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Hypothesis Testing
Type of Comparison



Type of Comparison in CT : Test for Equality

Z}YA 1) ur —uc >0 :Favors Test

2) Two sample parallel Group Design

L : the lower bound for two sided 100(1- a) % C.I
U : the upper bound for two sided 100(1- a) % C.I

- YX=H Lt
- YUXtH==SELL
+ 7T a



(. Type of Comparison in CT : Test for Equality

74A:
H,: /UT_/UCZO VS H,: My — K¢ =0

Favors Control Favors Test

) )
/ b \

o o
o o
oo

0 Test-Control




. Type of Comparison in CT : Superiority Trial

7+
H,: U1 — Hc = 05

VS

Favors Control

)

Favors Test

)

\ Superiority

0 o
O %

Os

Test-Control

0
oo

I



" Type of Comparison in CT : Non-Inferiority Trial

714
H,: Ur — Uc < Ong

VS

H,: Ut — Hc > Oy

onr < 0,6y H| €5 doHA K|

Favors Control

)

Favors Test

)

o O

o O

Test-Control



{ Type of Comparison in CT : Equivalence Trial

74
Ho @ lur —ucl = 8
VS
Hioo lpr — el <ée
_6e <.UT_MC<6e

e & SSHAX|

Favors Control

)

Favors Test

)

\ Equivalence

- O o
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Test-Control
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Primary Endpoint



Primary Variables
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« Stratified (Block) Randomization

- 0| = QIAtof| ol 2ol H| L 0| &l = & = ZHof B
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OE=Q0-MHd Al JHI| HF, 5 HEHo| S=E S

EX)
BLOCK SIZE =4
St - 01> (40~49M|, 50~59A, 60~69A),
S2(5,9),
SCHEEY, 29, HE5HT)
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Z A &4 (Statistical Analysis Set)

 ITT principle
* Full Analysis Set
* Per Protocol Set



. Statistical Analysis Population Set

B PPS(Per Protocol Set)
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Statistical Analysis Population Set

B Roles of the Different Analysis Set:

Minimize Bias, Demonstrate lack of sensitivity

o)
<)

o] A7} G A

5]
)

7} 2 TH(robustness).

14



Statistical Analysis Population Set

%
AldEA A= e F2A(TEST) 9 7159 - F=A9 vl

SEANEEL
Alek 1 8/20 = 0.40
FAS 20 15 )z 6/15 = 0.40
PPS 12 14 Al oF 1 8/12 = 0.67
thzoF :6/14 = 0.43
no. of Success | 8 6

Check Points

* Robustness
* Primary statistical analysis set
« Sample Size



. Statistical Analysis Population Set

. IR QEN IS WA HE S
. FEM 4T PPS
* NI margin : -0.05

0ot

N =

Seroprotection rate at 4 weeks after the final vaccination

Avalyis St One s1ded 59 C

Per-Protocol 100 % (93/93) 96.74 % (89/92) (0.003, 0.086)*

Full Analysis 100 % (105/105) 97.03 % (98/101) (0.003, 0.078)*

* Exact binomial confidence interval

16



Multiplicity Problem




Multiplicity Problem

v AMAEL 1T B

o o

oQ
Ja

Hi1 or Hi2, Hi1 and Hiz,

VX Ead HIIHS0 i
A or B, A and B
9| )

- PK study : AUC, Cmax
— combination drug : & 2 D MHS =& H JHE

— combined vaccine
AD} BHAI(DTPB)S W

AXE A
anti-HBs, anti-Diphtheria, anti-Tetanus, 2+ & X & 0 &

Jiset eMEtSS &=Sole Llg it gl &
anti-PT, anti—-FHAOIl LHet BAlEtS S & =ot= LIg A gls



Multiplicity Problem

Primary Variables : Composite Variable

. TSN ALE OSSYXZLE siLto] YT}
-

7O E CHER Yo HARK o] Zge
[=}

CHS AAK o] =g S E 2 A HAZMO| AL 003, Moz HE
o RE GO SO HE Aot HEof tieh 2= M A|Z|O{OF otCt, Soti 4
7t X2 MEE= 20 4 8 S0 Etd-dat 2|0| & 74X| 1 QUCHE,
T T S B2 2 ECL Bt MY SRR A8 = ER0= 2 W
8 Bt =, B M2 e, ORI M2, 2 IS e Hat XS fleh g
Skt Z2 /a5S 1850 0F gt

T gE Hohy & H 7}
=5 FEH] | 28 | yeog | 89 | HF 80
g | mue | T° gdsg | sasg
1 A7)
2 AY 227
3 of7t
4 4
3 Al 343
= ¥AOA | E7 | gooo | 89 | AF &
i #asjch | T° S@sd | Fdsd
1 obd 27
2 w Fete A3
v & - =1 T A 6wk
a4 2 0 | waa | *E | gasg | base
1 A e e
2 A &}
3 gk ApHlel A dejuz)
4 ] 7] _ :
5 e 7] Scale(point) Subscale
6 #7227 Pain(20) l’:n.in \fu!kinu. .min on sl::ir.\'., night
= Y5 el el - p:nn.'snnnu pain, standing pain
Y 73 7171 Stiffness(8) | moming, day
9 ot A7) (h)il'm d(.)wn s-lznil'x, guinur up .'\’luiris.
- arising from sitting, standing, benc
10 i S e 2 ing, \’\"ulking on ﬂ?ﬂ m'uun(f getting
1 ik Physical in and out of a car, shopping, put on
12 Adld &7 function(68) | socks, arising from bed, taking off
13 .%o §ol7}7]8} J 27| socks, lving down, getting in and out
14 o1 7] of bath, sitting, getting on and off
15 | shialdl Bol7b7)s e the toilet, heavy chores, light chores
16 BE 79 Total(96)
17 7§ sk

19



Multiple Primary Variables
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() Multiplicity Problem

Multiple Primary Objectives

m U.S. Food and Drug Administration www.fda.gov
| Protecting and Promoting Public Health

3-arm trials with a new treatment, an
active control, and placebo
» Comparisons of interest:
— Is new treatment superior to placebo?

— |s the active control superior to placebo?

— |Is the new treatment at least non-inferior to active
control with a specified margin of non-inferiority?

* Approaches:

— Koch and Rohmel (2004); Hauschke and Pigeot
(2005); Rohmel and Pigeot (2009)

48

www.fda.gov

m U.S. Food and Drug Administration
Protecting and Promoting Public Health

Drugs combination trials

+ Usually a factorial trial with treatments A+B, A, B and
placebo; A and B are approved components

* Important comparisons: A+B vs A, A+B vs B, and A+B
vs. placebo

— No multiplicity adjustment. Each test is performed at the 0.025
level by 1-sided test

+ Other comparisons: A vs. placebo, and B vs. placebo

 Statistical test strategy much more involved:

— when multiple drug combination (e.g., drugs A, B, C combined),
multiple doses and multiple endpoints

47

B10+L5 > B10O

AND

B10+L5 > L

OR

POWEREX —

B10 B10+L5

~ALPHAZH

B25+L5 > B25
) d

AND

B25 B25+L5 —~ POWERZH

B25+L5 > L5

Source : www.fda.gov

21



Multiplicity Problem

Multiple Comparison

LIHE XX S E 2ASH A H(T)IHE.
AIOHT) I JIZERIZEM (C) L AP, 2t 2& 109,
Lt 2 (leprosy bacilli) &= =&

AMOK(T 2| 2F(Placebo CHZ=CH(C ' .
=r(T) Rl ) HZSH(C) Duncan's Multiple Range Test Student-Newman-Keuls Test
i

¢ g & Means with the same letter are

0 2 10 not significantly different. Means with the same letter are

2 3 18 not significantly different.

Duncan Gro Mean N group )

8 1 5 uping SNK Grouping Mean N group

11 18 7 ( A 12.300 10 Control A 12.300 10 Control

4 4 12 . )

4 ) |

13 14 5 5 6.100 10 Placebo B 6.100 10 Placebo

1 9 16 5 B

8 1 1 B 5.300 10 Test

0 9 20 5.300 10 Test

N\ J
One-way ANOVA Tukey's Studentized Range (HSD) Bonferroni (Dunn) t Tests
Means with the same letter are Means with the same letter are
group apE% | 4 Mean+SE p-value Multiple Comparison not significantly different. not significantly different.
B Tukey Grouping Mean N group Bon Grouping Mean N group
A 12.300 10 Control A 12.300 10 Control

Control(1) 10 12.3+2.26 0.0305 = 1=2, 2=3, R R
Placebo(2) 10 6.1+1.95 B A 6.100 10 Placebo B A 6.100 10 Placebo
Test(3) 10 5.3+1.47 B 5.300 10 Test B 5.300 10 Test

» P-value from One-way ANOVA

« Multiple comparison by Tukey’s method
P P yuey cf) Dunnett’s Test 22



Sample Size Calculation




Procedures for Sample Size Calculation
In practice, two kinds of errors occur when testing hypotheses.

a = P(type | error) = P(reject HO when HO is true) f = P(type Il error) = P(fail to reject HO when HO is false)
1 — a = 1-P(type | error) = 1-P(reject HO when HO is true) Power = 1- g = P(reject HO when HO is false)
= P(fail to reject HO when HO is true) we assume (i) o7 and o are known, (ii) ny = no=n.
EX) Z-statistic can be used to test the mean difference.
The Z-test is given by
Xi~1id N(M,O'z),iZ 1,...,7’1 X—y
_ _ 7 =———=—=~N(0,1), under Hy: ur —uc =0
When o2 is known, a (1 — a) 100% CI for u can be obtained as of N ot
n n
_ g - |Z| >z,
XiZa/Zﬁ R 12 52/2
W =-—==>0~N(u",1), wunder Hy: ur —puc =29
E=lx- 4 |=24 2 \% : maximum error L.l

The corresponding power is then given by

Za/220'2 j"“-'ﬁ"'lhf-: 1) = 3{-.-'2} B F{-""'IIZF*J} = fa-r:.-':!}
=" = P{N(0,1) > 22 — u*}.

To achieve the desired power of (1 — 3)100%, we set
Zaja — B = —Zg

This leads to

¥ ]
il ["""!I|Ir +"TEEJ{‘:€:,.-'E + 25)°
fi = —— —'—JE .



Procedures for Sample Size Calculation

‘5l T Type I error(Significance level, a) 0| A 3| &
HERSE A AFSET| X[ K}

————— / pOll CHo 1001-a)% MBI PR SE 27L& HE 37| 34| (02 Y2 Y

/ | 2
. Formula ! fo Y
\\ /I n T —
\ J 2
eeee- ¢ E Zasp BT PRI T RIS, Ep F

Confidence Interval

Low Limit Upper Limit
X —Z °D X+ Z >0
a/Z\/ﬁ a/Zﬁ

25



Procedures for Sample Size Calculation

Typelerror(Significance level, a) 7} 3= 0] T & EJ 0| M HF2f 2|5t Statistical power(1 — g )& 7| /5K
ﬁEﬂP§J5%%E
AT BEE2AV|E FHSH| /I T2 ALE

-

Type of comparison Hy Hy, Sample size for control group Sample size for test group
2 2 2 —
(e — pe — 8)?
1+ 1/k)o%(Ze2° + Zg*
Test for Superiority Pe —pe >6(>0) u—uc <6 | n.= ( [K)0"(Zay2 > [
((ue — 1) = 6)
- Test f 8 > 0 : Superiority, ne = kng
-- - est for ) T
.7 ~ —_ —_ < . —
P \\\ Non—inferiority U — e >6(<0)  pe—pc <9 6 < 0: Non—inferiority
/
/ \
I ! _ 2 2 2 —
" Formula ': Test for Equivalence e — 1| < & |>Mz:8 Hel n = A+ 1/k)o*(Za)2 42-23 ) ne = kne
\ ) = (8 —lur — )
\\\ /,
\\\\~__ ——”/7|-xo_|
1) OolxzEHE 7) ke ZEH|0f| o &=
2) Eaih(e?)s Aot 7y 8) n.= AP BEE 37|01 = O
3) AI%*EE} RO ZEM2 22 ENE LS ZAo EE T

4)  pe—pee A|§Eo| 2 E - (ue) 2 CHE 2| 2 E T (u) 2| ALO| 9)  za, 24,25, 252 BE G2 EL Zth M,
5) e i >0 I LY Chb| A 80| Cf Shopa g 2 H 2
6) 62 ZIHKIO| AEO|MO YA o2 Q0|3 k0| HIGE N A am, BMH,gthMH HH 2 2| 4~0| C}
BO|Mo| HI IS A 817, S AN ZHA MO BN 87, S5 4
AE0Me 558 oA = 78

—




Analysis of Covariance




> =4t M (Analysis of Covariance)

« Subjects/patients2| 7| A& Elf 7} S ESHX| S}
- response/dependent variable0] k= O|X| 2|2} EHEHE| = X3 H-22tH = F2l2 9l o= QAL-E
=
- G A= EHA O M Oj2] "
)

/ \

[ [ [ I

| | | |

Baseline V1 V2 V3

28



A (Analysis of Covariance)

=
—

70

01

IH

ofLt Eol Tl ES

Yy =muta, +pX; teg;

(Covariate, Concomitant Variable)

| Al=

9

S
=

I
il
>
il

Ho

29

H, > a, #0 for at least one |

Hy, a =0 for all /



® Study Design : Parallel Design
Aot H=E(TL), DE (TS JIEXSH (O I

Lt 2 (leprosy bacilli) = =&

Treaﬁment
Baseline \
V1 V2
L4 4 X & 2H(T1)
DEH(T2)

HE=(C) ~

Juapuadapuy



®cxample

Al9H(T1) &lok(T2) ti=2(C)

X|Z &(baseline)| XIZF(V2) |XIZ&(baseline)] XIZF(V2) |XISZ&(baseline)| XIZF(V2)
11 6 6 0 16 13
8 0 6 2 13 10
5 2 7 3 11 18
14 8 8 1 9 5
19 11 18 18 21 23
6 4 8 4 16 12
10 13 19 14 12 5
6 1 8 9 12 16
11 8 5 1 7 1
3 0 15 9 12 20

> covariate : X| 22| M2 (K2R M XE2H 2| M0 3 2|ESIER)

31



® Assumption for ANCOVA

H'IB—IB_ _IB < S EMS
0/~ /2 Ma OhZ | 0f OF B}
ot
| —_
A2. SH2FO| § 1H= 00| ofL|C}
Step2: 8| AL EQ SHMASCR & ZE7|27|(2H
SR 242 512{3 0] 7hE e

ot 7|27 3280l
5, 072 7|—.F |
Felzihp =0 AX|E H

32



®Example : Output

Al. ME| 28 7|=27|7F S 25t

Stepl: 7|=7|2l 28 4%d

Ho B =p,=...=p,

Dependent Variable: y (Visit 2 L& o7 =)

Source DF Sum of Mean F Value Pr>F
Squares Square
Model 5 891.14205 | 178.22841 10.76 <.0001
Error 24 397.55795 | 16.564915
Corrected 29 1288.7
Total
R-Square | Coeff Var | Root MSE | y Mean
0.691505 | 51.51901 | 4.070002 7.9
Source DF Type Il SS Mean F Value Pr>F
Square
drug 2 8.5025845 | 4.2512923 0.26 0.7757
X (baseline) 1 564.56753 | 564.56753 34.08 <.0001
x*drug 2 19.644645 | 9.8223226 0.59 0.5606
*sededsotdE Ve s

o=

-
d

£|O{OF &

33



®Example : Output

_-oO—
Step 2 : 2| HA+S2| SREES2z &ElE SS7[27|(SHEL 21h7t 0 UX| BF
H,: =0

Dependent Variable: vy

Source DF Sum of |Mean Square| F Value Pr>F
Squares
Model 3 871.4974 290.49913 18.1 <.0001
Error 26 417.2026 | 16.046254 \ .
Corrected 29 1288.7 *ﬂfxifém
Total e
R-Square Coeff Var Root MSE y Mean
0.676261 50.70604 4.005778 7.9
Source DF Type lll SS |[Mean Square| F Value Pr>F
HOZ |4 >
drug 2 68.553711 | 34.276855 2.14 0.1384
S (EEELE
X(SEE) 1 577.8974 577.8974 36.01 <.0001 /|| ool TT=

oh

p-value(=0.1384)>0.05 & XIE& 2| LIZ 5 20t5t HEHUIA MK LIEXI2%2 A2 THEX %0

[



®Example : Output

Visit2

LSMean
drug y LSMEAN  Standard Error LSMEAN
Number
Control  10.1611017 1.3159234 1
Test 1 6.7149635 1.2884943 2
Test 2 6.8239348 1.272469 3

drug MEAN  Standard Error

P-value  One-way ANOVA :

Control 12.3 2.2610224
Test 1 53 1.4685594
Test 2 6.1 1.9462214

0.0305

Least Squares Means for effect drug
Pr > |t| for HO: LSMean(i)=LSMean(j)

Dependent Variable: y

1 2

3

0.0793 0.0835

0.9521
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®Example : Table

p-value from ANCOVA LSMean

95% CI

o
\J
o
&
\J

ANCOVA parameter

Drug

Baseline

Least Square Means and Drug difference

Test 1

Test 2

Control

Test 1 - Control
Test 2- Control
Test 1-Test 2

0.1384
<.0001

0.0793
0.0835
0.9521

6.71
6.82
10.16

1.288 4.066 9.364
1.272 4208  9.440
1.316 7.456  12.866

-1.324 432
-7.148 474
-3.799  3.581
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