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A= 4 —

« BE FHEROMZE LB

* BE Eitsﬁd)ﬁ-“-ljf,r?/

- BE FUERDBIZELET



ffﬁ%‘Eﬁ%’m@fE% o TE T Ty e 8% i
BRI E | E(SF2E3H 19 HHIE) 4

o FERBF|T LEERAF RIZOLT Period 1 Period 2
o RAIELTYORFT—N—FZGEFEIE 2 F 2 #1). Group 1 SREREIE| T 4ZEsu| R
BIEAZT(EEIZEER).
HERE [X[RAIEL TR AERES.
BEIKEL A 5%
e FIZIX. BOHFDEEIREHAETIE, AUCt BT Cmax %, ZEIIRESHEETIE
AUC ; BT Cmax = EMFHIRFMEFTM/ANTA—2LET D
o [RBAIELT, tmax ZRINTA—FTIIRBERD T HENLZ DT, ML
ZUTHEMT. 90% SRR GEX#r, RERXME) TEYMFHRIF4EZFMEI S
NDRDHYIZ, BEIKE 5% D 2 DD FAI#ETE (two one—sided tests) TEHEIL THKLLY,
BENLGEASASGNIFMOBEELGEEDEANTHKL
o SRERBUK| AT SF D EWE MRS M TE SSA -2 DR HIEOFHEDED
90% {EFEXEAY, 10g(0.80)~log(1.25) DEFHIZHAHEE, MERBFI AZERF| (T
EMEMIZRIFEFIET S
XA T —ILDFEFFERZITV RRICTORT—ILIZELTHELLY

Group 2 EEREK R HEREFT




BE ZtEE DAEST ,_Q

o FHERBURIT LEEERFI R EDLEE., LT TIX Cmax ICEE9 58T & EE
* Xijk = U T T + Si5 + e

o Xijk RERT—IV pu  AEMR(TorR), my (FEA( 1 or2)

° Sij Ei AR *&Eﬁ%] @%%&%ﬂ% ""N(O, O'g) N el-jk ZEE&% NN(O,O']%/)

« n ABREFOHH(FEZBEDOHE) . KERARNDEE R CV = \/exp(aﬁ,) —1

o [FHERHHICZERAFIEYEZMICRIZFINL. LTOEGEIZKYITD
ti—an-2" BHEn-2®Dt5HD (1—a) IN—EUF(I)LER. T = XT _XRs
6y = {Group 1 MFEHFFI + Group 2 DF A} +~2(n—2) &L, EFEXM:

[f — t1—qn-2 /zaTW E+ t—an—2 /267“’] [CTRIFHEDHIEZITI( a = 0.05)
- EEDEHTIE, ERBETILRICEATHAE=ENRETILICKSEEHT
(EKYEIEREAH ICTEERMFZEL T HAEMNFEAL

Meinhard Kieser and Geraldine Rauch (2015) "Two-stage designs for cross-over bioequivalence trials", 4
Statistics in Medicine 34(16) DRIRICHE o TERAZITD



BE & DFFNT: FS—T —XDIESK

makedata <- function (n=24, CV, RootMSE=0.3, theta0=0.95, set.seed=7777) {
set.seed (set.seed)
if (!'missing(CV)) rmse <— sqgrt(log(l + CV"2))
if (missing(CV) && !missing(RootMSE)) rmse <- ROOtMSE
mlog <- log(thetal)

result <- data.frame(subject=rep(l:n,2),
group =c(rep(l,n/2),rep(2,n/2),rep(l,n/2),rep(2,n/2)),
period =c(rep(l,n/2),rep(2,n/2),rep(2,n/2),rep(l,n/2)),
treat =c(rep(l,n), rep(0,n)),
X =c (rnorm(n=n, mean=mlog, sd=rmse),
rnorm(n=n, mean=0, sd=rmse)) )
result <- result[order (result$Sgroup, resultSsubject, resultSperiod), ]
rownames (result) <-— l:nrow(result)
return (result)

}

+ + + 4+ + 4+ ++++++ + +V

> data <- makedata (Cv=0.3)
> head (data)

subject group period treat X
1 1 1 1 1 -0.60258648
2 1 1 2 0 -0.04710220
3 2 1 1 1 0.04454161
4 2 1 2 0 0.22852274
5 3 1 1 1 -0.13990655
6 3 1 2 0 0.20091221




BE SERDIEHT: JOXT—/ V—HE AT N

« RRIZIERZITODAT—IVIZEL. (EFEXEAMD [0.8, 1.25] [CTEENLHIHFESE

> library(lmed)
> result <- lmer(x ~ group + period + treat + (1 | subject), data=data)

boundary (singular) fit: see ?isSingular

> s <— summary (result)
> anova (result) # ANOVA table
Analysis of Variance Table

npar Sum Sqg Mean Sg F wvalue
group 1 0.0006368 0.0006368 0.0062
period 1 0.0024554 0.0024554 0.0239
treat 1 0.0121576 0.0121576 0.1184
> s$Scoefficients[4, 2] # se
[1] 0.09248986
> sScoefficients[4, 3] # t—-value

[1] 0.3441432

> df <- sSngrps - 2 # df

> r <- sS$Scoefficients[4,1] # ratio (log—-scale)

> 1 <- sS$coefficients[4,1] - gt (1-0.05, df) * s$Scoefficients[4,2] # Lower CI

> u <- sS$coefficients[4,1] + gt (1-0.05, df) * s$coefficients[4,2] # Upper CI

> exp(c(r, 1, u)) # ratio with 90% CI (original-scale)

[1] 1.0323417 0.8807436 1.2100337 6




A= 4 —

« BE GERDMZ LM

 BE Efxgﬁ@j—_“_ljg,ry

- BE FUERDBIZELET



BREEGZDEYFHEFRERBET1FS51>
FELEFEEREO0IE 1 E(TH2FE3H 19 HHIE)

Q-10 ARBETSHIIC, FRBETIDELHDH

(A) BERI IR D, BEHIHRE MR RERIRERZ S CE YR EREZ T E TSEN
GRICE, FHEBRZITOLELADHS. (FES)
B8, PaBROEREEYFEHRFEDSEMICHNSC LE TSR,

Q-11 BIBGEMERAERZERL, XREBRDT—2EEHLETHEMITSHLETESD
(A) [RENELT, AERERE(FRNCHIHGEMEERZEHL, REHBDT—2EEDHET
FRIT I A LILERDHAELY. (FRRE)

=1L, PHEBOBREZEH-FRIEHmMN L FHILI-L EIZEERSEAKELAY,
EYFHRIFEERTCENTELRNWIRIZEEL, DB HEEICESGEM
T—ARBEELTORINEHE CLIIAEETH 5. BT —2DEEE, EF—ED
BERHERELFFIEHL- £ T, dEBARRICE ST+ AR WA ERERTESHIET
Eid H&Fx, 1 EICRYEDHS. (LITHER)




BE &g F1>

1. Fixed Design
o SFTO BE HER (FTHERIIAKER) DT H 1 LRk
s BEDOHAFRZAEFENS 12 HILLETOERNLEEZLLVA, BERAD
HARSAUDTEEEREIZELY 20 FILLEETHDIEE

HE, RFEHEDHIEEEISEHELLEWMEETH, ABRAFCZEDLR O EYFR
BIF S EEE/ NTA—2 DA EED FEEDZED 10g(0.90)~log(1.11) THY, HD
BHAHBTARHZEFHI AL TWSEHIESIN-EZEIZIE, £EYFEMICRIEFE
IS A, 1=F2L, CORMENBRHINDIDIL, LHEREE 20 2 (1 F 10 8)
LLEARRAWLN-EEICIESNS.

2. Group Sequential Design
o MfEIfEHT (stage 1 )IZT BE D#I|FE . BE AR ILDIB S T REAEMIZT BE
D¥|7E ( stage 1 & stage 2 DT—R3%=HE)

o fHlZIL stage 1 & stage 2 DFHIEZEZFELLL. Pocock DAEIZKD a DEAEE
%175 ( a; = 0.030367. c; = 1.875423)

3. Adaptive Design

o B ZIX inverse normal method Z{# F
e Pocock MAEIZELD a DFHEE + stage 2 DHIMETEETE 9




SZ: BTN & RIAEHFENTDELIH

o FFHMIET R THEETEEMT AP (16) X REIZT
http://nfunao.web.fc2.com/files/R—intro/R—stat—intro 16.pdf

\%

# install.packages ("rpact", dep=T)
library (rpact)

\%

# Pocock Boundary

( a <- x$stagelevels )
1] 0.03036726 0.03036726
> gnorm(a, lower=F)

[1] 1.875423 1.875423

— VvV VvV V

> pnorm(1.87542, lower=F)

[1] 0.03036748

> l-pnorm(1.87542, lower=F) *2
[1] 0.939265

> # Alpha-spending function (Pocock type)

> x <- getDesignGroupSequential (informationRates=c (0.5, 1), alpha=0.05,
+ typeOfDesign="asP")

> ( a <—- x$stagelevels )

[1] 0.03100573 0.02972334

> gnorm(a, lower=F)

[1] 1.866214 1.884875

> pocock <- function(t,alpha) alpha*log(l+ (exp(l)-1)*t)
> pocock (0.5,0.05)
[1] 0.03100573

x <—- getDesignGroupSequential (kMax=2, alpha=0.05, sided=1l, typeOfDesign="P")

sided=1,

10
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I. Fixed Design

o ERRF T ARERF R EOHR
o LUF. Cmax ICEAT 5@ tTz R ( AUC ITDWTEHERT Y.
HIEERETIZHE UL TIE Cmax [TDWTHDAEMRT H_ETHEIRELY)
* Xijk = U T T + Sij T+ e
o Xijk RBERT—IV e BEMR(TorR), my (FEA( 1 0r2)
o s B HERE J DEEWNR ~N(,05) . e (FRE ~N(0,05)

. BRENOEBRY CV = \/exp@zV)_ |
« BE QHEF. LTORERICEATHIREZITICEICHEET D
« Hy:HJ UH) vs. Hy: HY N H{
H : ur —pp =log1.25 vs. HY : pp — up <log1.25
HY : ur — pp <1og0.80 vs. Hy : pup — up > 1log0.80

Meinhard Kieser and Geraldine Rauch (2015) "Two-stage designs for cross-over bioequivalence trials", 12
Statistics in Medicine 34(16) DRIRICHE o TERAZITD



I. Fixed Design

e Hy:HYUHE vs. H : H n HE IZBAT2REXLUTER S

. TU _ |n X7—Xr-log1.25 TL _n Xt—Xgr—log 0.80
42 ow * 42 ow

o Xr o Xg BEFIONHERBEDOTLY., 65 05 DWEIE. n in total
c TVS —t1 gqn2 & T >t gno DEE.Hy EFEEN( BE BLIL)
ti_gno  BEHEnN-2D t 7HD (1 —a) /N\—EUF(I)LH

« BEKEZE o . BmHA1- B . GMR = exp(ur) / exp(ug) « Fr(x,n — 2) &
HEHEL-2 Dt 2HmDRESTMER. AIRITILUTOREICTEH

oo 125 . |
F, (M —tygng T~ 2) —F, ( 0802 MR Sty —qne M — 2) >1-4

oW/ 2/n ow+2/n

13



1. Fixed Design: {5%5/X/&]. t 1E. p E T BE D#,

- EHERXME.t A=, EOWVWIT N THIBILTLERIIR L TH A E
« n: AEREADHIEL. CV or RootMSE Z157E . thetal: HFIFE D LE

=2
ALy

> TOST_sim <- function (alpha=0.05, n=22, CV=0.2, RootMSE, theta0=0.95, nsims=100000, set.seed=777) {
+ if (!missing(CV)) mse <- log(l + CV"2)
+ 1f (missing(CV) && !missing(RootMSE)) mse <— RoOOtMSE"2

+ 1lthetal <- log(0.80)

+ 1ltheta2 <- log(1l.25)

+ mlog <- log(thetal)

+ BEl <- rep.int (TRUE, times = nsims)

+ BE2 <- rep.int (TRUE, times = nsims)

+ BE3 <- rep.int (TRUE, times = nsims)

+

+ set.seed(set.seed)

+ for (i in l:nsims) {

+ df <-n - 2

+ tval <- gt (1l - alpha, df)

+ X <- rnorm(n=n, mean=mlog, sd=sqgrt (2*mse))

+ ratio <—- mean (x)

+ s2_h <- (n-1)*var(x)/df/2 # not sigma_D"2!!

+ hw <- tval * sqgrt(2*s2_h/n)

+ lower <- ratio - hw

+ upper <- ratio + hw

+ BE1[i] <- lower >= lthetal & upper <= lthetaZ2

+ Pu <— pt( (ratio—-ltheta2) * sqgqrt(n/(2*s2_h)), df)

+ Pl <- pt( (ratio-lthetal) * sqrt(n/(2*s2_h)), df, lower=F)
+ BE2[i] <—- Pu <= alpha & Pl <= alpha

+ P <- max (Pu, P1l)

+ BE3[i] <- gnorm(1-P) >= gnorm(l-alpha)

+ 1}

+ result <- c(mean (BE1l)*100,mean (BE2)*100,mean (BE3)*100)

+ names (result) <- c("CI based", "t-value based", "p-value based")
+ return (result)

+ }

> TOST_sim(n=24, RootMSE=0.20, theta0=0.96) # n in total (not per seq.)
CI based t-value based p-value based
91.169 91.169 91.169

14




]. Fixed Design: P55

e thetaO: RFIMDEE. CV or RootMSE Z387E . alpha: F{810.05, beta: 1-f&H 5
o HERLAEDHIE( nin total ) NH AN S

pt (-log(1.25*thetal)/ (sigma*sgrt (2/N)) + ta, N-2)
}

return ( N+N%%2 )

> TOST_N2 <- function (thetalO=1, Cv=0.2, RootMSE, alpha=0.05, beta=0.1, Nmax=1000)
{

+ 1f (!missing(CV)) sigma <- sqgrt(log(l + CV~"2))
+ 1if (missing(CV) && !'missing(RootMSE)) sigma <- RootMSE

+ N <= 2

+ Power <- 0

+ while ( Power < (l-beta) && N < Nmax) {

+ N <- N+1

+ ta <- gt (l-alpha, N-2)

- Power <- pt( log(l.25/thetal)/ (sigma*sqgrt (2/N)) - ta, N-2) -

+

+

+

+

}

> TOST_N2 (RootMSE=0.20, theta0=0.96) # n in total (not per seq.)
[1] 24

15



2. Group Sequential Design: PlIZ(55 5T

R AEAT (stage 1) 12T BE OF|E . BE FRILDIGE [EHMEAEMTIZT BE O
FITE ( stage 1 & stage 2 DT—3FHE)

Stage 1 & stage 2 [3ZFEHIZR. Pocock M FEIZKHFHEE ( a; = 0.030367 )

 alpha: % stage DEAEKEZIETE (F . n: % stage D 2 FHEETDHIZL. RootMSE ZFE7E.
thetaO: RFIBDEE. nsims: a2l —3 3@

\Y

+ + 4+ + 4+ + +++ A+ + A+ + A+ A+

TOST_GS <- function (alpha=c(0.030367,0.030367), n=c(22,22),

lthetal <-
ltheta2 <-
mlog <-
mse <-
BE <-
stage2 <-

nsims=100000, set.seed=777) {

log (0.80)
log(1.25)
log (thetal)
ROOtMSE"2

rep.int (TRUE, times
rep.int (TRUE, times

nsims)
nsims)

set.seed (set.seed)
for (i in l:nsims) {

df

tval

X

ratio
s2_h

hw

lower
upper
BE[i]
stage2[i]

<—

n[{l] - 2

gt (1 - alphall], df)

rnorm(n=nf[l], mean=mlog, sd=sqgrt (2*mse))
mean (x)

(n[1]-1)*var(x)/df/2 # not sigma_D"2!!
tval * sgrt(2*s2_h/n[1])

ratio - hw

ratio + hw

lower >= lthetal & upper <= ltheta2
'BE[1i]

RootMSE=0.2,

theta0=0.95,

16




2. Group Sequential Design . lI#(:85
Power: f&H 7. Stage 2: Stage 2 ~DIZITEI|S . ASN: FHHEHIEL

}
}
result <- c(mean(BE)*100, mean(stage2)*100, sum( n[l]+n[2]*mean (stage2) ) )
names (result) <- c("Power", "Stage 2", "ASN")
return (result)

}

+ if (!BE[i]) |

+ df <= n[l] + n[2] - 2

+ tval <- gt (1l - alphal2], df)

+ X <- c(x, rnorm(n=n[2], mean=mlog, sd=sqgrt (2*mse)))
+ ratio <— mean (x)

+ s2_h <- (n[l1l] + n[2] -1)*var(x)/df/2 # not sigma_D"2!!
+ hw <- tval * sqrt(2*s2_h/(n[1l]+n[2]))

+ lower <- ratio - hw

+ upper <- ratio + hw

+ BE[i] <- lower >= lthetal & upper <= ltheta2

+

+

+

+

+

+

> TOST_GS (n=c(12,12), RootMSE=0.20, theta0=0.96) # each ni in total (not per seq.)

Power Stage 2 ASN
87.08100 62.17700 19.46124

17




3. Adaptive Design (Inverse Normal Method)" I“

« %% stage DETEPIEZE n; . I7%545 n = ny + n, in total
* Stage 1ICT12~13EMDTY | T hostESNI= p EDSH. KEWHEZE p; &L
BIFRDETHE T Stage 2 D p EZF p, £T 5

¢ 11 —py), @711 —py) ~NO1) . K p EIXMIZGZD T, PREFFTEREBENTTIX
TNENT] (T, ITTREZTAIEKD(w; % stage DEH., HIZIE w;, = yr; )

w1 @ 1 (1-p)+w, @1 (1-py)

/W%+W%
+ & Kieser (2015) [ZIEHBHM. B p; I 2 2D p EORKIEITHA-0. IRERE
DT THL—HAMIUDT . Lo T 7' (1 - p) BRFEERDTMICHEDEN =0,
FERIFELLGULMNELNGL FzFZL. LTOREFRKNS T, T, NMEEERS IS

HSIEEELTREFIT -GG . RTHERTELEL D,
vV T7 =071 (1 —py) <& N(0,1)

Tf o= d71(1—py),T; = ~N(0,1)

w1 @~ (1-p)+w,@7 1 (1-py)

’ 2 2
W1 +W2

A<y B: TERZTH A ITHERLTH B LY. stochastic order DEIRT/NELY

\/T2*:=

<st N(0,1)

Potvin D, DiLiberti CE, Hauck WW, Parr AF, Schuirmann DJ, Smith RA. "Sequential design approaches 18
for bioequivalence studies with crossover designs", Pharmaceutical Statistics 2008; 7:245-262.



3. Adaptive Design (Inverse Normal Method)" I“

RIE DRELHBHT=8. inverse normal method Z#E AT B, [& stage D T Hhi5
SHEINTz p EIZDWTLEDFE ] IR stage D T MHETEINTz p EIZDNVT
FEREDFHE] Z1TV\ A RIZBE DFIEZITO>ANRL(a [Fi@N7LY)
% stage DK p EH. & stage D T A, ELSHREAABOAIEKRIZEDH,
REDOAEIRFHERETHA-ORENOBRANSES
LI NDFHETE. Stage 1 TBE RNRIULDIGZEDHIHBETEFEIEAITHH
(a [E@NEL, ELREAICIEEET S)
Kieser (2015) TIZ Potvin (2008) MFX DT EZEEA . == DEm X (FHEHIAY- - -
Stage 1 Mtk & Root MSE KV Bl ZHIELE% &t (M2 stage 1 D Root MSE MDA )
EHFEBRENICEDICHE

Potvin D, DiLiberti CE, Hauck WW, Parr AF, Schuirmann DJ, Smith RA. "Sequential design approaches 19
for bioequivalence studies with crossover designs", Pharmaceutical Statistics 2008; 7:245-262.



/ﬂ/z@fn'f

Kieser (2015) TOEHEHTZRE HDEH
« 13 BERIBEDEMRICEY, stagei D 2 DDFETEZE T L T/ . & CHW #HEtE%

Tl , ETL, E$HE. TL, =T, +1, (1, =n/2 {log1.25 —10og 0.80}/ay, )
L3, stage 1 DIRETE TEHFIT=HREH AL T EG S (stage 2 DERIR ¢, )

3. Adaptive Design (Inverse Normal Method): ._ Q

VP(Thy S = ATho 2 o | TV, TE) = P(c; — 1o < TS, < =, | TY)
_ q)<—02\/ﬁ—T1U\/n_1_\/n_2Tu> _ (IJ<(C2 — TV =T/ \/n_l_\/n_ZTU>
N N VI N

o BIBBEEE 1, & 1, = (ny +/nyn3)/V2n{log1.25 —10g0.80} /0y, [TEH#Z .
(Tl =Ty + 17, ) U TOEBHABEHEAN 1 - B A D n; ERE

v P(Cz n < Tﬂrz —Cy | Ty )
— @ —cpn —T¢ Vi \/_* (Cz — T )n =T Vi \/_*

20



VEL i

REDFREE, MAEZHBRMOER T HORZE t = [CEBRAT
WBT1=8 . BEEICRITS

Inverse Normal [C&YFEHfHREBNZTEBEEITAEUTELGY. . 2 7THD
FAEEDAB(a* EB) % stage 2 DHEEKELELTHEBEEIT NIX
By — 20 o TEERBZERL [08, 1.25] ITEFN S0 FIET, £7]

-1 _ -1 _
Pr(T, > c, |T{) =Pr {qu) Qop)iw, @ (7p2) > Cy |P1}

/W%+W§
= Pr{pz <1- CI>< /m:nz Cy — \/?CD_l(l - P1)> | P1}
2 2

FOT, BatHEOFHMRENIILUT (=L t 7 TOELEFFED
=86, af BNINSWNEZE RN 1 MoBENTWSESIFRICEDIGEEHY)

1.25
log(—)
GMR —log(1.25 - GMR)
F, —t_a'ni2,Ny —2 | —F + g nio, Ny — 2
t<O'W Z/n; 1-a" n,-2 2 ) t( - 2/71; 1-a" n,-2 2

21
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3. Adaptive Design (Inverse Normal Method):
BIEER 5T

« alpha: %& stage DB EIKE  n: & stage DHIEN. RootMSE 5% . thetaO: HFIBDLE.
min_n2: stage 2 D E/IMIIEL. max_n: HEREARDFZKHIEL. target power: BIEEZEH 1
> # ssr=1: based on Kieser (2015), 2: based on inverse normal, cpmin: not used

T T T T S S I T Tk T T T T T ST S S 2

TOST_IN <- function (alpha=c(0.030367,0.030367), n=c(22,22), min_n2=6, max_n=4*n[l], RootMSE=0.2, theta0=0.95, cpmin=0,
target_power=0.8, ssr=1, nsims=200000, set.seed=777) {

lthetal <- 1log(0.80)

ltheta2 <- log(1.25)

mlog <- log(thetal)

mse <— ROOtMSE"2

BE <- rep.int (TRUE, times=nsims)
BE2 <- rep.int (TRUE, times=nsims)
stage2 <- rep.int (TRUE, times=nsims)
n2 <- rep.int (O, times=nsims)

set.seed (set.seed)
for (i in l:nsims) {

df <- nf[l] - 2

tval <- gt(l1 - alpha([l], df)

X <— rnorm(n=n[l], mean=mlog, sd=sqgrt (2*mse))
ratio <— mean (x)

s2_h <- (n[l1l]-1)*var(x)/df/2 # not sigma_D"2!!
hw <- tval * sqgrt(2*s2_h/n[1])

lower <- ratio - hw

upper <- ratio + hw

BE[1] <- lower >= lthetal & upper <= lthetaZ2

stage2[i] <- !BE[1]

if (!BE[i]) {
# p-value for Stage 1

Plu <- pt( (ratio—-ltheta2) * sqrt(n[l]/(2*s2_h)), df)

P11 <- pt( (ratio—lthetal) * sqrt(n[l]/(2*s2_h)), df, lower=F)
P1 <-— max (Plu, P1l1l)

# SSR

if (ssr==1) {

zlu <- (ratio-ltheta2) * sqgrt(n[l]/(2*s2_h))

z11 <- (ratio-lthetal) * sqgrt(n[l]/(2*s2_h))

c2 <- gnorm(alpha[2], lower=F)

n2[i] <- min_n2

tau <- (ltheta2-1lthetal) / sgrt(2*sum(n)) / sqgrt(s2_h) * ( n[l] + sgrt(n[2]*n2[i]) )

22




3. Adaptive Design (Inverse Normal Method):
BIEER 5T

B I T T S R R T T T T T T T S S S I T T

cp <— pnorm( (-c2 *sgrt (sum(n))—-zlu*sqgrt(n[l]))/sqgrt (n[2]) - sgrt(n2[i]/n[1l])*zlu ) -
pnorm( ((c2-tau) *sqgrt (sum(n))-zlu*sqrt(n[l]))/sgrt(n[2]) - sqrt(n2[i]/n[1])*zlu )
while ( cp < target_power && sum(n[l]+n2[i]) < max_n) {

n2[i] <- n2[i] + 2
tau <- (ltheta2-1lthetal) / sgrt(2*sum(n)) / sqgrt(s2_h) * ( n[l] + sgrt(n[2]*n2[i]) )

cp <- pnorm( (-c2 *sgrt (sum(n))-zlu*sqgrt (n[l]))/sqrt (n[2]) - sgrt(n2[i]/n[1l])*zlu ) -
pnorm( ((c2-tau) *sqgrt (sum(n))-zlu*sqgrt(n[l]))/sgrt(n[2]) - sqrt(n2[i]/n[1])*zlu )
}
}
if (ssr==2) {
alpha2 <- l-pnorm( sqgrt(sum(n)/n[2])*gqnorm(alpha[2], lower=F)-sqrt(n[l]/n[2])*gnorm(1-P1) )
# cp <- pt( log(l.25/exp(ratio))/ (sqrt(s2_h) *sqrt(2/n[2])) - gt(l-alpha2, n[2]-2), n[2]-2) -
# pt (-log(l.25*exp (ratio) )/ (sqrt (s2_h) *sqgrt (2/n[2])) + gt (l-alpha2, n[2]-2), n[2]-2)
# cp <- power.TOST (alpha=alpha2, thetal=exp(ratio), CV=sqgrt (exp(s2_h)-1), n=n[2], method="exact")

n_tmp <- TOST_N2 (thetalO=exp(ratio), RootMSE=sqrt (s2_h), alpha=alpha2, beta=(l-target_power), Nmax=(max_n - n[l]))
n2[i] <- max (n_tmp, min_n2)

# Stage 2
df <= n2[i] - 2
X <— rnorm(n=n2[i], mean=mlog, sd=sqrt (2*mse))

ratio <- mean (x)
s2_h <- (n2[i] -1)*var(x)/df/2 # not sigma_D"2!!

P2u <— pt( (ratio-ltheta2) * sqgrt(n2[i]/(2*s2_h)), df)

P21 <- pt( (ratio—-lthetal) * sqrt(n2[i]/(2*s2_h)), df, lower=F)
P2 <- max (P2u, P21)

wl <- sgrt(n[l])

w2 <- sqgrt(n[2])

T2 <— (wl*gnorm(1-P1l)+w2*gnorm(1-P2)) / (sqgrt(wl"2+w2"2))
BE[i] <- T2 >= gnorm(l-alphal2])

T2u <— (wl*gnorm(1-Plu)+w2*gnorm(1-P2u)) / (sqgrt (wl”2+w2"2))
T21 <— (wl*gnorm(1-P1ll)+w2*gnorm(1-P21)) / (sgrt (wl”2+w2"2))

BE2[i] <= T2u >= gnorm(l-alphal[2]) && T21 >= gnorm(l-alpha[2])
}
}
result <- c(mean(BE)*100, mean(BE2)*100, mean(stage2)*100, sum( n[l]+mean(n2) ) )
names (result) <- c("Power (max p)", "Power (piu & pil)", "Stage 2", "ASN")
return (result)
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3. Adaptive Design (Inverse Normal Method): | -
Vbt 1

o HfEIfEHT ( stage 1 )IZT BE AL DIGE . FIBBETEZITON. TDAHE
(X § HTH5S
SEIIZFERBITICT(EHMAE, RITEZED) B A 90% L2565z EH.
T=1=L stage 2 DE/IMHIEL( min.n2 ) 12 B, SAERE A ( stage 1 + stage 2 ) D
Ex A% ( maxn )% 48 Hil&ELT-
« MOEELLTIEIIEHAZTHRE DD, HHBERE (FIZIX 30% KiFE) DFEIE
ETEIBIHDEERET S THIHBEEEDORR. STEHIENGRELT IENDH D

> TOST_IN(n=c(12,12), min_n2=12, max_n=48, RootMSE=0.20, theta0=0.96, target_power=0.9)
Power (max p) Power (piu & pil) Stage 2 ASN

96.97200 97.63850 62.17050 29.04655

> TOST_IN(n=c(12,12), min_n2=12, max_n=48, RootMSE=0.20, theta0=0.96, target_power=0.9, ssr=2)

Power (max p) Power (piu & pil) Stage 2 ASN

97.9680 98.3615 62.2565 30.4594
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B Stage 1+ 2 DHET—5I-BTHE R‘)

Wassmer (2016) THBIT AL TULVS stagewise ordering [ZKAHETE AiEA.
Power2Stage() M) NERREEEL adaptive ci limits() DEEZHRZEL TEMRT S

( stage 2 ICBITLIZIZEDHETETHIRRATEZD)

& stage DHEHETIESE 0, . TDIZHEIRES se, .stage | DEEKEZ o, .
a1s=1—0{® (1 —ay) —6/ses} « prs=1— PO —8)/sei} &<
inverse normal JEIZBAT AHEEREEET C(p,py) =1 — d{w @71 (1 —py) +

Wz(b_l(l — pz)} &Tét\ 100 X a % 1%*5?'3&[3:\ lZl'FO)F'aEI’!iﬂI Q(s(pl,a, p2,5)
DEIABELOIE a &5D 6 . LETESINSD

1 1
° QS(PLS;PZ,S) =ayst f%a fo 1{C(x» y) < C(Pl,a»Pz,é‘)} dydx

» e, y) < c(prs Pas)} [FTEZEBREE
e a=0.050.95 DIEEILTEA 90% Cl. a =0.5 DIEEIL SHTEEELD
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=Z -Stage 1 +2 DHET—FICETEHTE

Stagewise Ordering [ZX& % s #E TE{E (Median Unbiased Point Estimate) & 90% CI

o diffi, semi. ni ITFNFNE stage D AHTEE. IZELE HIFEIETE
« a0 [Z stage 1 DAEEIKAE, a IZIEFERZZ 5 (0.5 or 0.05 or 0.95)

+ + 4+ + 4+ +++++++++++++ A+ A+ A+ 4V

so <— function(diffl, diff2, seml, sem2, nl, n2, al, a, lower_bnd=TRUE, maxiter=10000) {
# lower_bnd = TRUE creates lower bound 1 from one-sided interval (1, Inf)
# lower_bnd = FALSE creates upper bound u from one-sided interval (-Inf, u)

comb <- function(x, y, weight) l-pnorm(weight[l]*gnorm(l-x) + weight[2]*gnorm(l-y))
pd <- function(d, diff, sem, df, 1lt=FALSE) {
pt ((diff-d) /sem, df=df, lower.tail=1t)
}
indv <- function(x, d, weight, diffl, diff2, seml, sem2, dfl, df2, 1t=FALSE) {
matrix (apply(x, 2, function(z) comb(z[1l], z[2], weight) <=
comb (pd(d, diffl, seml, dfl, 1t), pd(d, diff2, sem2, df2, 1t), weight)), ncol=ncol (x))
}
library (cubature)
Qd_a <- function(d, al, a0, a, weight, diffl, diff2, seml, sem2, dfl, df2, 1t=FALSE) {
# direction of HO (>= 0 vs. <= 0)
sgn <- ifelse(1lt, 1, -1)
ald <- ifelse(al==0, 0, l-pnorm(gnorm(l-al) + sgn*d/seml))
ald + cubature::hcubature(f = indv, lowerLimit=c(ald,0), upperLimit=c(1l,1),
d=d, weight=weight, diffl=diffl, diff2=diff2, seml=seml, sem2=sem2,
dfl=dfl, df2=df2, 1lt=1lt, tol=le-10, maxEval=maxiter, vectorInterface=TRUE) $integral - a
}
dfl <- nl-2; df2 <- n2-2; weight=c(sgrt (nl),sqrt (n2))/sqrt (nl+n2)
diff_tmp <- (min(dfl,1e+06) *diffl 4+ min (df2,1e+06)*diff2)/ (min(dfl,1e+06) + min (df2,1e+06))
search_int <- diff_tmp + c(-6,6) * max(seml, sem2)
1t <- ifelse(lower_bnd, FALSE, TRUE)
uniroot (£=Qd_a, interval=search_int, al=al, a0=a0, a=a, weight=weight, diffl=diffl, diff2=diff2,
seml=seml, sem2=sem2, dfl=dfl, df2=df2, lt=1t, tol=le-10, maxiter=maxiter) $root
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=Z -Stage 1 +2 DHET—FICETEHTE

« Stagewise Ordering |Z& 5 R # 7F B (Median Unbiased Point Estimate) & 90% CI

o diffi. semi. ni ICFNFNE stage DEMWTEE. IZELE . HIFZEIETE
a0 [T stage 1 DFEKLEE, a [ZIEFEZRIZTIETE (0.5 or 0.05 or 0.95)

> # median Unbiased Point Estimate: exp(-0.0958092)=0.9086374

> so(diffl=1og(0.85), diff2=10g(0.95), seml=(0.3/4), sem2=(0.2/4),

> nl=16, n2=16, al=0.030367, a=0.50)
[1] -0.0958092

# 90% Confidence Interval based on Stagewise Ordering:
# [exp(-0.1718212), exp(-0.02278674)] = [0.8421297, 0.9774709]

nl=16, n2=16, al=0.030367, a=0.05)
1] -0.1718212

>
>
> so(diffl=10g(0.85), diff2=10g(0.95), seml=(0.3/4), sem2=(0.2/4),
>
[

> so(diffl=1og(0.85), diff2=10g(0.95), seml=(0.3/4), sem2=(0.2/4),

> nl=16, n2=16, al=0.030367, a=0.95)
[1] -0.02278674

27




v R

« BE®D PK ZAERELY. Cmax DA 0.96~1.04, Root MSE A3 0.2 LA TR
HEESNS, AUC [LLbE Root MSE £ Cmax [CHERTHRER
e Cmax [CEDWTOHM;FIMEHRFAZITS
* Fixed design T n=24 in total THLRIZH1=H, HEIBTICTHEZERSETS?

4 )
. ANEHER
Fixed

L Fixe n=24
\_ _J
- ) 4 A

not BE
(2 Group Sequential Sta_ge 1 ] Sta—ge 2
n=12 n=12
. % > 7
- ) 4 A
Stage 1 notBE | Stage 2

(3 Inverse Normal =19 n: 19~36

N\ J - ~
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« BED PK GRERKY. Cmax D LLAY 0.96~1.04, Root MSE A% 0.2 AR &
EEINS.AUC [LtE+ Root MSE + Cmax [ZEERTZEERRY
 Fixed design T 91%., #RERE LT n=24 in total
*  Group Sequential 75 FEHAEFIEE n=19.5 1A H DK 4% 8D
« Adaptive Design ZZof&EH DI ENSENEHEFIZRE 5 ~ 6 FIIBEZ S

> TOST_sim(n=24, RootMSE=0.20, theta0=0.96) # n in total (not per seq.)
CI based t-value based p-value based
91.169 91.169 91.169

> TOST_GS (n=c(12,12), RootMSE=0.20, theta0=0.96) # each ni in total (not per seq.)
Power Stage 2 ASN
87.08100 62.17700 19.46124

> TOST_IN(n=c(12,12), min_n2=12, max_n=48, RootMSE=0.20, theta0=0.96, target_power=0.9)
Power (max p) Power (piu & pil) Stage 2 ASN

96.97200 97.63850 62.17050 29.04655

> TOST_IN(n=c(12,12), min_n2=12, max_n=48, RootMSE=0.20, theta0=0.96, target_power=0.9, ssr=2)
Power (max p) Power (piu & pil) Stage 2 ASN

97.9680 98.3615 62.2565 30.4594 29
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