THIET KE AB/BA TRONG KIEM PINH THUOC
Nguyén Pinh Hién

Bo mon Cong nghé phan mém

Tém tit

Trong Y hoc, Nong nghiép, Gido duc va nhiéu nganh khac c6 mot loai thi nghiém rat phd bién véi

cai tén kho dich cho dlng y nghia 1a Cross over (tam dich 12 bit chéo). Thi nghiém nay bét ngudn tir thiét

ké AB/BAB d thir nghiém hi¢u luc ctia 2 loai thuéc A, B sau d6 mé rong ra thanh thiét ké Cross over

dé thir nghiém nhiéu loai thude va dé so sanh nhiéu cach xir Iy (Treatment) trong cac loai kiém dinh khac.

Trong bai nay chiing toi tap trung gidi thiéu thiét ké AB/BA, bai sau s& gi6i thi¢u vé Cross over.

Summary

Crossover designs are popular in medicine, agriculture, manufacturing, education, and many other

disciplines. We begin with a two period, two treatment crossover design AB/BA, to compare two

medicaments A, B. The Crossover design (trial) in general is more complicate and will be present in the

next paper.

1- Gi6i thi¢u thiét ké crossover AB/BA

Dé so sanh hiéu lyc cua 2 loai thuc A va B nguoi ta chon ngau nhién 2 nhom ca thé.

Nhom 1 gdbm m c4 thé dung thube A, nghi mot thoi gian (wash out time dé loai anh hudng du

thira cua thude & giai doan 1) rdi ding thudc B. Nhom 2 gdm n cé thé thi nguoc lai ding thude B,

nghi mot thoi gian roi ding thude A.

Giai doan 1 Nghi Giai doan 2
Day 1 A B
Day 2 B A

C6 2 mo hinh hay dung Ia mé hinh Grizzle va mé hinh Koch
M®& hinh Grizzle

Yig=p+bj + m + O + ki + gk

Yij 1a s lidu thu duoc trén ca thé j clia ddy i, & giai doan k khi ding thuéc m, w14 trung binh

chung, bj 1a anh huéng ngau nhién cua cé thé, gia thiét phan phdi chuan N(0,cy’), 7, 1a anh

hudng co dinh cua giai doan k, @, 1a anh huong co dinh cua thuoc m, g, 1a sai s6 ngau nhién

gia thiét phan phéi chuan N(0,6,%), Ay 14 anh hudng dur thira va c6 2 gia tri: Ax 12 anh huong du

thira ctia A trong day AB, Ag 1a anh hudng du thira ctia B trong ddy BA.

S liéu trong Excel duogc ghi vao bang sau, c6 tinh thém téng C va hiéu D

Ci thé Day Giai doan 1 | Giai doan 2 Tong Hiéu
(don vi) Sequence Period 1 Period 2 Sum C D
1 Ylll Yle Yll 1+ Yle Ylll - Y211
Day 1 e e c
m Yllm YZlm Yllm + Y21m Yllm - Y21m




Tb cgng Y_1 ) Y_21 C,(Y) D,(Y)
1 Y1 Y21 Y1+ Yoo Yio1— Yo
Day 2
n Yion Y oon Yion+ Yoo Yion— Yoo
Tb cong Y_12 Y_22 C,(Y) D,(Y)

Mo hinh Grizzle s& dugc trinh bay k¥ ¢ phan sau.
2- M0 hinh Koch
a- M hinh Koch dua trén ky vong ctia cac trung binh cong (goi thude A 1a 1, thude B la
2) cua bang trén

Ky vong ctia cac trung binh cdng:

Dédy AB Y, ptm+d; _21 Pt Ty + Dyt Ap
DayBA Y, up+m +®d; Y,, u+m+®0+ Ag
Suy ra Ky vong cua :
C(Y) 2u+m+m +®+dDy+ha
CZ(Y) 2utm + m + D+ D, + A Cl(Y)' CZ(Y) Aa - g
51(Y) -1 + ®1—Dy -ha
D,(Y) m-m +®-D; -hg D,(Y) - D,(Y) 2(®;—®2) + (ks - Aa)
DY) +D,(Y) m-m -(s+))
Tu d6 c6 cach tinh:

Kiém dinh T vé tac dung du thira voi gia thiét Hy: A =2a - Ag = 0 hay Aa=12Ag

_ [ C)-CV)
" VN /(5Q., +5Qc,) /(N -2)

SQc: va SQc; 1a cac tong binh phuong do 1éch cua diy tong sb C; va ddy C,
Quy trinh kiém dinh nay thuong goi tit 1a SEQ

Néu chép nhin Hy: A = 0 thi kiém dinh gia thiét (@, — ®,) =0 hay ®, = @,
bang kiém dinh T

_[mn_ (By(Y)-D,(Y))
N /(SQp,+SQp,)/ (N —-2)

2

SQp: va SQp;, 14 cac téng binh phuwong do 1éch cia ddy hiéu sé D, va ddy D,
Quy trinh kiém dinh nay thuong goi 1a CROSS
Néu bac bo gia thiét Hy vé tac dung du thira (tirc 1a chp nhan A # 0) thi xem xét hiéu

sO ctia két qua ¢ giai doan 1 (trong bang goi 1a Y_11 va Y_12 ).



Y, - Y, cokyvong®;—d,. Tirdé co kiém dinh T ddi voi gia thiét (O, - D;) =0

_[mn

(Y_ll — Y_lz)

To=]—
N /(SQ,+SQ,,)/(N-2)

SQy1 va SQy, 1a cac téng binh phuong d6 1éch cia day $6 Yy, VA day Y,

Quy trinh kiém dinh nay thuong goi 1a PAR

Ngoai ra néu khong c6 tac dung du thira (A = 0) c6 thé kiém dinh anh huéng cua giai

doan (Kiém dinh gia thiét m; — m, = 0) bang tiéu chuin T

2.3 Thi du cu thé [3]

So6 ligu goc

mn

4

VN /(5Qp, +5Qp,) 7 (N —2)

(D.(Y) + D, (Y))

Viét lai dé tinh trong Excel

Hiéu
F formoterrol S salbutamol cathe Day Y1l Y2 Tong C D
A B 1 AB 310 270 580 40
ca
the Day S F 2 AB 310 260 570 50
1 FS 270 310 3 AB 370 300 670 70
2 SF 370 385 4 AB 410 390 800 20
3 SF 310 400 5 AB 250 210 460 40
4 FS 260 310 6 AB 380 350 730 30
5 SF 380 410 7 AB 330 365 695 -35
6 FS 300 370 Thinh 337.143 306.429 643.571 30.714
7 FS 390 410 Téng doléch 173429 251357 784357 6521.4
9 SF 290 320 8 BA 370 385 755 -15
10 FS 210 250 9 BA 310 400 710 -90
11 FS 350 380 10 BA 380 410 790 -30
12 SF 260 340 11 BA 290 320 610 -30
13 SF 90 220 12 BA 260 340 600 -80
14 FS 365 330 13 BA 90 220 310 -130
Thinh 283.333 345.833 629.167 -62.5

Tong doléch  55533.3 25120.8 151321 9987.5

2.4 Két qua tinh trong Excel

Kiém dinh T trong quy trinh SEQ (dung bién C; va C,)

Pre-test to check assumption of negligible carryover effects:

=B B43.57 —629.17
Test statistic: T = =0.1791 ;
IR \/ 13 o (7843571 + 151320.83)/ 1 !
p value: p =0.8611.
Kiém dinh T trong quy trinh CROSS (diing bién D; va D,)
Test for differences between treatment effects
Tost statistic: T= 1 | =l 30.71 - (C6250) _ _, 5947.

p value: p = 0.0012.

13 +/ (6521.43 + 9987.50) / 11




Kiém dinh T trong quy trinh PAR (dung bién Y11, Yoo )
Test for differences between treatment effects

T [7><6( 337,143 —-283,33 y—1,188
13 (17342,86 +55533,33)

11

Test statistic

Kiém dinh T d06i véi giai doan

Test for period

Test statistic & £ S Sy
T = (7= (3U,?1+. 4 bn,.-ALJJJ =—1, 4749
1= (D21, 9242987, 50)

11

2.4 Chwong trinh SAS dbi véi quy trinh Koch

data senn;

input patient sequence $ B A;
cards;

AB 310 270
BA 385 370
BA 400 310
AB 310 260
BA 410 380
AB 370 300
AB 410 390
BA 320 290
AB 250 210
10 AB 380 350
11 BA 340 260
12 BA 220 90
13 AB 330 365
run;

OCoO~NOUITRWN -

proc print data=senn;

title 'Thi du cross over AB/BA";

run;

data diff;

set senn;

sum=A +B;

dif2= A - B;

if sequence="AB' then difl= A,

if sequence="BA' then difl= B;

if sequence="AB' then dif=0.5*(A-B);

if sequence="BA' then dif=0.5*(B-A);
run;

proc sort data=diff;

by sequence;

run;



proc univariate data=diff ;
by sequence;

var A B sum dif difl dif2;
title2 "Thong ke co ban';
run;

proc ttest data=diff;

class sequence;

var sum difl dif dif2;

title2 'Kiem dinh T%;

run;

proc nparlway data=diff wilcoxon;

class sequence;

var sum difl dif dif2;

title2 'Kiem dinh phi tham so ;

run;

Chuong trinh nay do chung t6i bién soan lai tur 1 $b chuong trinh cia SAS bao gém

phan doc s6 liéu (két qua khi ding thudc A, B), tao ra cac bién Difl & cot 1 (X , Y1), bién tong
Sum (C1, C2), bién hiéu Dif (D1, D2), bién Dif2 (D1,-D2).

Chuong trinh cho kha nhiéu két qua:

Phin théng ké co ban:
Céc sb dac trung co ban clia cac bién X1, Y1, X2, Y2, C1,C2, D1, D2 trong hai day
AB, BA.
Phin kiém dinh T:
Kiém dinh T ddi véi (Cy, Cy), bién Sum, Quy trinh SEQ
Kiém dinh T di v6i (D;, D,), bién Dif, Quy trinh CROSS
Kiém dinh T dbi véi (X1, Y1), bién Difl, Quy trinh PAR
Kiém dinh T di v6i (D1, -D2), bién Dif2, kiém dinh anh huéng cua giai doan
Kiém dinh sy bang nhau ctia phuong sai cho ca 4 quy trinh
Phan kiém dinh phi tham sé:

Kiém dinh Wilcoxon two sample test cho ca 4 quy trinh

Thi du két qua trong phan thng ké co ban dbi véi bién Sum



Thi du

cross over AB/BA

Thong ke co ban

sequence=fb

The UNIVARIATE Procedure

09:10 Monday, March 8,

VYariable: sum
Moments
H Fi Sum Heights Fi
Mean b43.571429 Sum Observations 4505
Std Deviation 114, 335555 Var iance 13072.619
Skewness =0, 3455241 Kurtosis =-0.3664792
Uncorrected 55 2977725 Corrected 55 78435.7143
Coeff Variation 17.7657309 S5td Error HMean 43.2147776

Bazic Statistical Measures

Location Variability
Mean 643.5714 5td Deviation 114, 33555
Median 6G70.0000 Var iance 13073
Mode . Range 340, 00000
Interquartile Range 160.00000
Thi du cross over AB/BA 09:10 Monday, March 8,

Thong ke co ban

sequence=Bnf

The UNIVARIATE Procedure

Variable: =um
Homents
H [ Sum Heights [
Mean 629. 166667 Sum Observations 3775
S5td Deviation 173.965993 VYariance 30264 . 1667
Skeuwness =1.4737256 Kurtozis Z.41696396
Uncorrected 55 2526425 Corrected 55 151320.833
Coeff Variation 27.650224 Std Error HMean f1.0213192
Bazic Statistical Measures
Location Variability
Hean 629.1667 S5td Deviation 173.96599
Hedian 660 . 0000 Var iance 30264
Hode . Range 480.00000
Interquartile Range 155. 00000
Két qua kiém dinh T
T-Tests
Variable Method Var iances DF t Value Pr > 1t}
E=101))] FPooled Equal 11 0.18 0o.8611
E=101))] Satterthwaite Unequal 8.43 o.17 0. 8665
difl FPooled Equal 11 1.19 02597
difl Satterthwaite Unequal 7¥.18 1.13 0.2345
dif FPooled Equal 11 4 .32 0o.0012
dif Satterthwaite Unequal 5.1 4,22 0.0022
difz FPooled Equal 11 -1.47 0.1683
dif2 Satterthwaite Unequal 9.1 -1.44 0.1838



Két qua kiém dinh phi tham s

Thi du cross over AB/BA 09:10 Monday, March 8,

Kiem dinh phi tham so
The HPARIWAT Procedure

Wilcoxon Scores (Rank Sums) for Variable sum
Clas=sified by VYariable seguence

Sum of Expected Std Dew Mean
sequence N Scores Under HO Under HO Score
AB 7 47.0 49.0 7.0 6.714286
BrA [ 44 .0 42.0 7.0 7.333333

Hilcoxon Two-Sample Test

Statistic 44,0000
Mormal fApproximation

ra 0.2143
One-Sided Pr > 2 0.4152
Two-Sided Pr > |2} 0.8303
t fApproximation

One-Sided Pr > 2 0.4170
Two-Sided Pr > {21 0.8339

Z includes a continuity correction of 0.5.

Kruskal-Hallis Test

Chi=Square 0.0816
DF 1
Pr » Chi=Square 0.7751

3 M6 hinh Grizzle
Yik=p+bj +m + Oy + Ay + g

Yij 1a s lidu thu duoc trén ca thé j clia ddy i, & giai doan k khi ding thue m, 14 trung binh
chung, bj 14 anh hudng ngdu nhién cla ca thé, gia thiét phan phéi chuin N(0,0,?), e anh hudng
¢ dinh cua giai doan k, @, anh hudng ¢b dinh cua thude m, g 1a sai ) ngau nhién gia thiét
phan phéi chuin N(0,6.%), Am 13 4nh huong du thira va c6 2 gia tri Aa 14 anh huéng du thira cua
A, g la anh huéng du thira cta B.

4.1 S6 lidu (14y trong tai liéu [4] viét lai theo 5 cot)

Cathe day gdoan  thuoc hieuluc
1 AB 1 A 15
1 AB 2 B 10
2 AB 1 A 14
2 AB 2 B 11
3 AB 1 A 16
3 AB 2 B 10
4 AB 1 A 15
4 AB 2 B 9
5 AB 1 A 16
5 AB 2 B 9




6 BA 1 B 11
6 BA 2 A 15
7 BA 1 B 10
7 BA 2 A 14
8 BA 1 B 9

8 BA 2 A 16
9 BA 1 B 12
9 BA 2 A 15
10 BA 1 B 11
10 BA 2 A 14

C6 thé tinh bang General linear model trong SPSS nhung két qua rét it khéng dugc nhu mong
mubn. Chi cé SAS 1a ¢é cic doan chuong trinh t6t dé tinh crossover AB/BA

4.2 Két qua trong SPSS 16

LIMIAMNOYW A, hluc BY day gdoan thuoc cathe
fRAMDOM=cathe
MAETHOD=S5TYPE(S)

ANTERCEPT=IMCLUDE

EMMEANS=TABLES(gdoan) COMPARE ADJLSD)
EMMEANS=TABLES(thuoc) COMPARE ADJ(LSD)

/CRITERIA=ALPHALDS)

DESIGM=day gdoan thuoc cathe(day).

Dependentariablehluc

Tests of Between-Subjects Effects

Type ll Sum
Solrce of Sguares df hWean Sguare F Sin.
Intercept Hypothesis 3175.200 1 3175.200 T.086E3 aon
Erraor 3.600 a 4500
day Hypothesis 200 1 200 444 524
Error 2.600 o] 4502
gdoan Hypothesis 1.800 1 1.800 1.440 2h4
Error 10.000 a 1.2480%
thuoc Hypothesis 115.200 1 115.200 92 160 .oon
Errar 10.000 2] 1.2500
cathea(day) Hypothesis 3.600 a 480 L360 4148
Error 10.000 o 1.250"
a. ME{cathedday)
b. MS{Errorn
Estimates
DependentWariable-bluc
95% Confidence Interval
thuoe ean Std. Errar Lowwer Bound Upper Bound
A 1a.000= 354 14184 15814
B 10,2003 354 0.385 11.015

a. Based on modified population marginal mean.

4.3 Chwong trinh SAS S liéu ¢ phan 4.1 voi tén cdt seq (day ) patient (c4 thé ) period
(giai doan) trt (thuoc) result (hi¢u lyc)

4.3.1 using glm
proc glm data=orig ;
class seq patient period trt ;
model result = seq patient(seq) period trt ;

random patient(seq) ;




test h=seq e=patient(seq);
Ismeans seq trt ;
run; */use type Il sums of squares */

4.3.2 using Proc Mixed with a Random Statement.
proc mixed data=orig ;

class seq patient period trt ;

model result = seq period trt ;

random patient(seq) / subject=patient

type=cs;

run ;

4.3.3 using proc mixed with a repeated statement.
proc mixed data=orig ;

class seq patient period trt ;

model result = seq period trt ;

repeated / subject=patient type=cs r;

run ;

[*obtained the same results with type=un.*/

Két qua SAS
The GLM Procedure

nt Variable: dur

Sum of

Sowce DF Squares Mean Square F Value Pr >F
Model 11 120.8000000 10.9818182 8.79 0.0024
Error 8 10. 0000000 1.2500000
Corrected Total 19 130.8000000

R-Square Coeff Var Root HMSE dur Mean

0.923547 8.873286 1.118034 12.60000
Source DF Tvpe 111 55 Mean Square F Yalue Pr > F
seq 1 0.2000000 0.2000000 0.16 0.6996
subj(=eq) g 3.6000000 0.4500000 0.36 0.9151
treat 1 115%.2000000 115%. 2000000 92.16 ¢. 0001
per iod 1 1.8000000 1.8000000 1.44 0.2645

Tests of Hypotheses Using the Type | M5 for subj(=seq) as
DF

Source Tvpe | 55 Mean Square

seq 1 0.20000000 0.20000000

an Error Term
F Value
0.44

Pr » F
0.5237



HO:LSHeanl=

LSHean?
treat dur LSHEAN Pr » It}
f 15.0000000 €.0001
B 10.2000000
treat dur LSHEAN 95% Confidence Limits
f 15. 000000 14.184704 15.815296
B 10.200000 9.384704 11.015296

Leazt Squares Means for Effect treat

Difference

Between 95% Confidence Limits for
i i Means LSHean( i J-LSHean( j )
1 z 4.800000 3.646998 5.953002

4.4 Tinh theo md hinh Koch trong Excel

Cathe Day | 2 C D 1
11 1 A8 15 10 21 25 5 15
2 2B 14 11 25 3 14
3 A8 16 10 25 ] 16
4 2B 15 9 24 B 15
=} =] 16 o 25 7 16
Thinh 25 5.4 15.2
TBFDI 2 9.2 2.8
12 Y22
B BA 11 15 26 -4 15
v B 10 14 24 -4 14
=} B =] i1=] 25 -7 i1=]
=] B 12 15 =r -3 15
10 BA 11 14 25 -3 14
Thinh 25.4 4.2 14.8
TBFDI 5.2 10.8 2.8
cary over T1 0.667 Treatment T3 | D.756
Treatmeant T2 9.6 Period T4 1.2
Tinh theo m6 hinh Koch trong SAS
Thi du cross over ABSBA
Thong ke co ban 09:5%0 Thursday, HMarch 11
--------------------------- sequence=BA --------------——m——
The UNIVARIATE Procedure
VYariable: sum
Moments
H 5 Sum Heights LY
MHean 25.4 Sum Observations 127
Std Deviation 1.140175%43 Variance 1.3
Skewness 0.40479601 Kurtosis =0.1775148
Uncorrected 55 3231 Corrected 55 5.2

Coeff Variation 4.48887963 S5td Error Mean 0.50990195



——————————————————————————— sequence=AB

N

Mean

Std Deviation
Skeuwness
Uncorrected 585
Coeff Variation

Variable

SUm
sum
difl
difl
dif
dif
dif2
dif2

VYariable

Sum
difl
dif

dif2

Tai li¢éu tham khao:

The UNIVARIATE Procedure
Variable: dif

Sum Obserwvations

MHoments
5 Sum Heights
2.7
0.75828754 Var iance
=-1.1180799 Kurtosis
38.75 Corrected 585
28.0847239

Method

Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite
Pooled
Satterthwaite

S5td Error HMean

T-Tests
Var iances

Equal
Unequal
Equal
Unequal
Equal
Unequal
Equal
Unequal

DF

8
6.68
8
8
8
f.35
8
¥.95

Equality of Variances

Method

Folded F
Folded F
Folded F
Folded F

Num DF

B

Den DF

B

LY
12.5
0.575
1.45557656
2.3
0.3391165
t Value Pr > It}
-0.67 0.5237
-0.67 0.5273
0.76 0.4714
0.76 0.4714
9.60 £.0001
9.60 £.0001
1.20 0.2645
1.20 0.2647
F Value Pr > F
2.60 0.3772
1.00 1.0000
1.17 0.8803
1.17 0.8803
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