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A scan statistic for signal detection
Masaaki DOI
Abstract

In post marketing surveillance of drugs, it is important to find out their unknown undesirable effects. These are called
signals. Some different methods have been used in Europe and U.S. for detecting signals. However these methods tend to
detect many false positive signals because of multiple testing without multiplicity adjustments. In this paper, a scan statistic is
proposed as a method for signal detection in pharmacovigilance, applying the Kulldorff’s spatial scan statistic (1997). The
proposed scan statistic is designed for detecting only the highly significant signals. The property of the proposed scan statistic
is examined in comparison with those of PRR (Proportional Reporting Ratios), BCPNN (Bayesian Confidence Propagation
Neural Network), and GPS (Gamma-Poisson Shrinker) using the data from the FDA. It is shown by simulations that the

proposed method has low sensitivity but high predictive value of true positive.

Keywords: signal detection, scan statistics, multiple testing

Thesis Advisors: Kunihiko TAKAHASHI, Masako NISHIKAWA, Toshiro TANGO

I. B#

BUETIREN T SEAORMOEIER = BT T 5
&3, BEEMEIIBVWTHITBICBWTHIER ICEER
HMETHD. —RIC, TNETHSN TN D DA
I UMEHIUS T S T isho A S FEE SR E DR
REAROMREMEICBET 2 EWMAE S T FINERY, ZDEE
MEEM /2R DL B B IS O T L LA DL EEDE
BIER AT 2175 2 Ea T T EnS Y,

WCOKFEEICBWTIE, W DhDI T F IO X T
LR INTWSD, Tomicidznen Rz 5iie!
FEMHWSNTHD, Gold Standard 72 F1EIFHFEEL T
Wiz, £z, HERIZBWTIE, BEREDOT—FN—2
WBHEET B0, PATIT 1w 7 IREINIERE R ClEER
THONTOREWRRTH 5.

WKk THWSNTWSFETIE, 7 Fas<mitil
TELEMMICH B0, ZIUIMEDLEIEZEZR L TWiR
WZENHEKROOEDEEZEZ NS, & I TR T,
R O ERBMEOK I O 72912 Kulldorff (1977) 12k - T

:H}

R FEIREE, PENIIET, FHEMEE AT

B ¥ & 17z spatial scan statistic 2 A< [ 12 5t H L #E D
£ E M2 P# U /= scan statistic 12 & % 37 F IR 242
ZLU, MKOFiEEDLEZIT S, Kulldorff 5713
spatial scan statistic D& X 5 & RI{H— XA T > A DT —
FIZHEHALT, INETHSNTWARNDZERFY XD
Ty —QREFEEZREL TWDN, AT
Kulldorff 57 O#%EIZE > h 2B HDTH 5.

0. Fix

Bk D Fi%, PRR L, BCPNN G, GPSi#EE, IO
IRETFE scan KO HBEFTS.

g Hi(i=12--, )BT sHEEESR
FU=12 J)owmsthee, tbE, %5 0HE

R JITBIT D WA E R E
ci+c+.
Eij =— (1)

C
EBL. ZokE, Gid, ENTRMNLICRT Y 2o

Poli, B, Jizits0eds. 2T, #AG EAE

J. Natl. Inst. Public Health, 56 (3) : 2007



304 SERRISEEE PRI ZE R S B

$40G,2%x2 EEREAGXG,2G L L,
o =E (i j)=G)es<. coThm

t

ﬂ'ijEij

L(/”t,-j,c): qu')! H Z;LU_E,.].

.o i)j
(5
ThHs.
ZZT
st A, =4, (Vi ))

Ao (. /)=G)
A (< 25) (@ j)#G)
(3G =@ 7))

DIEMEEE R %.
LEMGFIEEZEA, HRELED L

~

o=
C_ZGJ'](CG >EG)

wjﬁa:&jz{

o
T = mgx(cc log E—G +(C=c,)log

G G
L7385, INEMERTRET 5. IRERTORE I,
ETVAREZEFIMNT 5.

. FDA @ AERS (Adverse Event Reporting
System) & —% DfE

20064E 4 H~ 6 H DI FDA TG SNz —F D>
5, HHY - BEERSY - NI RTERAZINTNDS D
DOHMNS, EANIE —PREOHHNWE, ZOF—%
(LLF AERS 5 —% &IER) 2%t LT, scan ik, PRR ik,
BCPNN %, GPS EOQWFETENENBITZIT /2.

AF—FITHENDHIEMER, HHl4000fH%E, HF
BRITOMIEHTH 0, WS N2 HlAEHEIL133,79847,
A B13380,9151 T H o 2. T DA066X7730=
31,430,180 @ )L D 5 B, HEKN0OD &IV N
31,296,382 (99.6%) TdH - /=.

F1&0, HEREL Tscan ETHRIENS S 7 F IR
MO FETHIFITIMHIND ZENGho iz

R 1.ARS 7 — 4 DEFETDHREE

Héi scan V£ & LM O
ST FIVE i s 7V
scan % 2,500 —
PRR i 13,781 2,410
BCPNN % 12,261 2,379
GPS % 9,750 2,443

V. 2ab—23YIC&BFEDLER

AERS 7—#Z2HEICLT, HOITFINENS DME
EL, A>1&Lk ZnlSticBnTiE, A=1&LT,

BT B HEFS joRERC, BPOLE,, ) (E,,

13 AERS 7—4 15 (1) XTRDMEzEH W) IT/KED
HbOELT, B Ao Ial—2 3 2L D scan
£ & PRR 7%, BCPNN ik, GPS MRz Lk L 7=,

V. BREER

PIalb—arOfR, scan EIZ BN TG
FIEOTHDZEND -2, INLD, scan ETHIPS
NI T FINEEDOS T F )V Th SRR KA mn &8
b s, BKOFRIZEDOS T FINTRONHDH KEITHR
MLUTLED LS BEMERINTWD A, AFETE
DREEFHOTWBEEDNS, —, BRENMENI &2
BERADE, ZOFEETITRETHICED S T FIVBMHET
EhVWbHDEEDNS., I T, #thoFiE (& 23K E
DWW PRR %) EHIAGDOETHATS, DX, £T
scan {E T 21TV, BT 7 F I 2@BENICHET S
ZET, RIS HEBERDO D 2HEAN EAEFROMAR
DENEHRINDEZEZ NS,

SE

1) AGRHE BESRENS O T FILH—%E
MCA, XKEFDA, WHO OFi L Whik— XY
2001 Dec;6(2):101-8.

2) Kulldorff M. A spatial scan statistic. Communications
in Statistics: Theory and Methods 1997;26
(6):1481-96.

J. Natl. Inst. Public Health, 56 (3) : 2007



SERRISEEE PR IR FE R S B 305

(BERS)

FRIBFEEFRIE
EYIRET D

=2 -3y FO—ARRICSITBHEER v F > & OHEOE BN
AT

Quantitative Assessment of Efficiency of Frequency Matching
in Case-Control Studies

Keiko MIYAKODA

Abstract

Objective: I propose a method to quantitatively assess the efficiency of frequency matching for estimating an odds ratio
when planning a case-control study.

Methods: In a previously reported simulation study, the efficiency of frequency matching in a case-control study was
assessed by continuously changing the degree of matching and calculating the statistical power and variance of estimated
odds ratio using a logistic regression model, where both the exposure variable of interest and the matching variable were
binary. However, the settings of the simulation were somewhat different from those in an actual case-control study, especially
in the procedure of sampling matched controls. I therefore improved the settings of previous study by considering the concept
of actual sampling procedure, performed a simulation study using both methods, and compared the results between the two
methods.

Results: The results obtained by the methods of present and previous studies were essentially comparable. My study
showed that the statistical power could be improved by frequency matching even when the odds ratio of a sample was
accidentally smaller than the true odds ratio.

Conclusions: The methods would be useful in planning a case-control study.

Keywords: case-control study, frequency matching, odds ratio, logistic regression
Thesis Advisors: Tetsuji YOKOYAMA, Kazue YAMAOKA, Toshiro TANGO
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The comparison of the piecewise linear Cox model and
the conventional proportional hazards model applied to the continuous covariates

Eisuke INOUE

Abstract

Objective: To examine the piecewise-linear Cox model (PL-Cox) is more applicable model than the conventional
proportional hazards model conducting categorization when the assumption of log-linearity would not be accepted for
analyzing continuous variables. We proposed the objective method to set the knots for PL-Cox analyzing continuous
variables.

Methods: We performed the simulation study. In this simulation, we used two variables. The one was the binary variable
indicating treatment effect, and the other was continuous variable following the normal distribution. We set the non-linear
effect against the log-relative hazards into the continuous variable, and we evaluated the conventional model, PL-Cox, and
spline model as the analysis model of the continuous variable. We used two types of knot selecting methods for PL-Cox,
which were the ordinary method and our proposed method using the Martingale residuals. Evaluations were done by the
power, bias, and mean square error for the treatment effect.

Results: We got the decreased power and the biased coefficient in the conventional model. PL-Cox showed equivalent
results as spline regardless of the methods to set knot position.

Conclusion: The conventional model categorizing continuous variable could not adjust the effects of a covariate. PL-Cox
was practical model regardless of the knot position.

Keywords: proportional hazards model, log-linearity, piecewise linear Cox model, categorization, spline.
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Permutation test and confidence interval for
the difference in means under the randomization model

Takeru SHIROIWA

Abstract

Objective: There are two problems in the statistical analysis of clinical trials. (1) First, though the assumption of random
sampling is not met, the data of clinical trials are analyzed based on the population model or invoked population model. (2)
Allocation methods to analyze clinical trial data are not taken into account. To solve these problems, we used the
randomization model and compared it with invoked population model

Method: Based on the randomization model, we calculated p-value of permutation test for the difference in means by
Monte Carlo simulation and confidence interval by Robins-Monro search process. The p-value, coverage probability and the
length of confidence interval were used to compare the performance of three statistical methods; (a) permutation test (b)
ordinary t-test (¢) analysis of covariance (ANCOVA). We considered the three allocation methods; (a) complete
randomization (b) stratified randomization (¢) minimization method.

Results: The analysis based on the randomization model, it was shown that both tests and confidence interval were the
nearly equal performance with ANCOVA though randomization test has a little lower power and the longer confidence
interval. These results are consistent regardless of the distribution of error terms. The minimization method was superior to
complete randomization and stratified randomization especially when the marginal distribution of covariates was not
balanced.

Conclusion: The analysis based on the randomization model can be used for the primary statistical analysis of clinical trials
without model assumption and the adjustment of covariates.

Keywords: clinical trial, randomization model, MonteCarlo, permutation test, nonparametric
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Table3: coverage probability and length of sample2
(under ¢ i~N (0,1))

coverage probability (mean)  the length of CI (mean)

Rtest ANCOVA t-test Rtest ANCOVA t-test
CR 0.948 0.952  0.948 1.602 0.821 1.584
SR 0.951 0.951 1.000 0.895 0.807 1.582
MIN 0.950 0.954 1.000 0.859 0.808 1.582

randomization model 12 DW=, TFI)I OKE
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