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A perfection of means, and confusion of
aims, seems to be our main problem.

—Albert Einstein

https://en.wikipedia.org/wiki/Albert_Einstein 2




Contexts

> KBAIT—SDFEHERNT | EEWRICHITIIANS
» National Research CouncillC K D ABIRESDHEEIELE
ZHIMC, RIS —45 DR DR IR 5 7R sm DR
(EDNWT. (FRIFPDEBEFRNT) EHRZITVET
» Case Study 1: Multiple Imputation by Chained Equation (MICE)
> EEOEEIIFEAICER I > RAZIKRD (C(E? ?
» Case Study 2: BitS& &4 D REFAIES — 5 DFsTH#T
> IESALRAD XA TR BBER(ICKDT —FDRA
ZEDKDCH|AERNDM? ?

3

Missing Data

> —REEVIRRETFEOERIE T SNDFETFEE. REIEU
TINRT [RANFOEDBERL., BERT—IHERIENT
W] CEZRIRELTWLD
> UDURHS, FEAEIRTORE - EERIATTICHULT,
RIS HDFT—FDRANTELD S
» REABDEIGEE(CHITBIHE, BHFAEE (Drop-out)
» BRIKFEEICHITDIEDZ, ELA
» SHAMESDRIERRZBX D7 —4
ReE
4




Lurasidone 2824H:tE%

» Lurasidone (Efa% : Latuda)
> A KRIAMEDEEE
» K[E Food and Drug Administration (FDA) (C&SULVT. 2010810
G2
» =524H5HBR (D1050006)
» TS5tk (n=49) , 40mgi%5EF (n=49) , 120mgi%52%
(n=47) D3BELLERDS > A LMELLESGRER

e Joth&ld?

» ELDEECIE ETEARBER—E@NGDET, FHED
WEEE I A e T (A TASAIRE, <TDHEULTOMNZEDRVED THEH
PHTEILFZDLD, BROBECANDIIDEL
THRALTE5SRBZEIDE, FHIBLDADED
TUFRSZEEHDFET. <ID ([CzED) ZERA
REVWDSRLEN. RICOBOBERERNZSIEEHID
MELNFERA. CNZE TTSERBIR] ELWET,

TSRE, —RRICHEE (FPL) LRRENTVEINN
KFTDIEPBEER/ZHDEDEND>TEVWNWTULELD

http://medical.radionikkei.jp/medical/suzuken/

final/021024html/index.html (http://www.takeda.co.jp/ct/placebo.html)
> EERMEROEBKRRERTIE. TSERMRCKD/INAT
RrB, K, GUVRETE AzERUIZLT. ABREDEEBEMDRZIELUSFHATSD
Fol{BDFH DN e, TSR (1A%F) ZHEEBELTRWNSZE
MNZ

6




HE 1 524 MELEEGERER

> FHRIEBED, MEEETSURE, WREBERBCS A AICEIDGTS
(O E2—ATERULEERENDS) EVWDSHRERTH 1>
» BEBEIE RA. FisherlCk> T, BEHEICHITD, 3THE (BREMT
DUIBTHER) ZBRVNT. I\ 7 ADRVEHEIZITS e (CEZ BN
> RIC. EEIPORZBPENBRN(C MREODEWERE(CEZLLTISAREZE
DfFFTZ] EUTES. BREUTRDOHEND [REREETSRDAE
RAEDZE] (&, [EEREOBRME] TR, BiC [ERERERRE(C
REDODEWEENL L, TSUREBCIREBDENEEZFNSHNOZ] &0
SHREEFDRD (CKDEDMNE LNV (= BRENMNTDBER)
> CDOESRIINA TR %ZBE. IEUVEBIROFHMAZEITDZHIC. 5>
S IMELEEGRER & WL\ DSTAFKR T B O ENSNS
7

Lurasidone Z824H:ERDFE R

Figure 1. Study D1050006 Empirical cumulative distribution functions
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Placebo SM-13496 40 mg SM-13496 120 mg
Day No LS Mean (SE) | No LS Mean (SE) | No LS Mean (SE)
3 44 -3.2(1.03) 47 4.6 (1.01) 44 5.0 (1.01)
7 44 -4.7(1.37) 47 6.2 (1.34) 44 6.9(1.37)
14 34 -5.5(1.50) 32 -11.0 (1.53) 37 -11.5(1.44)
21 26 -5.2(2.00) 26 -13.2 (2.00) 24 -10.0 (2.01)
28 18 6.5 (1.93) 2 \12.5(1.87) | 23 -12.8 (1.83)
35 15 5.9 (1.92) 17 S132(1.88) | 21 1127 (1.78)
42 17 4.1 (2.11) 17 -13.4(2.10) 19 -13.4 (2.00)
Day 42 LS Mean Difference (SE) -9.3 (2.95) -9.2 (2.89)
Unadjusted p-value 0.0025 0.0022
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Figure 2 Number of articles in the Lancet and New England
Journal of Medicine that used MI: overall and by study type.
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LOCF (Last Observation Carried Forward)
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LOCF bias

a - true treatment values
b - true control values
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d - control values altered by LOCF
) i e —————— .
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Score on outcome variable
(cognitive or functional scale)

* LOCF bias

Figure 2 Differential last-observation-carried-forward (LOCF) bias when there
are more or earlier dropouts in the treatment group than in the control group
(effect measures by LOCF [c—d] > true effect [a-b], resulting in an exaggerated
positive effect, biased in favor of treatment). Figure extracted from ref. 4.
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721 BPRS Total Score LS Mean Change from Baseline to Week 6 (LOCF-ANCOVA)
(FHEEF 1 2 A figdr.  Statistical Review (s), Table 6)

Placebo SM-13496 40 mg SM-13496 120 mg
No patients N=145 49 49 47
Baseline Mean (SD) 54.7 (8.13) 54.2 (8.93) 52.7 (7.61)
Change from LS Mean (SE) -3.8(1.57) -9.4 (1.58) -11 (1.58)
Baseline
Placebo-adjusted | LS Mean Difference | NA -5.6 (2.13) -6.7 (2.16)
Difference 95% CI NA (-9.8,-1.4) (-11,-2.5)
p-value (Dunnett) NA 0.018 0.004
BARETEH= (2014) 47

FDAEEE (C K DREHET
BwHEHEBIC RRE %
#2 2 BPRS Total Score LS Mean Change from Baseline (MMRM analysis)
(FAE I L D fifr. Statistical Review (s), Table 8)
Placebo SM-13496 40 mg SM-13496 120 mg
Day No LS Mean (SE) | No LS Mean (SE) | No LS Mean (SE)
3 44 -3.2(1.03) 47 4.6 (1.01) 44 5.0 (1.01)
7 44 -4.7 (1.37) 47 -6.2 (1.34) 44 -6.9 (1.37)
14 34 -5.5 (1.50) 32 -11.0 (1.53) 37 -11.5 (1.44)
21 26 -5.2(2.00) 26 -13.2 (2.00) 24 -10.0 (2.01)
28 18 -6.5 (1.93) 22 -12.5 (1.87) 23 -12.8 (1.83)
35 15 -5.9(1.92) 17 -13.2 (1.88) 21 -12.7 (1.78)
42 17 -4.1(2.11) 17 -13.4 (2.10) 19 -13.4 (2.00)
Day 42 LS Mean Difference (SE) -9.3(2.95) -9.2 (2.89)
Unadjusted p-value 0.0025 0.0022
BARET RS (2014) 48




EEBD XA

» BAEDIXA b MBOMEEFAEDHER ELEART, KRHERTEHIEEIEHHY
70%EIEE(CEVD, D EICKDHAEBRERNBEIRAREE (CIRBD DT TIEIRLY
EEZXD. FIEOABE, PR EEFREINZER (2HIEET SRS
BTEEEL<, WRFATDICIBFPIEETSUREEE TRES)) THoL.
INX T, MMRM&EObserved Case (0C) DATIER(ILOCFDFERZE (Wial &
BEEEUTIE) ZEFITDIEDTHD, Day3llBEOWLWITNDERICHNTHEAR
HTITSREIDERENHFSNIZ. BIREHMIER (CGI-S) DFERTEH,
AEITETISURLEDERETLHELRZ. UEXD, FIEEISEAEC &(ER
FTIEZHBDEDD, AHER(ESM-13496 (Lurasidone) (CDWTHTEMRRER S
EZ23.

HARETERS (2014) 49

Contexts

>

» Case Study 1: Multiple Imputation by Chained Equation (MICE)
> BEORETIFEFICER S > TERBAZIRD (S ? ?

>
>

50




JEEE M A DFREREFIAZT

> NADEEKRIAFR T, BEDFRER (EROB(L-AFHIRER
E) CHETIRFZEET DI E(E. TEARDEFRBEBEED
EIRI(CEEQRBRERDICH. OEDDKREMART - &
XD TLD

» Clark et al. (2001) (&. ZR[E Edinburgh® Western General
Hospital DE2ET —INR—XZHEE(C. 1189 ADINEMNAE
BDT—5 (FZHIE : 1984-1999%F) N5, FEREFDOEIED
KUOFRFRAESTILOBRE(CEHT DT ZITOTLD

51

T —INR—=AD2RFAHAR

> T—INR—RZVRFBUIE [#&A3mZE (retrospective) | (C
ITONBHART(E...

> HEMNUSD. EDQXDIRAFTZITL. FetEETICEDL DR
ZHDBRNINE(CIRD . BREICEDSNIEEETT—5
MEDHSNEDITTIEZIRNDT, EEREIRICUSLULIEKRE
IREIGTRANEEND

» Clark et al. (2001) DFERFHAFT TE. L<DEEHCZEHD
KHANSENDZEMNBEERD TV

52




RAIF—SDAHER (n=1189)

Variable Name Type Levels % missing
Albumin (outcome variable) alb Continuous (rounded) 30 33.0
Grade of tumour grade Ordinal 3 11.6
Residual disease resdis  Ordinal 3 6.8
Performance status ps Ordinal 4 42.7
Presence/absence of ascites  ascites Binary 2 5.4
Age (exact years) age Continuous 0.0
FIGO stage figo Nominal 4 1.8
Histology histol  Nominal 7 0.0
Chemotherapy regimen ctype Nominal 3 0.0
Surgery (yes/no) surg Binary 2 0.0
CA125 (a cancer antigen) cal2b Continuous - 36.7
Alkaline phosphatase alp Continuous 33.1
All variables — — — 70.1

Table 2: Variables and their missingness in the ovarian cancer dataset.

Royston and White (2011) 53

FFEFEATOERESIL

» CoxDLLHl)\H— REIEEFIL (Cox, 1972)
A(t) = Ao (®)exp(Brxy + Boxy + -+ Bpxp)

» J\HF— R (hazard; BERIDAR> NEAEXK) (CDUT, BREZE
#H (ETFETORR) EHZE=EMORBEBEGRZRE Uchl)FE
FI)L

> BFEICEET DO RR S A, (t) (CHEEDBEEAEIRE Uia<
THE Bryees B [CONTDHERIZITS ZENTED, £Z/(5A
NUwOETIL FISHUIDNGIIBEICE. HEDTEE

> BiyensBp (FEMURD (W \U— RIb) CFRT DT ENT
EBINSA—5 54




Complete-Case Analysis

p RBEMQR7TO-FELT., [EREHETREQRDIHE
2DD5. VIR EBI1DDEHEN AL TVWDEBEZFINL
JoHRMT] ZIT D EZER LD

» 238N (19.8%) DEEI(L. 4D LEDOEEMNHILTULNE

> PR EBIDOEENRAILTVWDEREICEDTIE. 831A

(69.9%) (CE T, Complete-Case Analysis Z1TDBRDY
ST X(E 1189 AM 5358 A (30.1%) (CETRALT
LERD !

55

MCARDZHME...7?

PERFORMANCE STATUS ASCITES
Es is HFTUZ EDKaplan-MeierBiR &
E - [ RAZ#FS C UTExd5RE ] dDKaplan-
£ g £y MeierHH#RDLEEL
o e log rank P < 0.002

0 1 2 3 4 5 6

Years

ALKALINE PHOSPHATASE

2 3 [BRICTHL] RANDZXALT
gs g3 KANECTNBDEFEZICS V..
53 £ 3
) g Sracy : g log rank P = 0.020

= log rank P = 0.020 2

0 1 2 3 4 5 6 0 1 2 3 4 5 6

Years Years 5 6

Fig. 1. Differences in survival of patients with and without recorded performance status, ascites. residual disease, and alkaline phosphatase, tested using log
rank methods.
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HWE: [RADTOV] ZEDDEFFA? ?

> ARBYREZR TSR E, AFTURDIILEHORAICH LT, ZER
ANEREZITOIDTERL., [XRE] EWSHFTUZEBNU TEAZ
LCWBEDERMNMNFTEITH. CNIERIERVNDTLLEDIN?

» BIX(E. A, B, CEVNDIDDOATITUNMNGD, EBRICIE. 1/3TDENT
NOAFTIVICT—INDMITBIBEDELET

> TDOEE. ENTNOHFTTUT. 20%, 30%, 50%& L\ DEEE TXRAINHGE
CoflzEUES. ESTULDM?EEHIC, [RAHFTTU] &&ITT
EEtUeETBDE. BIETHD (1/3, 1/3, 1/3) S RDNNTBENTZ
EREMNESNDCEEHESHTT

> EKRB(CIE. MCARDE & TR TIIERHRFN S ECIRSIRAVESD,
HEBITETELBA ! !

57

2B AL (Multiple Imputation)

0 0.125 1129  0.049  1.084 D_O.Sgg

1 0.694  0.602  1.018 NA :

0 0.761  1.229  0.922 0.343 1D,
PR HERORAER

0 0809 -1.464  1.089 0870 189 | =

AW ! |

1 0.327 -1.527  -1.459 NA [0-9j1|
1 0.243 1488 1449 1132 [ 1 084

58
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KRR AMNEDERTTE

» EGEE  FERRESTIL, FRESTY T

> BFTURILEE (UKE) OZXFT+ v oNRETIL

> BFZIFERWATIYURILEE IKEM F)  ZIEOTX
T+ v 2oM0RETIL

» BFZEFDOHTTUHILEE (KEN )  ZLIEODX
S wOMORETIL, AV XEFIL

> TOM  ILOTEEES T HILIDE, NAZGR GEN)
J—hXSYITE RE

White et al. (2011) 59

SRAZENEETILIC KDRAELERRK

> RAILZERER/REHELUT, BllSNTVWST—4T.
ZONMZEHRBITDEIFETILZED

X1 =V1F VX +y3xz + -+ VX

> RNZHECK DO THESNZEIENIC, HESNIZRED
e LRESE T, Xy RAILEZRED X; OFANEZELEL
(CRODTHREED

> COFHEZ., KAEEUTRHWSEWDSHE

60




FRIEE Y F> 0

> EFETILICKBDEETHESNZOIRR EEREDEUC(EER
EMES GREDDMNERDHSIMNDBC EE)
» Plausible CIRUVMENNERESND CEBEHAHDD

» KDPlausible/RMEICIEDITBZH(C, EE=NZERENS
FHland [FAFEE] ([SGEWETAHEN S SN TUL\DMtdR]
KE BIXE, EWIECSAN) OF—IM5, #xEZS>S
LBV ED (RyFooEED) EWDHE
» Hot-deck Imputation& W\IDN DT HE

> =L —2 3> RREICKDIZRENIREFHMETE., BEEHNICR

IFIMEREZE T DA THD T ENHMBNTND o

O X7« wOEIBETILICK DN ABELER

p REZEFESTILERIC LS, RAUZESRZ-ERERELUT,
BHAESNTVDT—HT. TODMmZHAITIMEEET /L=
({3

loglt Pr(Xl = 1) = yl +y2x2 +y3x3 + .- +yqxq

> RAUEICKD CTHEESNITHEERE 7 & ED#EHAHEDEITIID
WEMEV (T LT, MYN®@, V) BSELE yO, ..,y M EFLE
2. INZzplug-inLTz EEBDOP A7« wo0lIRDFHIT
s, ZAILEE X, OFEE ((RAE) Z4E/MRT D

» ZIEO X w2o0E, A Y XEFTILEBREER 62
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BN AMEDERTTEDE R

b CCETHATER, AIFEFIVLICKBAERETIE. RE
EUT. RAZERCIEHM DDA THDCEEBELTUL
D (SAS, RIREICEEETNTVWBRY I I T’ TH)

» U U, —IRQEE - EERIAFR T, RAlZER TN
1DDHENDHEEDIVVIRRE. (FEAEHDDFRLN

» Clark et al. (2001) DIFENAATR TH., BE S EICTEE
IREAHENDE TEROEEIC AN D T

> CDOBE. [RAZEHOTFRDEHDEINIFETIL] DERAZE
BRI D ECIRD, RABEDFRIDZHDETILTE.

FERACHEENDCE[CHEO>TULED ? ? 63

BEDZECRAIN D BEXTE (Example)

X, X, X, X, Xs

0 NA 1.129 0.049 1.084
1 0.694 NA 1.018  -1.240
NA -0.761 1.229 0.922  -0.343
0 -0.809  -1.464  1.089 NA
NA NA 1527 -1.459  1.084
1 -0.243  -1.488 NA -1.132

64
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EEHGEINCKDZENRAIE (MICE)

» Multiple Imputation by Chained Equation (MICE)

> BEOZIICTITN > T ZERANECKDHFE R ZITDITD
DITEE U TCTRFESNITIE

> BEARMICE. CCEFTHIPBULLZERANEDTZIILITV L%Z
HAENEDZEICKDTEITIDIENTES

> BAC LIS, ERDEHENDE TEROEZLRICRANE D
TWCHEBERTDICENTED

> RAZEZ U TVWDIEHDENERDTVT, BERB3RAE
DERITENNEESNDBEICHE. BRIDIENTED

White et al. (2011), Royston and White (2011) 65

MICE([CHEE LT3R DIRTE

» Fully Conditionally Specified (FCS) ODIRTE
> X1, X, o, Xp EWDERODIRIE. T/NTDEEN
D (p — 1) BEDEEICE DT, BEVDDHETEIC
SHEAT B ENTEDEVDIRE
> X, DBT(E Xy, X3, .., X, CRE(CHATED
> X,DDTIE X1, X3, ..., X, CREICHATED
> ...

66




MICED 7))L T U X LD

> FCSOIRFEDEET. Xy, Xy, .., X DTNTNDEEICDNT
DFTEIEZNERR D (C GEHMC) Ep L TL<
> X (CDWTCTORABZERKT DS

> Xy Xa oo X, DRAMBIC(E, 1B SRIOMFEEE ANTHE,
ZORUNRBEST —5(CHUT, X,OFHTES L EEE
T3

> X, [CDWCoOmMZMEZEIEERL (BIFEFTILICKDGE,
TR F IR ET) . SN%ZCurrentdDfiEE UTE
195

67

REVRDOARTET —H

X, X, X, X, Xs
0 NA 1.129 0.049 1.084
1 0.694 NA 1.018  -1.240
NA -0.761 1.229 0.922  -0.343
0 -0.809  -1.464  1.089 NA
NA NA 1527 -1.459  1.084
1 -0.243  -1.488 NA -1.132

68
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Initial Setting
_

0.694 1.129 0.049 1.084

1 0.694 -1.527 1.018 -1.240
1 -0.761 1.229 0.922 -0.343
0 -0.809 -1.464 1.089 -1.240
0 -0.809 -1.527 -1.459 1.084

1 -0.243 -1.488 0.049 -1.132

69

Cycle for X;
_

0.694 1.129 0.049 1.084
1 0.694 -1.527 1.018 -1.240
NA -0.761 1.229 0.922 -0.343
0 -0.809 -1.464 1.089 -1.240
NA -0.809 -1.527 -1.459 1.084
1 -0.243 -1.488 0.049 -1.132
X, DFAETILD

e .




Cycle for X,

X, X, X, X, Xs

0 NA 1.129 0.049 1.084
1 0.694  -1.527  1.018  -1.240
1 -0.761 1.229 0.922  -0.343
0 -0.809  -1.464  1.089  -1.240
0 NA 1,527 -1.459  1.084
1 -0.243  -1.488  0.049  -1.132

71
( ; 3 X, DFRETILDIEE

Cycle for X5
_

0.521 1.129 0.049 1.084
1 0.694 NA 1.018 -1.240
1 -0.761 1.229 0.922 -0.343
0 -0.809 -1.464 1.089 -1.240
0 0.023 -1.527 -1.459 1.084
1 -0.243 -1.488 0.049 -1.132

' 7§ e 72




MICED77)L T U XD

> LU EDEHNRTIVIT VXL X1, Xy, ., Xp [CNEERD (THED
WUTWHWE, MBORAED B Z VERK
» Multiple Imputation by Chained Equation (MICE)

> XERN (CRIFIAMREZIF DAECHDIZEEHSNTETSH
D, BRENRY I NI VICEERSINTETLD
» SAS PROC MI: fcs statement
» R, S-PLUS library: mice
» Stata module: ICE

73

R example: Complete-Case Analysis

phl <- coxph(Surv(t, d) ~ age + figo + grade + histol + ascites + ps + resdis + log_cal25 + log_alp, data=tgce)
summary(ph1)

Call:
coxph(formula = Surv(t, d) ~ age + figo + grade + histol + ascites +

ps +resdis +log_cal25 + log_alp, data = tgce) (&C/\,éf?/'\‘t@ﬁ:ﬁéfyj l\(;\ ;“jj)l/ '\_C

n= 362, number of events= 248 g — . Pr—
(627 observations deleted due to missingness) KiBl7—45 %R L. Complete-Case AnalysisZ{TD
coef exp(coef) se(coef)  z Pr(>|z|)
age 0.017297 1.017447 0.006798 2.545 0.010943 *
figoll 0.869917 2.386712 0.377383 2.305 0.021159 *
figolll 1.388945 4.010617 0.325320 4.269 1.96e-05 ***
figolV 1.762204 5.825262 0.372662 4.729 2.26e-06 ***

grademoderately differentiated 0.248357 1.281918 0.344870 0.720 0.471434
gradepoorly differentiated 0.118153 1.125416 0.325479 0.363 0.716596

histolAdenocarcinoma 0.428714 1.535282 0.724775 0.592 0.554176
histolEndometrioid -0.039115 0.961640 0.315038 -0.124 0.901188
histolMesonephroid (clear cell) 0.535352 1.708049 0.274731 1.949 0.051338 .
histolMixed mesodermal 1.383109 3.987278 0.410101 3.373 0.000745 ***
histolMucinous -0.265081 0.767144 0.173456 -1.528 0.126455
histolUndifferentiated 0.356664 1.428555 0.443565 0.804 0.421349
ascitespresent 0.298751 1.348174 0.164309 1.818 0.069029 .
psl 0.150572 1.162499 0.152834 0.985 0.324525

ps2 -0.032588 0.967938 0.225161 -0.145 0.884924

ps3tod 0.832012 2.297938 0.443744 1.8750.060795 .

resdis2-5 cm -0.028585 0.971820 0.190122 -0.150 0.880488

resdis<2 cm -0.567408 0.566993 0.189456 -2.995 0.002745 **

log_cal25 0.062361 1.064347 0.049242 1.266 0.205366

log_alp 0.477335 1.611773 0.175360 2.722 0.006488 ** 74

Signif. codes: 0 *** 0.001 **' 0.01 *'0.05°."0.1°" 1
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R Example: MICE

library(mice) # mice EWSI\WH 2% 55HAD (install.package(“mice”) TAVAR=ILTED)

predmtl <- (1- diag(1, ncol(tgce)))
predmtl[c(1,11,12),] <- predmtl[,c(1,11,12)] <- O
# RABEOERETILICENWT, TNTNOEHDOFRETILOHRPEHOEE ((THIRZ)

imp.tgce <- mice(tgce, m=200, predictorMatrix=predmt1 , seed=34871)
# WSTEOERECDVTIE. RE (STTETIAI bDFHEEZETDOFEFEHEA)
#m (F. RABOHEDE (TIAIKTIEETHDN, T TIF200&ELTND)
# predictorMatrix T. FAETILICEDDEHOMBZIEELTLD
#seed (. BEED>—K

complete(imp.tgce, 5) #5 ZEBDimputed dataset  Z=H 7]
ph2 <- with(imp.tgce, coxph(Surv(t, d) ~ age + figo + grade + histol + ascites + ps + resdis +
log_cal25 + log_alp))
# WRBEOT -5ty b (ME) O ; CoxEllF
pool2 <- pool(ph2)

round(summary(pool2),3)
# MIBDFATIERDHTE SHERDFRR 75

ail

Imputed DatasetdDAER

Multiply imputed data set

Call:

mice(data = tgce, m = 200, predictorMatrix = predmtl , seed = 34871)
Number of multiple imputations: 200

Missing cells per column:

patno age figo grade histol  ascites ps r esdis log_cal25 log_alp d t
0 0 21 139 0 65 511 81 440 396 0 0
Imputation methods:
patno age figo grade histol ascites ps r esdis log_cal25 log_alp d t
" "polyreg" "polyreg" " "logreg " "polyreg” "polyreg” "pmm"  "pmm"
VisitSequence:
figo grade ascites ps resdis log_cal25 log_ alp
3 4 6 7 8 9 10
PredictorMatrix:
patno age figo grade histol ascites ps resdis log_cal25 log_alp dt
patno 000 O O 00 O 0 000
age 000 O O 00 0 0 000
figo 010 1 1 11 1 1 100
grade 011 0 1 11 1 1 100
histol 000 O O 00 O 0 000
ascites 011 1 1 01 1 1 100
ps 01 1 1 1 10 1 1 100
resdis 011 1 1 11 0 1 100
logcal2s 01 1 1 1 11 1 0 100
log_alp 011 1 1 11 1 1 000
d 000 O O 00 0 0 000
t 000 O O 00 0 0 000
Random generator seed value: 34871 76




RABDERRSEDATZ 3> (R: mice)

Method Description Scale type Default
pmm Predictive mean matching numeric Y
norm Bayesian linear regression numeric

norm.nob Linear regression, non-Bayesian numeric

mean Unconditional mean imputation numeric

2L.norm  Two-level linear model numeric

logreg Logistic regression factor, 2 levels Y
polyreg  Multinomial logit model factor, >2 levels Y
polr Ordered logit model ordered, >2 levels Y
1lda Linear discriminant analysis factor

sample Random sample from the observed data any

Table 1: Built-in univariate imputation techniques. The techniques are coded as functions

named mice.impute.pmm(), and so on.

van Buuren and Groothuis-Oudshoorn (2011)
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Original Dataset

©ONOUAWN R

[
15}

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

patno
145.67830
270.10815
382.65572
4 46.98426
5 65.72485
6 38.33265
751.10746
863.72074
9 44.06845
10 42.57358
11 60.49007
12 56.50103
13 67.51814
14 57.42368
15 45.28405
16 71.59753
17 64.79398
18 67.26900
19 48.37235
20 57.04038
2159.67693
22 43.38398
23 55.67967
24 76.51746
2560.61328

Mucinous present 0 <2 cm 4.8520

sonephroid (clear cell) present <NA> <2 cm N

Adenocarcinoma absent 1 <2cm 2.1972

age figo grade histol ascites
| <NA>
11l moderately differentiated Serous papillary absent 0 >5cm
Il poorly differentiated Me
1l poorly differentiated

Serous papillary present  12-5cm 5.3471
Serous papillary absent 1 >5cm 7.4324

IV moderately differentiated Serous papillary present 0 >5cm

| well differentiated Serous papillary present <NA> <2 cm
Il poorly differentiated
1l poorly differentiated

| poorly differentiated

Il poorly differentiated

I well differentiated

I well differentiated

Il poorly differentiated

Il poorly differentiated

Il well differentiated
<NA> <NA>

| moderately differentiated
1l moderately differentiated
Il poorly differentiated

Il poorly differentiated

I well differentiated

Il poorly differentiated

| moderately differentiated

| poorly differentiated

I well differentiated

Mucinous absent 0 <2cm 3.3672
Serous papillary present <NA> >5 cm
Endometrioid present 0 <2cm N
Endometrioid present 1 <2cm 2.94443
Mucinous absent 0 <2cm 3.6375
Serous papillary absent 12-5cm 7.9895
Serous papillary present 0 <2 cm 4.6977
Adenocarcinoma present 3to4 >5 cm
Mucinous present <NA> <2 cm 5.2094
Serous papillary present 1 >5cm 3.9702
Mucinous absent 12-5cm 5.9454
Serous papillary present 0 <2 cm
Endometrioid absent <NA> <2 cm NA
Serous papillary absent 0 <2cm 3.9318
Endometrioid absent 0 <2cm 2.484907
Serous papillary absent 0 <2cm 6.8362
Serous papillary absent <NA> <2 cm 4.7874

ps resdis log_cal25 log_alp d t

303.737670 0 7.1485284
NA 4.330733 1 1.1690623
A NA 1 2.2532512
254.234107 1 2.3983573
NA 4.248495 1 1.4510609

NA NA 0 9.4565366
07 4.663439 1 1.0239562
845.187386 1 0.5585216
96 4.317488 0 11.0171116
NA NA 1 2.3791923
A5.411646 1 13.2621492
94.418840 1 6.9103354
86 4.682131 1 4.5229295
614.174388 1 1.1033539
49 4.430817 1 1.5633128
NA 4574711 1 0.4982888
86 NA'1 9.3032170
92 4.189655 1 2.6967830
214.094345 1 1.7138946
NA 4.605170 1 5.3661875
NA 010.4613279
26 4.488636 0 11.9041752
4.488636 1 0.8788501
59 NA1 2.1574264
92 NA'1 2.8966461
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The

patno
145.67830
270.10815
382.65572
4 46.98426
5 65.72485
6 38.33265
7 51.10746
863.72074
9 44.06845
10 42.57358
11 60.49007
12 56.50103
13 67.51814
14 57.42368
15 45.28405
16 71.59753
17 64.79398
18 67.26900
19 48.37235
20 57.04038
2159.67693
22 43.38398
2355.67967
24 76.51746
2560.61328

5th Imputed Dataset

age figo grade histol ascites ps resdis log_cal25 log_alp d t
| moderately differentiated Mucinous present 0 <2 cm 4.85 2030 3.737670 0 7.14852841
11l moderately differentiated Serous papillary absent 0 >5cm 5.52 9429 4.330733 1 1.16906229
Il poorly differentiated Mesonephroid (clear cell) present 1 <2 cm 4.158 883 4.595120 1 2.25325120
I poorly differentiated Adenocarcinoma absent 1 <2cm 2.19 7225 4.234107 1 2.39835729
IV moderately differentiated Serous papillary present 0 >5cm 3.25 8096 4.248495 1 1.45106092
| well differentiated Serous papillary present 0 <2cm 4.20 4693 4.189655 0 9.45653662
Il poorly differentiated Serous papillary present 1 2-5cm 5.34 7107 4.663439 1 1.02395619
I poorly differentiated Serous papillary absent 1 >5cm 7.43 2484 5.187386 1 0.55852156
| poorly differentiated Mucinous absent 0 <2cm 3.36 7296 4.317488 0 11.01711157
Il poorly differentiated Serous papillary present 0 >5cm 5.45 5321 4.488636 1 2.37919233
| well differentiated Endometrioid present 0 <2cm 2.701 361 5.411646 1 13.26214921
1 well differentiated Endometrioid present 1 <2cm 2.944 439 4.418840 1 6.91033539
Il poorly differentiated Mucinous absent 0 <2cm 3.63 7586 4.682131 1 4.52292950
Il poorly differentiated Serous papillary absent 12-5cm 7.98 9561 4.174388 1 1.10335387
1} well differentiated Serous papillary present 0 <2 cm 4.69 7749 4.430817 1 1.56331280
IV poorly differentiated Adenocarcinoma present 3to4 >5cm 8.18 7577 4574711 1 0.49828884
| moderately differentiated Mucinous present 0 <2 cm 5.20 9486 4.927254 1 9.30321697
11l moderately differentiated Serous papillary present 1 >5cm 3.97 0292 4.189655 1 2.69678302
Il poorly differentiated Mucinous absent 12-5cm 5.94 5421 4.094345 1 1.71389459
Il poorly differentiated Serous papillary present 0 <2 cm 4.60 5170 4.605170 1 5.36618754
I well differentiated Endometrioid absent 0 <2cm 4.1271 34 5.323010 0 10.46132786
Il poorly differentiated Serous papillary absent 0 <2cm 3.93 1826 4.488636 0 11.90417522
| moderately differentiated Endometrioid absent 0 <2cm 2.4849 07 4.488636 1 0.87885010
I poorly differentiated Serous papillary absent 0 <2cm 6.83 6259 5.780744 1 2.15742642
| well differentiated Serous papillary absent 0 <2cm 4.78 7492 5.068904 1 2.89664613
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Cox

Regression for the 5th Imputed Dataset

Call:
coxph(formula = Surv(t, d) ~ age + figo + grade + hi stol + ascites + ps + resdis +log_cal25 + log_alp)

coef exp(coef) se(coef) z  p
age 0.02315 1.02342 0.00355 6.51 7.3e-11
figo2  0.68788 1.98948 0.16169 4.25 2.1e-05
figo3  1.19456 3.30211 0.13852 8.62 < 2e-16
figo4  1.23582 3.44119 0.16746 7.38 1.6e-13
grade2  0.24470 1.27724 0.15931 1.54 0.1245
grade3 0.27934 1.32226 0.15447 1.81 0.0705
histol2  0.23577 1.26588 0.19404 1.22 0.2244
histol3 -0.06239 0.93952 0.15968 -0.39 0.6960
histol4 0.35199 1.42190 0.13625 2.58 0.0098
histol5 0.82749 2.28757 0.18033 4.59 4.5e-06
histol6 -0.21044 0.81023 0.10158 -2.07 0.0383
histol7 0.22521 1.25259 0.24151 0.93 0.3511
ascites2 0.37842 1.45997 0.08382 4.51 6.3e-06
ps2 0.09476 1.09939 0.08883 1.07 0.2861
ps3 0.22873 1.25701 0.11694 1.96 0.0505
ps4 0.67439 1.96284 0.15084 4.47 7.8e-06
resdis2 -0.14265 0.86706 0.10427 -1.37 0.1713
resdis3 -0.65520 0.51934 0.10645 -6.15 7.5e-10

Fd = — -
log_cal25 0.03206 103258 0.02736 117 0.2413 )\’EMIE% l_anUte L& (; &2 __C‘_ N
log_alp 037301 1.45210 0.07997 4.663.1e-06 IRTCTDOT—SI=ZFHWNCEREITOCENTEDS

Likelihood ratio test=744 on 20 df, p=0
n= 1189, number of events= 842
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Cox Regression for the 25th Imputed Dataset

Call:
coxph(formula = Surv(t, d) ~ age + figo + grade + hi stol + ascites + ps + resdis +log_cal25 + log_alp)

coef exp(coef) se(coef) z p
age 0.02261 1.02287 0.00354 6.38 1.7e-10
figo2  0.56968 1.76770 0.16207 3.51 0.00044
figo3  1.23025 3.42208 0.13846 8.89 < 2e-16
figo4  1.31465 3.72345 0.16522 7.96 1.8e-15
grade2 0.51168 1.66809 0.16442 3.11 0.00186
grade3 0.54567 1.72576 0.15930 3.43 0.00061
histol2  0.20187 1.22369 0.19102 1.06 0.29060
histol3 -0.00814 0.99189 0.15886 -0.05 0.95914
histol4 0.34285 1.40895 0.13779 2.49 0.01284
histol5 0.82787 2.28843 0.18256 4.53 5.8e-06
histol6 -0.16791 0.84543 0.10251 -1.64 0.10143
histol7  0.48894 1.63059 0.23860 2.05 0.04044
ascites2 0.30533 1.35708 0.08322 3.67 0.00024
ps2 0.04053 1.04136 0.08671 0.47 0.64021
ps3 0.14208 1.15267 0.12043 1.18 0.23808
ps4 0.68841 1.99054 0.14888 4.62 3.8e-06
resdis2 -0.16324 0.84939 0.10225 -1.60 0.11039
resdis3 -0.64448 0.52494 0.10337 -6.23 4.5e-10
log_cal25 0.01870 1.01888 0.02752 0.68 0.49687
log_alp 0.38169 1.46476 0.07808 4.89 1.0e-06

Likelihood ratio test=738 on 20 df, p=0
n= 1189, number of events= 842
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Cox Regression for the 50th Imputed Dataset

Call:
coxph(formula = Surv(t, d) ~ age + figo + grade + hi stol + ascites + ps + resdis +log_cal25 + log_alp)

coef exp(coef) se(coef) z  p
age 0.02311 1.02338 0.00354 6.54 6.4e-11
figo2  0.64665 1.90913 0.16135 4.01 6.1e-05
figo3  1.20136 3.32463 0.13920 8.63 < 2e-16
figo4  1.23283 3.43093 0.16710 7.38 1.6e-13
grade2 0.32350 1.38195 0.16105 2.01 0.04457
grade3  0.45357 1.57392 0.15582 2.91 0.00361
histol2  0.11690 1.12401 0.19141 0.61 0.54137
histol3 -0.03584 0.96480 0.16119 -0.22 0.82405
histol4 0.28343 1.32768 0.13830 2.05 0.04042
histol5 0.76061 2.13958 0.18172 4.19 2.8e-05
histol6 -0.23698 0.78901 0.10187 -2.33 0.02000
histol7 0.35975 1.43297 0.24124 1.49 0.13589
ascites2 0.33703 1.40078 0.08308 4.06 5.0e-05
ps2 0.10642 1.11229 0.08629 1.230.21748
ps3 0.23393 1.26355 0.11923 1.96 0.04976
ps4 0.89309 2.44266 0.15248 5.86 4.7e-09
resdis2 -0.10031 0.90456 0.10355 -0.97 0.33268
resdis3 -0.67208 0.51064 0.10298 -6.53 6.7e-11
log_cal25 0.01057 1.01063 0.02702 0.39 0.69551
log_alp 0.26331 1.30123 0.07178 3.67 0.00024

Likelihood ratio test=739 on 20 df, p=0
n= 1189, number of events= 842
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5Tl M DERTE

> PIEAOHBIZE T, MhE M (I3-5BI TR THdDESN
T (BIZ (L. Rubin (1987))

> BEEELSERTEMRESINIC1970-80FERT(E. +720H%
BEZIFDETEMN IR, MERESKUIEBETOTER. ]
EHEEUVUCREZEEVWDSESEED O

> MEREL EBIFE., EFBXM - PEOIBIEE (& <D
p INESTFTETDE EMRBEENN T THIARENE

> RIADXEATI(E. IEHERIETE - REZITDIEHIC,
100~1000[B]DA =5 —(CEB T EZENDTLNDEDEZL)

Carpenter and Kenward (2013), Royston and White (2011) 83

R example: MICE Output

> round(summary(pool2),3)

est se t df Pr(>|t|) lo 95 hi95 nmis  fmi lambda
age 0.024 0.004 6.436 77589.144 0.000 0.016 0.031 00.049 0.049
figo2  0.6330.165 3.830 79236.415 0.000 0.309 0.956 NA 0.048 0.048
figo3  1.184 0.143 8.278 48394.035 0.000 0.904 1.465 NA 0.062 0.062
figo4  1.246 0.175 7.129 23140.643 0.000 0.904 1.589 NA 0.092 0.092
grade2  0.384 0.173 2.218 14749.187 0.027 0.045 0.723 NA0.115 0.115
grade3  0.437 0.167 2.608 16488.140 0.009 0.109 0.765 NA 0.109 0.109
histol2 0.181 0.204 0.888 16983.350 0.375-0.219 0.581 NA 0.107 0.107
histol3 -0.031 0.165 -0.188 59966.434 0.851-0.354 0.292 NA 0.056 0.056
histol4 0.3250.142 2.284 50458.739 0.022 0.046 0.603 NA 0.061 0.061
histol5 0.802 0.190 4.214 29427.975 0.000 0.429 1.174 NA0.081 0.081
histol6 -0.206 0.104 -1.975 104717.958 0.048 -0.410 -0.002 NA 0.041 0.041
histol7 0.3330.267 1.248 5984.292 0.212-0.190 0.856 NA 0.182 0.182
ascites2 0.334 0.089 3.750 16858.463 0.000 0.159 0.508 NA 0.108 0.108
ps2 0.106 0.101 1.048 3096.892 0.295-0.092 0.304 NA 0.253 0.253
ps3 0.207 0.144 1.443 2083.436 0.149-0.074 0.489 NA 0.309 0.309
ps4 0.628 0.209 3.001 949.924 0.003 0.217 1.039 NA 0.458 0.457
resdis2 -0.116 0.112 -1.035 11215.134 0.301-0.336 0.104 NA 0.132 0.132
resdis3 -0.650 0.112 -5.801 9575.774 0.000-0.870 -0.431 NA 0.144 0.143
log_cal25 0.0310.031 1.008 2997.766 0.314-0.030 0.092 440 0.258 0.257
log_alp 0.3310.096 3.428 1675.250 0.001 0.142 0.520 396 0.345 0.344
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BEMTIEESR D LEER @

CCA (n=362, # deaths=248) MICE (n=1189, # deaths=842)
HR 95%Cl P-value HR 95%Cl P-value
Age (years) 1.02 1.00 1.03 0.011 1.02 1.02 1.03 < 0.001
FIGO stage
| 1.00 1.00
1] 2.39 1.14 5.00 0.021 1.88 1.36 2.60 < 0.001
[} 4.01 2.12 7.59 < 0.001 3.27 2.47 4.33 < 0.001
IV 5.83 2.81 12.09 < 0.001 3.48 2.47 4.90 < 0.001
Grade

| 1.00 1.00
Il 1.28 0.65 2.52 0.471 1.47 1.05 2.06 0.027
1] 1.13 0.59 2.13 0.717 1.55 1.11 2.15 0.009

TCCA: Complete-Case Analysis, MICE: Multiple Imputation by Chained Equation
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FEITIGERDLEER @

CCA (n=362, # deaths=248) MICE (n=1189, # deaths=842)
HR 95%Cl P-value HR 95%Cl P-value
Histology
Serous papillary 1.00 1.00
Adenocarcinoma 1.54 0.37 6.36 0.554 1.20 0.80 1.79 0.375
Endometrioid 0.96 0.52 1.78 0.901 0.97 0.70 1.34 0.851
Clear cell 1.71 1.00 2.93 0.051 1.38 1.05 1.83 0.022
Mixed mesodermal 3.99 1.78 8.91 0.001 2.23 1.54 3.24 < 0.001
Mucinous 0.77 0.55 1.08 0.126 0.81 0.66 1.00 0.048
Undifferentiated 1.43 0.60 3.41 0.421 1.40 0.83 2.35 0.212
Ascites
Absence 1.00 1.00
Presence 1.35 0.98 1.86 0.069 1.40 1.17 1.66 < 0.001

TCCA: Complete-Case Analysis, MICE: Multiple Imputation by Chained Equation
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BEMTIEERDLEE G

CCA (n=362, # deaths=248) MICE (n=1189, # deaths=842)
HR 95%Cl P-value HR 95%Cl P-value
Performance status
0 1.00 1.00
1 1.16 0.86 1.57 0.325 1.11 0.91 1.35 0.295
2 0.97 0.62 1.50 0.885 1.23 0.93 1.63 0.149
3+4 2.30 0.96 5.48 0.061 1.87 1.24 2.83 0.003
Residual disease
>5cm 1.00 1.00
2-5cm 0.97 0.67 1.41 0.880 0.89 0.71 1.11 0.301
<2cm 0.57 0.39 0.82 0.003 0.52 0.42 0.65 < 0.001
Log CA125 1.06 0.97 1.17 0.205 1.03 0.97 1.10 0.314
Log alkaline phos. 1.61 1.14 2.27 0.006 1.39 1.15 1.68 0.001

TCCA: Complete-Case Analysis, MICE: Multiple Imputation by Chained Equation
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Some Remarks

> IEEDIARTRICKD., EBHNZEMN B (RIS NDEMAFE
PUREN THDEENRSINTULD

> 212, Z< DOMEEFHIETAZE T, DR DIAEREMAF T TRIFR
BAEMNRENTLND (Wi &6, EEKBI(C (S Favorable or
AcceptableTH 2 Z ENZLY)

» Fio, BEOERCEEH > TRANMRE D LS —HZHR
FHTT. ANRY I bDTI7HFEELTONDED RN
ETHD., £S5, ERTHEFIFIEALTULKZEN
FEEN3

White et al. (2011), Royston and White (2011) 88
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Contexts

>
>

4
4
» Case Study 2: BitS& &4 D REFAIES — 5 DFsTH#T
> IESALRAD XA TR BBER(ICKDT —FDRA
HEDELDITHRAERVDM? ?

89

ACTG193A5R

» AIDS Clinical Trials Group (ACTG) (C&D> T. 1990 (CKE
TITHONIZEEAREER (Henry et al., 1993)
> 1313 ADENE (T UT., 4FEEDFEEREREERIOHAE
5 RBBELEES Y ACEIDMT
» CCTCl&. Zidovudine, Didanozine, Nevirapine® 3% FEE%
(n=300) &ENUSD2BMHA - XEEED3RE (n=979) &
Ltk 32 EE9D
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EEPRIES —H (CH T DREE (KA

> SABROBEMITZIE T 5770 bz 32885 RDCD4HIRE
®l £9D

> REABDEIHZITV. BBENIROEMITZ LI D K S/
BRC(E. SRS, BENEH TORE. FEERER AN
s

> CCTlE BHHREGKRAl (BEDFH) Z2EZXDEETD

TRRCE, FEFHBEER(E. "Time to death” THo7zH. ZZ T BIRNFHMEIEE D1 D%
FETRRELUTER TS,

* CD4HBREEN (S, RBERDBRIFECES T ZAMERKD—FETH D HIVDRREIC KD TZEDEHN
B LTV, REOETEZRDEREVTRAVLSNDS,

91

log(CD4+1) DT —HFDIFRT & DEH
e | s8H | io8R | 2488 | so8H

3RIGFAREE (n=330)

&l = 22 50 84 122
(%) = (6.7%) (15.2%) (25.5%) (37.0%)
g 2.83 3.27 3.25 3.06 2.99
R RE 0.96 1.13 1.17 1.14 1.23
Otherwise (n=979)
&l = 100 164 263 413
(%) = (10.2%) (16.8%) (26.9%) (42.2%)
15 2.94 2.93 2.86 2.73 2.67
RAEfRE 0.90 1.13 1.10 1.07 1.06
PiE (HH&TE) = < 0.001 < 0.001 < 0.001 < 0.001
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REPAIET — S (CHITDRE (KA

> 32BRFTOXAIE, 3BRIMHBEET122A (37.0%), ZNLAID
3B T413 N (42.2%) BEZD>TL\D

» 32:BBEFITD Available Data (C&LD T, EBfEIEDIRTEZHIRTE
TIT5&E. P<0.001 &0

> ARIC. %n%“nmﬁb\‘%aéwj AXLTRAZERR LT
BDDIEETDE, BEDS A LEIDMFICKDIEEEED
n. E¥Fa‘ﬂd)5é?{$xb¥0)nﬂﬁﬁ(dil (A TPANECBDCEERD

93

R AT IE? ?

> ZGAIAY TAIDIBHER<KESD] EWVWDSTZEREFEAESDD
59, [RAZEZUMRECIE. KAZERZIIZITDR
ASHDEANG D] CEN—MITHD

» NRC Report CiZsm A1 CULN\TED .. EIRDEITICKD T, 5
Bzt CER< R IEEE Y. BIERICK > THERA
BENRIEESNDEE. HDVNE. BIMETRSRETICRL
RO EEBERE., SFTFRRRAICL > TRAM/ERC>ZS

ENEBEZBND

94
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ERPRIES — & DT

> AFILANILOFETFDOERIE TR SNDIFEDEF LA LD,
AESNET —FNIANT M7 THBIEZRHRELT
WD

> ACTG193AGERD L DI(C, E—EACH U T, BORUVAES
nax>—41(3. —ERE’J(JE_L&%B?;UJ_C%BL\

> CNSORRFAIES —5 DT T ZIMEREFDICD

(C. OBUAIE=NDT— /S’ODH%,%'F\FEEJOM‘HF;EJ%L@UJ (CERE
UTIZBE D E L73D
95

Notation

> FEREZE v, = yig, o, yip)t (=1,2,...,10)
> IEMENTE (IERD, 208D, K7V HMmRE) (it
S5EDETD
> HEBITH X; = (2, ., xh) W, = (Why, ., wh)'
» [OIFREER w; = E(y;|X))
> X, W, (3. ERBSCEENBIHEENEDINCLOTS
Fans
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BBES)L (Marginal Model)

> —MACRIZEST ILDOZSEEET)LADILE

> 9 = (9, - g(ir) = XiB
> g() (FY DR
> FEREHOERBDDEF D EUTY
> I = V(yilX;) = pA;(B)Y*Ci(a)A;(B)/?
> A;(B): DEIEEEL a(uiy), .., a(ur) EXAKRD (CIHFDME
1751
> C;(a): HERZH OISR DIEREMEEITS)

Liang and Zeger (1986), Diggle et al. (2002) 97

—ff{b#EEHSTEN (GEE)

n
Uspp(B) = Z DI (yi—m) =0
i=1

» D,=D;(p) = (a”i/aﬂ)t Liang and Zeger (1986)
> ARIC. DEIEIER A;(B) PEIRBEIDHEBIRERITY C;(a) NERAFESNTL)

EELTE, HEERBOAMRIEEHRDIID
> HEESEDO—EMEEHKDIID
> Ci(a) [F. TOEKRTEZEARRITI EIFEND

» Wedderburn (1974) DEMUILEED—E EEZ D CEMNTE, 18E2
RDE—A> MCDODWTDHISA NI IIMREZEWZZ/(S X
NUw OHERIDTSEETRD

» Generalized Estimating Equation (GEE) &IE(ENS 98
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ZZ e FRRTEIEETIL

» ZEEIFRENFETIL
> u=XB
> y; ODDMENIERD M. U ORSEMNEEY >
(identity link) TH»DEFIL
> FEREIEOVEEARBIMSIS(CDUNTI(E, M7 (IND), ZIET]HE
(EXC). 1XXDECZEFE (AR(1)). IS (UN) IREDEFTILH
»dD
> BRBFESNTLWTHE B DII DA, EDIEREEEC
IEWETILIZE, g DHEEFEREFE LTS

99

#HE : FEZEAER1TYIDETIL GRRDBZE

10 0 1 p p
Cinp = [0 1 0], Cexc=|p 1 p
0 0 1 p p 1
1 p p? 1 p12 P13
Carey=|P 1 p|,Cyn=|P12 1 p23|,
p*> p 1 P13z P2z 1

tpld. BEDED I mBOBEREMDOEBEGRSRZRT .,
* ZZHAB]HE (exchangeable) (&, EEXIHR (compound symmetry) EHEULVD,

Diggle et al. (2002) 100
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HERBADFS

Ucee(B) = Y DIET (v~ 1) = 0
ST EBEOHREDNSS

> EADOEEREEZHEERIEL (Estimating Function) &UL\D
> BT —AHADEETIE. nADOBREN., £EEIANRT 1] D
BHCEHEUSHETEBRRITSI D

101

Complete-Case Analysis

> ACTG193ASRERD LS (C. BEEZMHEST—FDIGE(CIE? ?

» FEREE - SHIAZHOWVWITNM D TERAN S DHREEIR
At

> HETEREEAN TDEH L.
> BET—INERHETNTNDIRRE— (1]
> KEAIMDTHEHBIWURE— 0]

» BASEDEHFZRAEL., BEUREH] 25 UEIT L
(CXDT. )\ A 7R%ZTOICT B EETETBIDOTIIRLHY?

102
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IPWEDZEZX 75

ATEA ()
i i i i i i Complete DataH'&AI =Nz
[FBUEIBRZFOURE] =
EHDSFHLTCTESD.
LI Pseudo-Obserbation’
Missing HEERIZIDH(C

Hot-dec Imputation L C
J {EIEHEE RS Z 4B T D!!

j Incomplete Case& &
[ Z D! FEEA (k&)
Emen WgR) o0 =

103

HEEBZIDIBR T A

> ERRIC(E. RAZEREC UEHRETTE<TABD. 2DOIN
CZHot-dectfist U/ < TIEHWLFTRN

> EOMREDT —F = EDOREEDEIETEZTRANELVD
2

» IEEHIVFER | iBBOUREBDOMERBRDOTFS U;(B) = [iEHE
DU RENTET —HINEVR SN DESK | OFEDTZITER
LT, RAZERZUENREEESTRZ 2. (EIEHETERENIC
KD T, BOEH (EHEMZ/)\A T ADIR) HESEHES
nas! |

Robins et al. (1994) 104
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IPW-GEE (subject level)
Upwee(8) = ) {DEET (i — )} = 0

l

> RASIFRE CTDTRET —INESNTTRREZTHELE UZIPW
HEESIEN
> rip: WREB | NRERS ¢ (CBVWTT IR RSN M
EDNERTIEREE
> i MRE | RIS ¢ (CBVWTT IR D

2K
Robins et al. (1994), &H5 (2016) 105

Available Data Analysis

> BEFAET—2(E. B4 A E(CEBHDFRDT —FNEHIEN
TLWREEET —HERDIEDH. RRERETDOT—4 (B2
F—4) MESNTVBIIRELITTIIRL, BERTHEELC
UlEIREICE. [EHFETOFEBIEERT—4 (Available
Data) | MEFETD

» R ETOFBEIEEIRT —FZHIFHAATEFNDZ &2 .
Available Data Analysis& UL\ D

> MARDIREDE LTI, RECEDSHETE—BEEEN TSN

&)
» GEE(F. |RIEELIFRRDITEZ/\SA MUY OHRIDFERDT.
MARTE_EQ'HED\\'{%EIEéan:b\ ' ' =2H5 (2016) 106




IPW-GEE (observation level)
» IPWEL. [TBET—IMNESNIZEIAN] ZEACTDDTIFRL,

[T EOFAE] #EAIICUTCTEAEERIDIEETED
> WRE | S t T TICPEEIRR S /R0VEXR

t
mie(@) = Pr(re = 1F;0) = | [0 = 2}
j=1
> (@) = Pr(ry = 0|rye—q = 1, Fyr)
> 1y WRE | ARt (CBVWTT—INERIEN3NESHE
KRIEREH

Robins et al. (1994), &H5 (2016) 107

IPW-GEE (observation level)
Uipw(B) = Y DIET (@) (i — g7 (X, B)) = 0
i=1

> Al-(a): {ril/nil (“), ey riT/niT(a)} %iifﬁﬁﬁﬁ(:?%ji‘jﬁfﬁﬁu
> Available DataZz B{i(C U JZIPWHEE /S FZETN
» < Subject levelDIPWiX(ZE. Complete-CaseZz B (C LTz
IPWHEEE S TET

Robins et al. (1994), &5 (2016) 108




RAMERDOHETE & IERIZAF

> RBIFER 1, () (& ERRICIERIRDT, BHlESNHE=
DT—5 X W) ZEEC. EETDINENSHDD
> &Rl - KHDIERER 1y, ZREREREUEOS AT 1 vV
OEFBETIVIRETHEZITD
> B DIETED—EEN B D IL DIzsbDEEMF(...
> (i) AR 1, () DEIFEEFTILANEL<SIFESNTND
C &L (1) INRNTORFRDITEERN 1 (C(FIR5RNC &
(BUARERN 0 &78D . EHNIARTEERD) .
(iii) Sequential-MARDYEX DI D

tSequential-MAR(Z. MARK DA UaBU\EAF. FEMH(E. Robins et al. (1994) £ EBE <&\ 109

BRI ES

> —HREREEATERDERICLIEN DT, Y2 Ry FHER
(O)XX BED) DEFEE(CKD T, HEITDIZENTES

> 212U, FEREZEHOEFESILE. RAERDHETEDIZSHD
O X7« woNIEETILOERAERXNSER NSO/
ARDEERDTZD. RDBEUINIRDER(CIRD
» Robins et al. (1994) Z=Z08

» SASOOPROC GEE/RETIE., CoRFATEXMNSESNSZO/N
A MDEDEEEHTTEEND
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SAS Example: PROC GEE

/* IPW-GEE, subject level */
proc gee data=datalib.&DataName desc plots=histogram;
class PATIENT TRT SEQ GENDER;
missmodel SEQ TRT PREV AGE GENDER/ type= sublevel ; /* missingness model */
model Y = TRT BASVAL SEQ TRT*SEQ / dist=normal;
repeated subject=PATIENT / within=SEQ corr=un CORRW;
run;

/* IPW-GEE, observation level */
proc gee data=datalib.&DataName desc plots=histogram;
class PATIENT TRT SEQ GENDER;
missmodel SEQ TRT PREV AGE GENDER/ type=obslevel; /* missingness model */
model Y = TRT BASVAL SEQ TRT*SEQ / dist=normal;
repeated subject=PATIENT / within=SEQ corr=un CORRW,;
run;
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IPW-GEE (subject-level)
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IPW-GEE (observation-level)

GEE Model Information Parameter Estimates for Missingness Model
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GLMMD/ S X —SHETE

» BAE (maximum likelihood method)
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> HIPRITERAIE (restricted maximum likelihood; REML)
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MARDE & TDEIE
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fRIESETIL

> yi=XiB+Zm +¢
> 1;~MVN(0,S), g;~MVN (0, %)

> y; ODMBN RS, U OBEMNMEEZ > (identity
link) TH3EFIL
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5 )LZFL\Z MMRM (mixed effect models for repeated
measurements) EWVWSEFILAAER LTS
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MMRM
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MMRMODHEAI
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SAS Example: PROC MIXED (MMRM

/* MMRM */
proc mixed data=datalib.&DataName;
class PATIENT TRT SEQ GENDER;
model Y = TRT BASVAL SEQ TRT*SEQ/s cl ddfm=kr;
Ismeans TRT*SEQ;
repeated SEQ/ type=un subject=PATIENT,;
run;
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MMRM: SAS-output
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Example Dataset & Program

> MNARDE E TR T OIS LIREESZHI=. SASTOTS
L&, TRAF—5DHETRIZE] (BHEZ, EFER,
FRALE ;, aKREE) OIR—LR—H55 D> 0—RT
=FX9
» http://wwwz2.itc.kansai-u.ac.jp/~takai/Book/index.html
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