L, B-Spline ZEERI¥72 1T T2 <, kernel BT X 2 &R OHEE 775 (Eubank, 1999
) BIAIGHEN TS, AFETIE, FA7Z BT B-Spline FEIEBI%IE & kernel 51T & 2 BIYRBIEL & 2 OE A OHE
ERICOWT, T b OMEREZ T, %,

2. BB L EBEKOHETE

n BOBE (t1,91), ., (s Yn) BDF DI, T Ny = 2(t) + e, i=1,..,n 0D EARETH. X7 K
NTy=xt)+e DEITETD. BEEET g, i =1,...,n (TPHYa, L@2R5E 0 2RO 2RI
BTHO, t;, i=1,...n TR TIA R T, a<ty <ty <..<t,<bE{RETS.
2.1 B-Spline EEBHIC & SHTE

BI%C (t) (% L C, B-Spline MEEERIKOEBI % HV T 2(t) = Yp, érow(t) = e o(t) = @7 (t)e & HEET
5. BES K OXT MV e3R8 e, ZEATHD. ¢(t) 1L B-Spline FEERIED~2 ML THSH. Ramsay &
Silverman (2005) T3 < DHEIZB W TTWWRRZ TS, FHIHBEBOHEIZIIAR TH S 972 Fik
HMERE AT VT 4 —T Fa—F (R EAUL T 70 —F) 28 LCh 5. £ 2 TIRHEE L=\ s ELHERE o
iRl ©F Y, OO 2 BEERE O 2 RO EBBICANT, HREHETE L TV D. EXINDT AT o
FH5%74 2 FFn

PENSSEy(z) = zn:{yi —2(t)}* 4+ M\ / (D*22:(t))2dt

={y—c"o(t)} {y —c"o(t)} + Ad/ (D2 ()] dt
={y— <I>c}T {y — ®c} + M\ac" Ry, 2c

ER/MET DAY FUiT éq = (BT @+ NgRyy) @7y EROBND. Z 2T, D™a(t) 2B x(t) O m B
WEKAZ KL, Ryyo = [ DIT2¢(1) D297 (t)dt 12 K x K {THIT, ® = {¢(t;)} X n x K 1751 TH 5. d 135K
DI D ETHEBBOMEERT, KRETIEd=0, 1, 2 ZEHTS. Mg 1T d BEHEKOFEHL T A—ZTh
5. 2O X5z, Fililft & B-Spline #{LTH L5 BT — # Oz, 1 SR L 2 BERuIZzZ

#(t) = " (t)eo, Di(t) = D" (H)er, D*i(t) = D*¢" (t)é (1)

2725, XoT, WA URA v N TT— X OHEEM, BLE, LONEHEEOHEEM~7 hUTEnEh,d=0,1,2
DL XEIZ

i D(t) =D (@T® + N\jRy0) 1@y = Syy (2)

DEIITEKDEND.
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n iy —2t)?  n{y” L - Seal?y}

GCV(A) = n-ltrace(I — Sy )2 {trace[l — Sy,]}?" ¥

2.2 kernel B#(C & B HFE

AfaoOT I ab—v g THOLNTE I — R VEET Gasser-Miiller #£7E & & Plug-in & TEIZN 7= 2RA 722
bandwidth TH L7z FETH D, Plug-in EO T AT Y XAAGFUTOLHIBHNTES : HDHETH/NHS A
bandwidth ORI ho ZFRET D2 EMNBITU®D, hioy ZRDFZWVEYRBIEL (F721%, SR o 2 BEERIIC
XA LT, bandwidth OR T i) bandwidth h; %3R5, MENOKET, hy BULH L, hopy BEHID.

3. YTal—3a vk BT

ARHiTIi, B-Spline FJEBEIEE & kernel 15 TRYFEES & 2 5 OERHOHERE % Huig, FEMT 5. AiE 13 HERE
BOWwE (degree) 136 &5 (order=7), Wil mONLE 25 MIREIC L7223 5, #iAOEE A 85 L, GCV Method
TR T A —F 2RO T, BB T T D kernel BIFULZ HK kernel B Gasser, Miiller & Mammitzsch
(1985) Td v, Global Plug-in Method TA{ARY72 bandwidth % K 7-.

P D FEIEIZ DWW TIE, £, HEE Sl RIR 0 2 FeRiE D)

SSE(i: li e D) — e D)?  (d=0, 1, 2) (4)

3

S OSBRI O 70% O 2 FFRAED Y, Fl21E, n = 100 DL

85

SSEn(2®) = 2o 3 (D (1) (1)) (d=1, 2 o)

=16

BRDD. N KDY 2 L— g et L CRIRBIE, M A R T, 250 SSE % SSEqq 72 & DFH)
1Y 1Y
MSSE = — Z SSE(#(®), MSSE7 = Z SSE7o(2(") (6)

THETFIEOMEZFNT 5. £, i/ 3T A —# X bandwidth IZ2WTHELET 5.

V3alb—va il T_RTOMEE ¥ = x(t;) + e, i~ N(0,0%) 1265 & L, EMlRReT VA
YRA VRt (i=1,..,n;n=100) TEHEISND. FTo, GLHERT — X OEREEE B 2 D120, FREDOIENER
TR Z TR,

VI ab—a Lo T, B-spline IEIIBEEEFRIE O I 70% TiX, kernel XY 5 LB Z 3o
7. BEAVEEIR CUX, FRIOERIMOHEEIZ OV T, B-spline {EIXFET IR L ERFERE 5 2 5. ZHUZx LT, kernel
ETROHEEMEIZTZIUTERE A LAV,

4. FLHLELSHDRE

AR T, B-spline 2JEBIEIE & kernel ?ﬁODIEI‘%F%?Jiﬁk TNODOEBEEOHEEZ Y I 2 —T g li-oTlt
Ba{ToTm, fERE LT, EMRBICNEE S 2% E T 5 B-Spline &/ BIE 13 E 48 0 H Y1355 Cld kernel 15 &
DITELSHETHIDHTNDD, I < T@él’( EEVIEHEY LRV Z &2 o 7=, B-spline IEDEF D
Ui CLET DEARF LD T2, Him OEE & ArE 2 F0H L CEUFEIM & S AHET 2 NEN S D.
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BT — X AT O - InH - B

JbEE R fEEEER 7 —
Jevi T — Z FHEEAESER KHE IESA

1. IXLHIZ

[(F—% ] ZfT L, Z2I06M60OFREES Z L%, BFE KB\ TEER
WEETHD, 22T, [F—4] LLTEDOEIYRbLOEEET DN, BITICEBT
HZHEHBRCHATE 28K (FFloar Pa—2BRE) IKGFT 5, 2o —XRENR
F oI [T =21 20 bp D TRICOBIEE LTH I Z & L TERNo T,
LorL, IEETIEE, REOBEKRITOBEE LTHH> Z ENAREICR > TE T,

X BT, B 52 RITOEME TIIRWT — X 2 ET D HIENEB SN TE -, 22M
T—4, BRINT—H, ARV v I T ER"HDH, £, Ramsay B LW
Silverman 72 EIZ XY 1990 2 A6 TREET — X fEbTIE ] DIRE I, %< O
FIZL SN TWD, BT —#MATiEICEE T 5 pcE (Ramsay and Silverman,
1997, 2005) B I OULHZ F &L ®H7-AK (Ramsay and Silverman, 2002) NHEAMZ2E
Bz b,

AHETIX, BT — ZfENTIEOEE R L OVE % OEIZ OV TR LT,

2. BT — Z M DR

WHEOT —& LT — 2 g+ 5, fEODIC, BFEOT—% & L Tnf#
DpEET—ZxeRPi=12-n, BT —%& L THEDAERNEO —ZHBIK
X(s)i=12,-n&B x5, WEEHEEZ ANRTI, BFOT7—21%X, pRILZEMICE
FANEORTHY, BT —ZIXERRICZEMICBT o nlORE LB 252 ENT
x5, £, pEET—HTIEZ b/ v i, BT —2 T2 v 2% FHT 5
T L THRENERTE, T—X AW+ RETX 5,

BT —2nEoni-ts, arva—2 R 8%FH L Tt 2 7201%. BT
— X B BRE OB TR L 72 < TIWITF v, BT — 2 fiffiTicks i 54 < OWF%ET
XA BRAE O (EFREAD) FEERR S A FIH L TR T — & 2l L T, Zhic kv Bk
T—21x, FATIREBEEOEKEF CRTE bOEERT —X LD, Tihbb,
WRMS B D EEBET — X T DINIENEDEEMFZ D,

BT — & OBE bR L O, BT — ¥ 2B REOKME T A —% TRILT 2 HED
MR T, KBS OEROS, FIHT 2 EEBEEOMEEORO ST BREE 725 Gi
A /N, 2004 72 ),

BA% T — 2 RIS 2 AN D E 2 FIIWL HO0ndb b, EbEHEAROIL, BT —#
IR SIC L ATREOFME CRILT 5 Z LT XV, W OFRKILZEHRIZE T
BHWeRFEE L FER R Eim N Tx b, o7 7 —F & L, Random Function (Lifshits,
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1995) DE 2 FEFMATHZ LR TE 5,

4. BBET — Z AT DI

BEE T — 2 fEpT i oI ABIE, #2% < @ SvTuv b, $81Z, Ramsay and Silverman

(2002) TiX, ‘BORK, ANHOBERE., FEEXF, 2 OISR E#H S TW
Do
E7z, ARE - A - K (2004) 1%, BIECERS 3T & O TEVEIBBRI ST T — &
DFFNTRE R 2 W LT D, BIRIBIMBUN RS &1, RIS H SISk L, &L
BEZBP LR D& A T THINRERA T2 HETH L, MMEEZ D20
% omm B D~ — B EZFIA LT\ 5, &~v—hOBX %, 3 RTlEMaEe 5
BT — & & Ade U CHRMT LT=,

5. BT —2EtToRE

BT — Z AT I B3 22813, FERICTERICE M TH Y, COMPSTAT < ISI
XL LT HEEESHE. M. KETEZOMRRER 2SN TS, dEL I
http://www.psych.mcgill.ca/misc/fda/lZ % % Bibliography ¥ & 0" Conferences 7 & %
BTSN,

BIT — & gt & () MSLICIRE SN, BRELTELH LT =202 L LT
Diday(1987) LI LDV v AR U v 7 T —2RH 5, iU, /EROT — X HErE DI
r—fRIL L, 2R A A TOT =2 TR T VR v I T =R ERL, TNE MR
T 2HETHDL, VoA v 77— L Tid2>0RE, Billard and Diday
(2006), Bock and Diday eds.(2000)} X OV, &1V v —F /v
http://www.jsda.unina2.it/newjsda/index.htm NEEIZ72 5,

6. BHDIZ

A TR, BT — 2 TS oW T BER i, IS, ARORED 350
BRNOBR LT, T—F 2L LTS ZLORAT - HTEBE L. EBRICKRIO
FENTIEDBRFERAENZ L B s, £lo, VoAV v 7 7 =2 RTER EFR LT 7
H—FLORELEERETH D,
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—HRIE#RTZE TIL TR A 7= ROC BhR D HE A

RILHAE - AR Bx - QREE - RS A

1 FITKAT
FERESAH CTlE, ZHENBRICBWL TREREN SERB O BEAREICHMT2 Z E8Rb b5, 2T
Eﬁﬁﬁﬁéuw%% FRWELTFD 250 ETEZ NS,

o K  HBRBIID Do TWDHHBELZIEL B - Bt 4 580,

X

o KFEE  MGIRBIZD D> TWHEELZIEL < 2k - PEBRT 20E

I3

—RIZZNDDIIEEI N L — R - A7 OBEMRICH D, b a2 IZFHET D 2 & IERR o T iR A E <
nHY, FRFCFHET 22 LN EETH L. (KE, (1 -FEE)E27ny h¥5HZ 3: IZkoTHEx bR
% ZAZEEIERFME (Receiver Operating Characteristic:ROC) ML, J&EE & R L 2 FIRF ISR 45 2 &
MWTE, BRTOMLZRHET 2 DICAWb 5. ARETHIT % ROC-GLM T, ROC Hi#RE Db D%
—f{L#RIEE T L (Generalized Linear Model:GLM) OFHA THE X, 7 /L O & & AL HER) 728 e CHET
T 5. ZOBELETE, NI A—ZOHEICE LT 2REON ML LEL LRVOT, ROC HIfROAEIC
WMot HEEETH D L2 5 (Pepe, 2004).

2 EEMEFOWHE
— R WL, LTl TiThbhs.

T - M2 Lo TR ZiE — ZRICEDHENRRL — B
— B L IREBICHIS LRRRE —  #EEekr

FEAEOREBITHRE L BZ2OHT R TREN 2L 2 ENE VA, BRREIC X 2 RAER R D RENICE
Wiz <7232 i d. ZORERRILEGEN D D WVITHERZRRETRERSIND Z L HDHN, KK
I TLEWE] ICK VBB, 37200 DEREHV | LM, 372bb RERL) I2258Nn5.
PWHRREICRBIT DREMEE Y 1T#EGEARRETEZ 55 & L, HEEBIIHN> TV D HBEDORER
RE2Yp, TOTRWVWEEOREMELZ Y, ERT. INoFENENETEE S, Sp 2L oKD
ML HED 55, BT, LEWMECIZEST, Y >c 2B, &9 Thidhuet: s e
&5, ROC H#IASEEIA FPF IS+ 2 HGMEIA TPF O v v M, AlREART_RTOLEVWET
RO-MBETHD., Z I

TPF(c) = Sp(c), (1)

FPF(c) = 5p(c) (2)

*FRIKRERZRE g TAIITER & 2 7 DAIRCH I BB L AR
PREEIHFITEBIE A RS
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ThsH. ZOLE, ROCHHBITLLTFOL ) IC#T 5.
ROC = {(Sp(c), Sp(c)), —00 < ¢ < o0} (3)
ZZT, FPR(c) =t EBE, (1) & (2) 15 ¢ ZHETNT, (3) HUTORICEL ZLNTE 5.

ROC(t) = Sp (S5'(t)), 0<t<L

3 —BEBREETILTIR A= ROC g
GLM T 272 ROC #if# LA F o X 5 izET 5.

ROC Z akhk (4)

2T, g TERERIEL, h(t) = {ha(t),. .., hi ()} IZAFEDIERE~ Y bV, o= {aa,...,ax}T 1337
5(3@6 WE, REBRE, 3'57@\@%‘ WZXFT DRMAEFERD, ENENnp L np EHEXDONDHET
228 {Ypyyi=1,...,np} E{Yp,, i =1,...,np} I&, ENENAEGFRED Sp & Sp ORFRHE
WZIRSZIZ A LT D kfﬁﬂi?‘é WE, B =I[Sp(Yp,) <t;] EXT DL, ZHI2ET—FTh
Zig, t; = Sp(Yp,) Th. ZOBEHEE ROC HROBRIEE LTS 2 LR TS,

2

E{Bz]} = PI“[SD(YD) S t]'] = ROC(tJ)

TNED, (@A) ITBWT 2EF— 4 By, i2k5 5 GLM O ADFIEFIAT5 = & S Th 5. HEMITK
LT, Sp ORib 0 ICEBAERS Sp 25, —oLE, By =185Yp,) <t;] LB ZENTES.
TobE, BEFEAIUTOLIICERLNS.

SR NV AT Y
> vlt) RoC(;) (52 ) Wit =0, )
ZZiz
- L3, ()
Y = - 2 ijy
K
nj = Z arhi(ty), (7)
k=1
ROC(t;) = g~ (n;) = wj, (8)
Op; ’ -1
wwo—(ag){MXWﬁu—ROC@»} )

Th5. (6) 1 ROC HMOBME, (7) TS T, (8) TBIETH T4 5 2 5 R y; DT, (9)
HEHESETH S,

(4) DT A — X DRAMEREL, (5) 28T A—F a ILoWTHES, T b Fisher 02 = 7 i -5
B X/ 2 RIEO GBI L VRIS,
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PEIp O I SR FEME DR HIZ DWW T

] L K2R BB BL A JE R A ] S0
] L RS2 R P BEBR B A JER SRE IR

1. IZL®IZ

VT, BREE U A7 RNT-PBR R 2D T2, 22T — X T OLBEERFEE > T 5D, FTH, 5
BRIZH T DI DR ERR EO L 51T, HBEICEONDLGT —FZIZX LT, AEICEVE T ITR O E
ZoRTHUIER (R h ARy b)) O, FEOEMT 2 DORERBETHDL, Ky FAKRy NE
OB FIESL LT, ZIVE ClOEA RFRFEPRESINTE 2, Z AT, 34 13 Echelon fi## (Myers
et al., 1997) ZF|IHT 5 Z LI L o THERR S LAV R B EHEEIZ LSV TR y M ARy M &R
THFEERRE LTS, AFETIE. BROEAERD X H AplfiZze 5 — % (2% LT Echelon f##HT
EZEMAF ¥ UREFEIZHESWEAR Yy ARy FEBRHET B HEIZOWTHRMA L, S5Imory b
2R NMEHEE O REOER AT S,

2. B A X ¥ UHEHE

ZEMA X ¥ Ukt R, HDHEBNOHRICE X ZBHEANMARICLI DO ENEZHREL, AEIC
EWVHBEEE Ry hARy b)) 2T 57200 LERRERTETHY, UTOXTEZI LD,

. (c(2)/n(2))" D {(c(G) = e(2))(n(G) = n(Z)} )
(c(G)/n(G)"”

ZIZTC, n(G)ETRTCOMEEG COREMDIE, n(Z) %K Z N TOREMDI, «(G)ETITD
TG TRMEEZFF OO, o(Z2) ZHIZ N TRIELZFFOLOOHEERT 5, KV LEOENKR
v FARy MEKZRET 27201213, ADKERMEEZ LD L0 REIRZ ORD S (AF¥ v 0k) M
BHEICR D, 2 T2, Circular scan 7% (Kulldorff, 1997). Upper level set scan 7% (Patil and Taillie,

2004). Simulated annealing scan % (Duczmal and Assuncéo, 2004) . Flexible scan #% (Tango and
Takahashi, 2005)72 D 2% ¥ VENEB STV 5,

3. Echelon fi#fr Z#FIH L7=4 > F AR v Mgt

RRDOFAERD L 9 I HIRZER] T — 2 13, G & T 2 IR AT PR 7 EWVW < OO KE D, i=1,2, ...,
kIZHBIS, T—XIX (D) THEZALND, il LT, TAVDERE ) —A a7 A4 MO
ZRSRFEAEEHRE (Sudden Infant Death Syndrome; SIDS) 7 — 4 (Cressie and Chan, 1989) %= %,
T—HE, AT AFIND 100 BRIZIBWT 1974 47 A0S 1978 4 6 A OMIICEBIRI S =T
— X Thod, ZOMOHIKZEMT —% O X 5 72356, KB OEREEHR NBD)E 5252 L1280,
Echelon T2 & = T, & OAAHRY 72 2 FE A IS CHR T 903 C& %, Echelon fif#Ti12 L v SIDS 7 —
2 ONLFRR) e & 2 KD . 0N TEREEHE DRI ESE A AF v L, ZEMAF v Uit s
DABICKEREZ R Z 2T 5, TORRE. 1 FEBOAR Y B ARy b (Most likely cluster)
X, 13 fEIkE 72D ZO L X OREAEIL 16.506, p fEIL 0.001 L72 o7z, i, 2FHDFE Y b A
N & (Secondary cluster) & LT, 6 kA FHH, £D L & OXEAEIL 15.303, p fEIZ 0.001
Llgofe, TNHORY FAR Y MEKEZK 112577,

T
e
SRR e ey

mg_vﬁhu%?gﬁé

Most likely cluster

1. Echelon scan £ E-3< SIDS F—Z Dk h AR » b
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4. DOER > N AR MEHITE L Ol
SIDS 7—# Zxt L T, Circular scan % (Kulldorff, 1997). Flexible scan 7% (Tango and Takahashi,

200501 LDy h ARy MrEFEREZNENK 2 1277,

2. Circular scan % (%[X]) & Flexible scan 7% (X)) 12#5< SIDS 7 —# DA v b AR > b

KLICINHDOFEE, Fox D Echelon (2 X2 FiED SIDS 77— DR v b AR w MR R 2R
To WTNOFEORRE S, L mMEichy ARy MBNFET D Z ENRB ST, ok
kAR v b TiE, Echelon (25 < FHEN, BEDOEWE Y b ARy M &#H Lz, EEcB VT,
Flexible scan IZ L A2 FENBEOE WA Yy h ARy & L7,

£21F, D 3OOFEORMEEL E LOIHREZ TR L TWD, Echelon (2S5 Ay hAKRy b
HEE, OPBRICE S WAy B ARy Ml alEe, (2)Z22H 7 — % OfEICFES W -k > b &
Ay MEHAFEE, QMU ICHEE AX v T 50 TR, T—X DR OBE#EEDO B — 7 )
DESEMIICAT v T 2D THEN LV, WERITCEMT — 22T 58y F ARy MRHBRESIC
720, FEBE L TRZEMA Yy b ARy bOBHRATRRIC R 572, ZhUE, EROFIETIZINEET
botz, FHERE & & HICHE/ T 28y ARy b, BEIT 258y ARy b, BRET DKy bAKR
v N EOEGT AR OFIZEITHR Yy NAR Yy NEMOWR 2 RBLT5F 52 fHEICT 5,

F 1. HBAX Y AEICEBIT S SIDS T —Z OdbE L B O A v b AR v MR HRT R

AL RS AFtsy  SIDS ¥t xHEUUE plE
Echelon scan 13 36005 123 16.506 0.001
Circular scan 15 42006 131 12.585 0.001
Flexible scan 6 9763 49 15.968 0.001

P 3 IR AEFEE SIDS % xHEULE plE
Echelon scan 6 17998 73 15.3025 0.001
Circular scan 5 16770 69 14.930 0.001
Flexible scan 8 22246 92 20.649 0.001

# 2. ZEMAF v URETRZ WL, AF ¥ URIOR Y b RR Y MaHIEO R R

B e e K ) SR .
LT T R N N
Echelon Scan W EE £& @) © O A Bl
Circular Scan R e AN O O AN H
FEHE & ©
Flexible Scan e =3 b EfH) X A O A
Bl ~

16



Jogoooboogoon

gboobooboooboogobobboaoboan
good

gooooboooobooboogbooooboooooooobooobooboboobooboooboo
goobooooboobooboobobooboobooboobobobobobobobDobDobLDoboboOoo
gooobooobooobooboboboboboboboboboboboboobobobobOobOoboDboOoo
gooooooooboooooooooooobooooooooobooboobooboboboboboD
0 00O Lehmann,E.L.(1949).” Lecture Notes on the Theory of Estimation University of California”
goboobooooooooboboooobooobooboboobooboboobbooooboboooDoo

1.000o0o0oog o

Wald(1939,1949) 000000000000 00000000000X =00000000000 6(x) € 2

O000000000ooO000ooOo00oDoOoooooO0dX)0bobooooooon
oooooooooooXxX o000 FOOOODOOOODODOOODOOOdJ0000D0000O0DO

W(F,d)0O0ODO0O0OO0O000D000000000000 §X)000o0ooooooooooo

Rs(F) = Ep {W[F,6(X)]} = / WIF,6(x)|dF(z)

000000000000 00000000000 000000 Rs(/)ODLOODUDDOOUODOOOODO
)(X)OOUoOoOoOoUooOosU00o0OoUooooD éooon

Rs(0) < Rs-(0)

00000000o0o0oO00o00éX)0oooooooooooooooUooooooooooo
Wald (1949) D00 0000000000000 000000000Gauwss(1821) 00000000000
O Gauss0O0O0OO0O0O00000O0O0O00O

2.000000000 O
0000000000 Cramér(1946)0 330000000000

() 000000000000000000000000Plackett (1949) 000000000X = (Xy,...,X,)"
00000000000000000006=(6A,...,6,)T 00000000

a1 - Q1s

Gpl - GOnps
0 EX)=A00000000000s<nO00AOOOOO SDDDDoXiXJ:cTZ(Sij goog
doododoenOODoOODOOO

(@ — A0 (z— AB) = {z; — (anby + anba+ - + a;is0,)}
=1

000000 000D

(i) 0000000 0O00000Karl Pearson 0000000000000000000000000O0
0000000000000 000000000000000000000000000000000
0D éOODDO

17


hara
テキストボックス

hara
テキストボックス


(i) 0000000000 Gauss 0000000 D00R. A. Fisher(1912,1925,1934) 0000000000
00000X 0000000 p(A,#) 0000600000 R(e,b))0000000000 (a,6)00
000000000000000X=2000000000006000000

p(0lz) = — 20D _ (a6, )

/ p(0,x)db

O000Gauss 0000000000000 000000000A00DO00OOODOONOOOO0OO
(V)00ODOODOO0. 00 Xy,...,X, 0 r0000000000p(6),...,p.(0) 0000000000
000 XO0OoooooeoDOooooooboo
— [ni — npi(0)]?
X2:Z[ (0)]
—~  np(0)

000000 40000

J.uouood o
000000000000000G0000,@G)00000, (ii)000000000 Fisher(1925), Hotelling(1930),
Doob(1934) 000 00000000000000000000000 [Wald(1949), Wolfowitz(1949) O O
000000)o

40000000000

() 000000000000 D0000000D000000000000
00000000000 E[6(X)]=6000000 §X)0000000
(i) D00D0000D000000000000000000000000

gooo

1. Lehman,E.L.(1949). Lecture Notes on the Theory of Estimation, Associated Students Store, University
of California, Berkley 4, September, 1949-50.
2. Lehman,E.L.& George Casella(1998). Theory of Point Estimation (Second Edition).Springer.
3. Wald, A. (1939). Contributions to the theory of statistical estimation and testing hypotheses. Annals
of Math. Stat., 10, 299.
4. Wald, A. (1949). Statistical decision functions. Annals of Math. Stat., 20, 165.
5. Gauss, C. F. (1821). Theorie der den kleinsten Fehlern unterworfenen combination der Beobachtun-
gen. Abhandlungen zur Methode der Kleinsten Quadrate, Berlin 1887.
6. Cramér, H. (1946). Mathematical Methods of Statistics. Princeton University Press.
7. Plackott, R. L. (1949). A histrical note on the method of least squares. Biometrika, 36, 458.
8. Fisher, R. A. (1912). On an absolute criterion for fitting frequency curves. Mess. of Maths., 41,
155.
9. Fisher, R. A. (1925). Theory of statistical estimation. Proc. Cambrigde Phil. Soc., 22, 700.
10. Fisher, R. A. (1934). Two new properties of mathematical likelihood. Proc. Roy. Soc., 144, 285.
11. Hotelling, H. (1930). The consistency and ultimate distribution of optimum statistics. Trans. Am.
Math. Soc., 32, 847.
12. Doob, J. L. (1934). Probability and statistics. Trans. Am. Math. Soc., 36, 759.
13. Wolfowitz, J. (1949). On Wald’s proof of the consistency of the maximum likelihood estimate. Annals
of Math. Stat., 19, 40.
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d(z) = log fmpn(x | A1, X1, p1) — log fupn(x | Az, X2, p2)
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x = (X1, X2, ..

K= log{02/q: }

t t,
2
TC[mg/dL]
350] )j &00
1:
[ ]
()
.« LI Y
) h
4.
AUC( ) 1 2 BMI 3
5 TC 6 TG 7 HDL
3
TC HDL
CART
TC

-’Xp)TQ %$)>H

g1 g2 1 2
ROC
TC
1 2 3
HPN | 11066
Hu | 11066
Hs | 11074
HL1 | 11076 11313 11311
HL2. | 11076  [11075) 11311

2: AIC

ROC
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ER R R AR DB O A

BLFIRE S A
FLEFNFE]

IR OYCIREE, EA, Hi#ffil EORFESEIZ L 2R ENREROHEFEROUED D
WE Y R 7 EREDOENIENHNTWS. £ 2T, TBj, 2k, 1BE, THROBROTR
TOMEIZBNT, ZOEMEKN T —Z 2T 201, JAWEKRT, MAREETHS.
FIIWCEETHEE, ERICBITS TUR7 «=wxT AN LLT, BEAREMEICET
HMEE BRI D2MEITENEBEZLOND.

ARETIE, BRBRAEEOSREEE ARG L, T 272012, BKRAEEO SR E
HL, HaRFICERT 2EKRREMBOEE 2 O L b2 2ET /L E L TRF ESS
IS RITBRR AR R Lz, ZOFET VO H 2 TEERRE O IMUECHREFERE & 295
HODEN B L TERIZEDIDIENTELZLER L. DI, EROSREH
L DIER - E AT, (EROSBREHOHTEEIC L > The b I b EREKE, 1
RAMEOHEEE O EIMESEFTM L. ZNOLDOETILVEERIC, K7V =y
FBUNVT, 2003 FEEEICA T2 8815 IO AN Ny 7 « 7F— 2 Zi M L, ZMEFAAEH L,
R L 72, ZORER, 3R ET R TOMKRAMEOSREFHAER OSBRI LV b IL <
EINlc. 202 EiE, 1EROBARICHRE SN HERORETE RV SR,
FEREOEMICHEH T 5 2 L Ofaiita R LT\ 5.

AWREOZATTHE LTI T LB TH L.

® 7T OEEN  F=XEMEIICHE D LI, EOEHL L TERTL00
ZZICHY A ANDET N THD. MEHIZET V&L, DT — % O
WEEXBLTL0MTHD. 16Kk, BRRBAEMO ML, EBSA & 2 W IR
DAPMIE ST, ERIICHWOEND Z ENEZ\W. LiL, BIGUTEBRICHE X
ﬂé:ﬂ%@@ﬁ%ﬁ@ﬁAfﬁfﬁﬁﬁ@\ﬁGEWW%ﬁﬁﬁé L, 207N
BIZH DB OMEZ T 2 Z LI ORRN B v, BRI AE 0O 2 RGP 2 5%
LA THMBEOMITIEOEMAIZHAIT LT, BKRREEO DM EZRET H 2 &5k
Ths.

® T XTHISSHTHIAT AL LRI & LR LT, BERMRAMIT AR IER
DHZ LY, ZOGMIELTND ZENEL, £, TOELORESZIKIZHT
L. ZOX RERREMEOREER X 572D, 7— XIS S TR E W 5
DOBRERTHL. WX, [T—ZIZGELED ) BETHD. ARTIE, 7—ZHEik
W3 Hi ik T o D X F 1IEH 754 (Goto et al, 1979 ; Invited paper at the 10th
International Biometric Conference)lZf& % & Tz, NFEBDAIIIR T A —
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H(RF - NTGRA=B) oG dr, EDOOTERROGMTEET D, 20K ) REfEHE
TINZOWTERETREFNE LT, O kol T om0 at, @F
TNDOFKES, QAL ETAREOLEOHO LLT S, @FtREORS Sy
MEBEZHID.

o L BT VRN T 2 EHRIBR O : AR L 512, EFmICTIE, ERSMS
SHER 340 O K 5 7R BRER A0 CRRRMRAEME O 5/ &5tk 35 2 L 3% V. KfETIE,
T RIS THHIF ERNMEEOET VERELZHET, Zhbo 34
Sl FETNVERETDHZ EICERNT 2T —XOERBRIFEY, ARE 72 8)%, o
ZET O L TOREHEMBOWITFBICESEFTM L. ZORE, ERSMAL
KEERL A & o T BLEIT BEBELR I BLE S 4 5 B 43 AT O A CEE R R A E O 5y
FizFliR 352 LI2E o T, HYDOFERBENEL. &I, ERSAMIZH & o<
HEEM O 0 IXRENIC, Bl nwx 21z LI kEnoT.

BFEMEBOLE#Z 707 4 — /L TIRZD Z & RIS I, —OOBFERER S
CICH—OSBHEHSHRES, @HINZENRZW. LL, 20X ) REMO
FrE CE WS IR 4 EEOBEITHEMA T 5 2 L1, o 7B Wiks 48 <
2. ZOME~O—>OMAIER, BRRAEMEOZE 2, EKO R AR
DT BT 4= LVTRADZLETHLD. T200, ZRGEHOREITIT LT, M,
A, EEBEREOA R RRT a7 =V EER L, BRREMEOLEIC
RETHEOREIZHETHZENEETHL. 2O &R, OWTIE HEH] I
KOS ERE M) I8 T 52 LICERD. ARTIE, TRRTOETE, FER
BAEDO AR & R 2 5 ET VA fer L.

T—AfEir A EfE) & L CTIA5 2L BEREEOS BRI, ity
Bea MRS 5. T2 20, SMUBEOBZEC, (EHEEE L BIREEOMR 722 & DR
Thd. WRKREEOSREHORETA FT74 R ETHE, ZhbORES%Z BT
ERNZHEZ TWD Z ENLZND, ZOX I RIZF TIETRBEOREEELHL Z LnE
ZAbhD. ZOXDRGE T, TTOMNTE [Him) T7e< L) & LTiL
LIEBMETHD. kO LBy, ETETAEZREKEL, TOETVEZEBICTD
Z L CMBRRIC — B A 5T 2 N TE D, AT, TR (T
IIBEDXFERGAOE LT, 26Otz —H L CRIKICIEZ D Z LN TE
DT &R LTc, FERIC, BAREBEMEOSMEZRE L, SAVEEZBK LTz, T7hbb,
EFETAEFRELTNDZ LT BMUVE) ZRZFEE LGRIITZENTERE. &6
ZiE, 7 — FESHERIENTIECR )L - #208, 2004 ; FHRBEFEHFPDZEHAT 22 L1
KU, BEEERE & PR RE O RS CA B L 72
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REERPAICED < ROCHIRDER

TN~ pRE ] T

1. FITKAT

EESFICBWNT, BT A MO OEROEEEZTTSZ 1%, EEREFO—DTHD. LI, BWES
T, WSRO ELEZ TS 57200 BTN ~—T OWRBNHFIELEEE 2> TS, £ZTiE, Faxo
WA F—T1—OFHIIZT T, K d v MATEORELZEHINTWD. 20 L X, HRKHTED
— 275 ROC Hhiff (Receiver Operating Characteristic) fift T 5. = ZTlE, MROMES, HDWIXZDOHD
FRHHERIOBLS S, EROAICE S ROCHBAIAS Ao Tng. i, FZER%TIE, Zok 22K
EEWETZEB3MmTHL. BB EREORREEZEBRT 57012, BHEMEIZSFEHREZITY, BHREOT —
ZZHRE U TIEB RIS S FIEZEA T2 FIEPERE SN TV D (Zou et al., 1998). L2xL7ZRN 6, [25H#i) (2
FEOFETIE, ROC MR D ITE A0 OHEE D O R ORI E TO— B ZRFFTE 220,

ZDD, RimXTIE, TNENOREOEBIEEBE AT — X #5054, & <IZXFIEHSA (Goto et
al.,1979,1983 : Goto & Inoue,1980) #4EiET %, ~FiEfl ROC Mo FiEARET 5. = 2o, F— 2
RUSAT &%, EROMBOMEZBIECTCXA20MTHD. ZIC LV, REBER L O BN R 550K %
RTHAICH ROC AR T2 2N TE S, &6, XFEMRSANERSMEDFETLZ 0D, BEFED
EHAR IS < ROC AR OB DOFEMIC < F EHICHE-S< ROC R E2 AT Z ENTE S,

2. ROC BR#R DAL

WE, EERRS I OCBERFICS T OREM ¢ 23, ThTh, BESMh G(x), F(r) 2 b ORMOAMITHE D
LD EEOKRAIR, LEWEWwIZEST, o> uRbEHME, £95 TRITFAEREEHESRD. 20k
X, REEELGEE W25 2 & 2E55ME (TP : True Positive), JREBIZH Db L TEELHWITH L %
&kt (FN : False Negative), B TRWI &2 IE L < &ML HBr§ 2 2 & 22 (TN : True Negative), %<
BTRWZH DO TN LAl 5 2 & 24BN (TP ; True Positive) & 9. £72, wiZiBiF 5 TP Offg
TPR(u) = Pr(z > u|D = 1) 13&E & M, FP O FPR(u) = Pr(z > u|D = 0) 1Z (1-FEE) LIRS,
Ihbi

FPR(u)=1-G(u), TPR(u)=1-F(u), (—oc0<u<o0)

TEEIND.
3. REXERMAMIZHE D ROC Ba#g

WE, SR ERRMER PND Ay, e, 02) 2> DI ST g BEOREEEREOREN {2, )72, BEIT, <FIEM
RHER PND(Ay, py, o) 2> DAl S 17 ny EOREBEOBRAENE {yi, };_1 2B XD Aasdyshasby 02,0y DEERD
k %—:‘, A(/\,/J,, O') ~1 %ﬁﬂiﬁ? Lf:%) k VC‘@, L%b‘f{ﬁu ilifﬂ“é@fg TPRPND(U) j;D\J:U\ ].—f%}ﬁ&i: FPRFNR(U) 1L

FPRpxp(u) = 1-®(2)
Ay/ha _ _
| [P} duty 1) e # 0,0y #0
Ayoy
Ay _ _
1 [ PR — Aypy — 1 Az =0,y #0
TPRpnp(u) = Ay N
1 J—
e M) e #0,0, =0
AzOy
1
1_q)<p__(uz_uy)) Ap =04, =0
(o]

THABND. 22U, z= (U(Aw)_aliw)/am p = 0z/0y, £(2) = 022 + pa, §(2) = Xab(2) +1 THD. W,
Az s Ay sl sy 0,0y VERFTE DT, ZILHDI/NT A —Z DI AHEE Ny, Ayl fiy, 0,0y THBEMNZDHZ LT,

*IIBLR Y R PeE 7 LA W98, e—mail:shimokawa@yamanashi.ac. jp
PREEIEH AL BIE A 29 H3HF 782, e—mail:gotoo@bra.or. jp
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HFRAET Th 5. Z b OBEITIE, RO HRESYE (AIC: Akaike’s Information Criteria) Z H\ 2% Z LA T
% 7. NROC it & NROC Moo a4 BI%IE, NROC ok 0 PNROC Mz @A Tx 5 2 L %
BEIRL TV,

4. BHEE

OB O M2 FRB13 5 7201, IIEGE R 30 Ak L OMEEH 23 4 OBIsT7 —Z BB & T % (Pepe,
2003). AfEHT O BIEIL, EEOBGFBINEBEORBIZTEH L TV D DENETMT2 2 Lich b.

1%, IREET — 212445 ROC #ift TH 5. NROC fiftix, EROC #hi# (FEEEI%) 225 k& <4nTn
7. ZhuZx LT, PTROC it &0V PNROC il EROC #i# I A LRk 27~ L7223y, PTROC fhifi
®O FPRIZ 0155 0255 THY, EROC #iigh H8 FoAANTW iz (RIZ, A =0911 TH D). UKL T,
PNROC i, o> 2 o ROC i L CREARMEA %7 L (K2, Ay = —1.750, A, = —0.367 TH 5).
ROC Mt DET /v (5347) OWEEINEZFAMNT 5 72912, BIEERMESMICES< AIC 253K L7z, 22T, PTROC
BRI, NEEHICE SN TN D720, moJiEE AIC 2t 5 Z LR TE 2RV, Z0O7=%H, PTROC HifrOM
BELTRFERDMOBRAT A—5% N\, =\, =\ & LIzt & T, PNROC #i#to AIC % L7=. NROC
R T AIC 1%, 568.0 TH Y, fthod> 2 FEEICH L CTHRSRICEANE P72, ZHUSH LT, A=A, =X &L
7= & Z® PNROC Hifgd AIC 1% 543.2 TH Y, PNROC Hi#o AIC 1%, 542.1 Th-o7=. 725, PNROC Hh
RO AIC e b/ NS <, B OMEEZ R LT,

5. #UITKAT

AL TIE, ROC MR ZHERT D 2 BF (IEHHRE, BER) OBELERIMICANFERM2BEST D, ~*
1EH ROC M 2R L7z, ~NFIEH ROC HhiftlE, 7 —# NEALEDMINE S Balch, BRgREGHRERL
7o, EBIT, NFEBGMBERSMEZCAREL TND Z &G, ESNTMIZE-S< ROC Hhi#g O HER o5 b 2 7F
flid o2 LnTET.

S5 Xk
WHOME £, FTT D,
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21

3.2

27 4 4
2mL 20mL 40 mL 2 20 40 mL
.8 0N
SD standard deviation stable disease single dose
- 148=>160
148 160

18

58

107 58 54.2
51 87.9 420
49 48  98.0 428

27

13



3.3

3.4

3.5

3.6

3.7

3.3

54.2
58 51 87.9
49 48 428
18
107 58
107 54.2
51 87.9 420
49 48 428
19,185 9,599 X 9,586 50.0 Y

18

AST ALT

28 U/L 31 U/L 8.0 mmol/L

17
AST 28 U/L ALT 31 U/L 8.0 mmol/L
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30



T — ZEATEREE R DL A
FHE R FEFAECER LUARFRRR

1. [FLHIC

RHENTERSE R 1L, 7V —Y 7 hu =T ThDHM, W OVER LT-MREE TLY IAZS
TNy =V WA LY, FIATE OB R b0 L) 500
DY 7 N =T B2 OHMEEEATHETICR STV THIEE Tlidlen

Ny r—=JIZE0BIMEN5 R OMREE LCiE, ISR MEHRITHRE 1 T
72< . R OFARKE(GUDRT — & N— 2O & 5 Lol 5575 & O BEHHREOMRE: E 1 D
%o AHETIE, REZZHEANCFIHT 5720 OFHEDO WL OMNIZOWTHEMN Lz,

2. RIZBF3TnY5z09

R TI7ua /7 I71EmaEThb, C X Fortran &9 L5072/ 7 I 7 HA[EET
bAHR. TUTT ISR B Y . RO LT RS T v S eFAEHITE R
DREZHRET D ENNE LR D, RbAALRBDOLLTIE S SFEOMETHH D T—
TIXEDOTITH] - BINZFREBHIAD | Do DHD, ZOMIZ bEkx RN S 5

ZOEIICRICIEFTFERDTELH D7D, R THROENEHR L7220 2 5 255>
Wi, CX Fortran T7'ue 2777 L, ROHFTCX Fortran D71 77 AZFIHT
&%, [AERIZ, C X Fortran TRlik SN7=HMEHHE T A 77 UV LFHATE L, 7V —DH
BRI A 77V e LTEFOH D GSL bHIZ X GSL O CEFEHZ A4 77 VLR TlE.C
Bz R 52 EIckVFIHTE 5, RICIXGSL TRAEASN TV D% L FEOFE %
THOBEMPHEINTWED, ZOFED INTGIBOTR)NAREHE e a0. BE Bw
HICFIT T 256 121%, B GSL O ZFIM L% a5tk L72 W GSL Zff - TR
L7 COMBREEEZ RDPOFHLIEWERNRO LWGERSH 5,
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data("Forbes2000", package="HSAUR")

Fores2000 <- subset(Forbes2000,!is.na(profits))

layout (matrix(1:2,ncol=2))

library("rpart")

forbes_rpart <- rpart(profits~assets+marketvalue+sales, data=Forbes2000)
plot(forbes_rpart,margin=.10)

text (forbes_rpart,cex=0.7)
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plot(forbes_rpart,compress=T,uniform=T,branch=0.4,margin=.10)

text (forbes_rpart,cex=0.8)
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opt <- which.min(forbes_rpart$cptablel[,"xerror"])

cp <- forbes_rpart$cptablelopt,"CP"]

forbes_prune <- prune(forbes_rpart,cp=cp)

layout (matrix(1:2,ncol=1))

plot(forbes_prune, uniform=T,margin=0.1,branch=0.5,compress=T)

text (forbes_prune, cex=0.8)

rn <- rownames (forbes_prune$frame)

lev <- rnl[sort(unique(forbes_prune$where))]

where <- factor(rn[forbes_prune$where],levels=lev)

boxplot (Fores2000$profit~“where, varwidth=T,
ylim=range (Fores2000$profit)*1.3, pars=list(axes=F)
,ylab="Profits in US dollars")

abline(h=0,1ty=3)

axis(2)
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B B % (sample, choose, factorial), #xii{tBE%k(optim, optimize), FEFRTL LA O fRIE
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Ny —Vv
705 897 ¢ IlBT 52 HEAGRAOMAET DRLERH 57,

> hypergeo<-function (N, M, n, x, phi=1) {a<-0:n;V<-sum (choose (N, a) *choose (M, n—a) *phi"a) ;

choose (N, x) *choose (M, n—x) *phi “x/V}

> p_minus<-function(phi) { s=0; for(a in 0:4) { s=s + hypergeo(32, 36, 21, a, phi) }; (s-0.05) "2}

> optimize (p_minus, ¢ (0.001, 1)) (a,n.,n,,n,)=(43236,21), 0 =0.1 OFHE
DEIIHRIIRBETHZLICL > THETHZ ENTE 5.

7o, PaROSHESR, X\ ZMELT2EIRBRISETVIZBNT, N—=2F7 1 V&
%5 L (Crump et al., 1976)

_ exp(s, + 3, log(X, +exp f3,))
" L+exp(B, + B, log(X, +exp 5,))
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TEEHERE 2T A—2DOB%(1i) & LT expression BEEIC L > TERZ L THBL &,
> dli <~ deriv3( li, ¢("b0”,”b1”), function( b0, b1, n, vy, x ) {})
> MLstage<-function(a, Ni, Yi, Xi) { addli<-adli(a[1], a[2], a[3]1, Ni, Yi, Xi);
adl I<-apply (attr (addli, “gradient”), 2, sum) ; addl|<-apply(attr(addli, “hessian”), c(2, 3), sum);
a<-a-solve(addl |, adll); a}
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An Approach to Rationalize Partitioning Sample Size into Individual
Regions in a Multi-regional Trial

Norisuke Kawai
Statistics and Clinical Programming Group, Pfizer Global Research and Development,

Pfizer Japan Inc., Tokyo, Japan

1. Introduction

In this paper, we will propose an approach to rationalize partitioning the total
sample size in a multi-regional trial among the constituent regions. We will focus on trials
where a new treatment is compared to a placebo. The primary objective is to demonstrate
that the new treatment is superior to the placebo. Two principles are important to our
discussion. First, no region can proclaim itself to be the region of interest and demand the
treatment to show a statistically significant result at the usual significance level within the
region. Second, the overall sample size is determined by the study's primary objective of
demonstrating an overall treatment effect.

In our approach, we assume that the true (but unknown) mean treatment effect is
uniform across regions. We define a consistent trend to have occurred if the point estimates
for the treatment effect in different regions are all positive. Our approach is to find the
minimal sample size for the smallest region so that there is a high probability (80% or 90%)
of observing consistent trend in treatment effect across regions if the treatment effect is

indeed positive and homogeneous across regions.

2. Probability of Observing a Consistent Trend across All Regions

We will formulate the probability of observing a consistent trend across regions.
Consequently, for a fixed number of regions and a total sample size that is determined to
achieve a desired power, the probability of observing consistent trend across regions

depends only on the allocation of patients among regions.

3. Unconditional Probability

We will examine the probability of observing consistent trend across all regions
numerically. For convenience, we will call this probability the unconditional probability to
distinguish it from the concept of conditional probability we will introduce later.

As a result, for the case of three regions, if the sample size is determined to

provide an 80% statistical power for the primary analysis, the smallest region should
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contribute at least 21.3% of the patients so that the probability of observing consistently
positive results across regions would be at least 80%. When the sample size is determined
to provide a 90% overall power for the primary analysis, the proportion of patients coming
from the smallest region can drop to 15.1% for a 80% chance to observe consistently
positive results across regions. In the latter case, if we want the probability to be at least
90%, the smallest region should contribute at least 27.7% of the patients to the

multi-regional trial.

4. Conditional Probability

So far, the probabilities discussed above are not conditional on whether or not the
overall treatment effect is statistically significant. In practice, for a confirmatory trial,
inference concerning regional results is relevant only if the overall treatment effect is
statistically significant. Because of this, we will investigate the probability of observing a
consistent trend across regions conditional on first concluding a significant overall treatment
effect at the 0.05 significance level (two-sided test).

Based on our simulations for the case of three regions, the proportion of patients
from the smallest region could be as low as 15% for us to have an 80% probability that the
observed treatment effects are consistent across the three regions, under the assumption of
a positive and uniform treatment effect across regions and conditioning on concluding a

statistically significant overall treatment effect first.

5. Concluding Remarks

When the treatment effect is positive and uniform across regions, we could still
observe a negative treatment effect in a region. What we propose to do in this paper is to
have enough patients in each region so that the chance of observing a negative treatment
effect in any region is controlled at a pre-specified level. In other words, our approach wants
to control the chance for observing a qualitative region-by-treatment interaction when the
treatment effect is positive and uniform across the regions. On the other hand, our approach
is not concerned about the chance of observing a quantitative region-by-treatment
interaction. From a regulatory perspective, interactions are often not equally important or
concerning. They state that "qualitative as opposed to quantitative interactions are the most
worrisome and difficult to interpret.” We believe that our approach could serve as a starting
point to discuss the scientific rationale for deciding the number of subjects for different
regions in a multi-regional trial. The concept behind the approach is straightforward and is
intuitively easy for people involved in planning the study to understand. The strengths of this

approach lie in its mathematical simplicity and applicability to various types of endpoints.
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