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1. A toxicological example

 Validation process of new tox-assays.
demonstrating similar sensitivity in several laboratories

the majority of non-toxic chemicals = -

the majority of toxic chemicals = +
in al labs, i.e. no qualitative interaction

o Common design [C, D4,...,Dy]
o Assay similarity= similarity of the dose-response curves, or at

least ssimilarity of incrementsversusCinal labs, i.e. no
guantitative interaction




Example: HCB immunotox study (Schulte et al., 2002), liver weight

doses individuals
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2. Common approaches of interlaboratory comparisons

Recommendation: Estimation of intra- and interlaboratory variance, typically
as Mandel plots (ASTM Committee E-11 on Statistical Methods, 1993)

Mandels within—laboratory consistency statistic k
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Mandels between—laboratory consistency statistic h

h_i SuUM

1234 1234 1234 1234 1234 1234 1234 1234 dose
=1 - =2 - a3 - =4 =5 =6 — =7 =8 — exp

However: All toxicologica studieswould fall these criteria
of reproducibility=> directed on al absolute values




3. Interlaboratory study in toxicology

Different absolute values

endpoint

Show similarity of dose-response curvesover labs
= similarity of effect sizes, but not similarity of the
absolute values




4. | nteraction contrasts

|) Testing interaction in two-way layout: DOSE x LAB
common by F-test. Global test only; no confidence intervals

1) Demonstrating ssmilarity between labs
Similarity = equivalence of selected interaction
contrasts = TOST; but a-priori no equivalence margins

known = estimation of (1-2a) confidenceintervals
(Schuirmann, 1987).




[11) Tetrad pairwise interaction contrasts

L(L-1) (k+Dk

5 > tetrad pairwise interaction contrasts

max{‘(luu _,Uu-)_(,urj _:ul'j') ‘}
I=1,.., L-1:I'=2,..., L, j=0,..., k-1; ' =1,..., k

Simultaneous confidence intervals:




Q0o the guantile:

Bradu and Gabriel (1974) Bonferroni approach

Hochberg and Tamhane (1986) range statistics (balanced)
Westfall et al. (1999) simulation-based (MC-sm)

Bretz et a. (2002) any design based on the multivariate t-
distribution with arelated correlation structure

But al-pairs comparisons between the doses are not the

experimental question = reduce the number of comparison to
many-to-one between the doses only




V) M any-to-one interaction contrasts
L(L-2)
2

max{| (/Jlj - /Jlo) - (/Jrj —H 'o) |}

(I=1,...,L-1; I'=2,....L; j=1,...,k; j=0 ... contral).

ThisUIT alows all elementary decisions, i.e. simultaneous confidence
intervals (Gabriel, 1969)

L

Ho: U U‘(/Ju _/Jm)_(ﬂrj _/Jro)‘ >0

|=1,1'=2 j=1,]'=2

k- many-to-one-by-lab-interaction contrasts

(Notice in the example with 1+3 doses and 8 |abs; 168 all-pairsvs. 84
many-to-one comparisons)

| nter pretation:
 based on a-priori chosen 9, e.g. + 3g liver weight difference
o [or aposteriori chosen 9, e.g. ....]




Example:

90% Conf. interval

Contrast Lower Upper
(a2-al)-(b2-b1) -1,56 1,73
(a3-al)-(b3-b1) -1,88 141
(ad-al)-(b4-b1) -2,08 1,21
(a2-al)-(c2-cl) -1,02 2,27
(a3-al)-(c3-cl) -0,55 2,74
(a4-al)-(c4-cl) -1,83 1,46
(a2-al)-(d2-d1) -1,65 1,69
(a3-al)-(d3-d1) -1,86 1,47
(ad-al)-(d4-d1) -2,12 1,22
(a2-al)-(e2-el) -1,36 1,93
(a3-al)-(e3-el) -1,45 1,83
(ad-al)-(e4-el) -2,44 0,84
(a2-al)-(f2-f1) -1,17 2,12
(a3-al)-(f3-f1) -0,69 2,59
(ad-al)-(f4-f1) -1,86 1,60
(a2-al1)-(g2-g1) -0,92 2,37
(a3-al1)-(g3-gl) -1,63 1,66
(a4-al)-(g4-gl) -1,43 1,86
(a2-al)-(h2-h1) -1,34 1,95
(a3-al)-(h3-h1) -0,75 2,54
(a4-al)-(h4-h1) -0,22 3,07
(b2-b1)-(c2-c1) -1,10 2,19
(b3-b1)-(c3-c1) -0,31 2,97
(b4-b1)-(c4-cl) -1,39 1,90
(b2-b1)-(d2-d1) -1,73 161
(b3-b1)-(d3-d1) -1,63 1,71
(b4-b1)-(d4-d1) -1,68 1,65
(b2-b1)-(e2-e1) -1,44 1,84
(b3-b1)-(e3-el) -1,22 2,07
(b4-b1)-(e4-el) -2,01 1,28
(b2-b1)-(f2-f1) -1,25 2,04
(b3-b1)-(f3-f1) -0,46 2,83
(b4-b1)-(f4-f1) -1,42 2,04
(b2-b1)-(g2-g1) -1,00 2,29
(b3-b1)-(g3-g1) -1,40 1,89
(b4-b1)-(g4-g1) -1,00 2,29
(b2-b1)-(h2-h1) -1,42 1,87
(b3-b1)-(h3-h1) -0,51 2,78
(b4-b1)-(h4-h1) 0,21 3,50
(c2-cl)-(d2-d1) -2,27 1,07
(c3-c1)-(d3-d1) -2,96 0,38
(c4-c1)-(d4-d1) -1,93 1,40

(c2-c1)-(e2-el)
(c3-c1)-(e3-el)
(c4-c1)-(ed-el)
(c2-c1)-(f2-f1)
(c3-c1)-(f3-f1)
(c4-c 1)-(f4-f1)
(c2-c1)-(g2-91)
(c3-c1)-(g3-91)
(c4-c1)-(g4-91)
(c2-c1)-(h2-h1)
(c3-c1)-(h3-h1)
(c4-c1)-(h4-h1)
(d2-d1)-(e2-e1)
(d3-d1)-(e3-e1)
(d4-d1)-(e4-e1)
(d 2-d1)-(f2-f1)
(d 3-d1)~(f3-f1)
(d 4-d 1)-(f4-f1)
(d2-d1)-(g2-g1)
(d3-d1)-(g3-g1)
(d4-d1)-(g4-g1)
(d2-d1)-(h2-h1)
(d3-d1)-(h3-h1)
(d4-d1)-(h4-h1) 0,21
(e2-e1)-(f2-f1)
(e3-e1)-(f3-f1)
(e 4-e1)-(f4-f1)
(e2-e1)-(g2-91)
(e3-e1)-(g3-91)
(e4-e1)-(g4-91)
(e2-e1)-(h2-h1)
(e3-e1)-(h3-h1)
(e4-el)-(h4-hl) 0,58
(f2-f1)-(g2-1)
(13-11)-(g3-g1)
(f4-11)-(g4-g1)
(f2-f1)-(h2-h1)
(f3-f1)-(h3-h1)
(f4-f1)-(h4-h1) -0,18
(92-g1)-(h2-h1)
(93-91)-(h3-h1)
(04-91)-(h4-h1)

-1,99
-2,55
-2,26
-1,79
-1,79
-1,67
-1,54
-2,73
-1,25
-1,96
-1,84

-0,04

1,41

-1,28
-2,02
-1,21
-0,52
-1,43
-0,96
-1,46
-1,00
-1,38
-0,57

3,54

-1,45
-0,88
-1,06
-1,20
-1,82
-0,63
-1,62
-0,94

3,87

-1,40
-2,58
-1,39
-1,82
-1,70

3,28

-2,07
-0,76
-0.43

1,30
0,74
1,03
1,50
1,50
1,79
1,75
0,56
2,04
1,33
1,45

3,25
1,93
2,05
1,32
2,12
2,81
2,08
2,37
1,88
2,33
1,95
2,76

1,84
2,40
2,40
2,09
1,47
2,66
1,67
2,35

1,89
0,71
2,07
1,47
1,59

1,22
2,53
2.85




4 4 0

=

X4 - XControI
a 1 392
b 2 435
c 3 410
d 4 437
e 5 472
f 6 4.05
g ¢ 370
h 8 249

Comparison C- vs. high dose between labs e, d, bvs. h
Lab h reveals alower effect size
Eliminating lab h: global F-test p>>0.10, no CI relevant

Increased ==> all labs are ssmilar according to their
comparisonsvs. C- ... perfect!




V) Interaction contrasts based on order restriction

1) Incremental contrasts (not really order restricted)

max{| (ILIIj _,uu—l) - (,urj _:ul'j—l) |}

I1) | sotonic contrasts
Order restriction: Hy it Sty <. 4 [<

Confidence intervals:
L(L-1)

(2 =1 | sotonic contrasts (Bretz 1999)

K K
max{' Zleulj _chﬂl'j |}
=0 =0

Still more contrasts (e.g. 196), but with very high correlated!




Alternative

Contrast coefficients

Hi 'l =ty = 1, < g

—0.09, -0.09, -0.09, 0.27

HP e <ty = 1, = 4

—0.27, 0.09, 0.09, 0.09

HY @ e = 1y < 1, = s

—0.16, -0.16, 0.16, 0.16

Hy' e < = 1, < g

-0.27,0, 0, 0.27

Hy @ phe <ty < 1ty < (g

—0.28, -0.04, 0.04, 0.28

HY @ e = 1 < 4y, < iy

—0.16, -0.16, 0.04, 0.28

HY e < gy < pt, =

—0.28, -0.04, 0.16, 0.16

| sotonic contrasts for balanced design [C, D4, D», D3]

Margin for equivalence: +£30 g difference




Lab Contrast Lower90% CL  Upperm0%CL e vsf 12,0 42,7

a vsb 6. — -17,9 9,0 evs.g -3,9 20,0
avsc Hl . IUC - lul < IUZ < lu3 -16,6 10,2 e vsh 53 29,1
avs.d -17,8 9,2 fvs.g -7,9 17,8
avse 21,5 53 fvsh 1,2 26,9
a vsf -16,5 12,1 gvs h -2,8 21,1
a vs. -15,2 11,7 avshb 3. — —_ -15,7 8,2
a \/er1J -1,4 25,5 avsc Hl ‘He = Hy < Hy = H3 -10,5 13,4
b vsc -12,2 14,7 avsd -15,3 8,7
bvsd -13,3 13,7 avs.e -16,4 7,5
b vs. e -17,0 9,8 a vsf -10,5 14,0
b vsf -12,0 16,5 avs.g -14,4 9,4
bvs g -10,7 16,2 avsh -1,8 22,0
b vsh 31 29,9 b vsc -6,7 17,1
cvs.d -14,5 12,5 b vs.d -11,6 124
cvs e -18,3 8,6 bvs. e -12,6 11,2
c vsf -13,2 15,3 b vst 6,8 17,7
cvsg -11,9 14,9 bvsg -10,7 13,2
cvsh 1,8 28,7 b vsh 19 25,8
dvs e 17,3 9,7 cvs.d -16,8 7,2
d vsf 123 16,4 cvse 17,8 6,0
dvs. g -11,0 16,0 c vsf -12,0 12,5
d vsh 2.8 29,8 cvsg -15,9 8.0
e vsf -8,4 20,1 cvsh 33 20,6
evsg 7.1 19,8 ddvs fe '173;31 1(7)2
Vs -7, ,
e vsh 6,7 33,6 dvs g 112 129
fvs g -13,8 14,7 d vsh 1,4 255
fvsh 0,0 28,5 e vsf 6,0 18,4
g \Cztt] 1 5532 28762 eved 100 13,9
avsc H1 == < -18,4 54 fe VV:S _12(’365 286’05
avsd '15,3 8,6 fvsh _3,9 20,6
avs. ? igi ?2 gvs h ) 0,7 24,5
avs -10, y . - - -
avs.g -12,2 11,7 . \622 Hi e <t = 1y = _173,156 ig:i
avsh -3,0 20,8 avsd -14,0 10,4
bvsc -15,2 8,7 avse -12,9 11,0
b vs. d -12,0 11,9 a vsf 8,3 15,8
bvse -16,9 6,9 avs.g 9,2 14,7
b vsf '14,8 10,9 avsh _4,3 19,5
bvs.g -8,9 15,0 b vsc -5,8 18,1
b vsh 03 24,1 b vs. d -12,3 12,1
cvs.d -8,8 15,1 bvse -11,2 12,7
cvs e -13,7 10,2 b vsf -6,6 17,5
c vsf -115 14,2 bvsg -7,5 16,4
cvs.g -5,7 18,2 b vsh -2,6 21,2

cvsh 3.5 27.3 cvs.d -18.4 5.9




d vsf
dvs.g
d vsh
e vsf
evsg
e vsh
fvs. g
fvsh
gvs.h
avshb
avsc
avs.d
avs e
a vsf
avsg
a vsh
b vsc
b vs. d
bvs e
b vsf
bvsg

b vsh
cvsd
cvs.e
c vsf
cvs.g
cvsh
dvs. e
d vsf
dvs.g

d vsh
e vsf
evsg
e vsh
fvs. g
fvsh
gvs.h
avsb
avsc
avs.d
avs e
a vsf
avsg
a vsh
b vsc
b vs.d
bvs e
b vsf

H': e < th = 1y < s

HY @ e <ty < 1, = 4y

-6,7
7,6
2,8
7,3
-8,2
34

-13,0
-8,2
-7,1

-18,3

-16,2

-18,7

-21,5

-16,5

-12,7
2,2

-12,4

-15,0

-17,8

-12,7
-9,0
1,5

-17,1

-20,0

-14,9

-11,2
-0,7

-17,9

12,8
-9,0
1,4
-9,5
5,8
47

-12,4
1,9
-4,1

-16,9

-16,9
-16,9
-10,2
-13,3
-2,2
-6,3
-13,5
-13,4
-6.8

178
16,7
21,6
16,7
15,6
20,5
11,0
15,9
16,8
10,9
13,0
10,9
7.7
143
16,5
27,0
16,8
14,7
114
18,0
20,2
30,7
12,5
9,2
15,9
18,1
28,5
118
18,4
20,6
31,1
21,2
234
33,9
18,3
28,8
25,1
10,0
17,2
10,4
10,0
17,2
13,6
24,6
20,6
138
135
20,6

cvsg -17,0 9,9
c vsh -5,9 20,9
dvs e -13,8 13,5
d vsf -7,2 20,7
dvs.g -10,2 171
d vsh 0,8 28,1
e vsf -6,8 20,6
evs.g -9,8 17,0
evsh 1,2 28,1
fvs.g -17,0 10,4
fvsh -6,0 21,4
g vs. h -2,4 245
avsbh 5. -18,9 10,6
avee HiTHe <y <[y <[ 157 138
avs.d -19,2 10,8
avs.e -21,8 7,7
a vsf -16,0 15,1
avsg -13,9 15,7
avsh -1,6 27,9
b vsc -11,6 18,0
bvs.d -15,0 15,0
bvs e -17,7 11,9
b vsf -11,8 19,3
b vs. g -9,7 19,9
b vsh 2,5 32,1
cvs.d -18,2 11,7
cvs.e -20,9 8,7
c vsf -15,0 16,0
cvsg -12,9 16,6
c vsh -0,7 28,9
dvs. e -17,9 12,1
d vsf -12,0 19,5
dvs.g -9,9 20,1
d vsh 2,4 32,3
e vsf -8,9 22,1
evs.g -6,8 22,8
e vsh 5,4 35,0
fvs.g -14,2 16,9
fvsh -1,9 29,1
g vs. h -2,5 27,0

Again lab h behaves not similar, but rejection of lab h
shows similarity for al but one shape of dose-response.

I nter pretation:

« selecting ‘best fitting’ shape, here H°




V) Special case: linear contrastsonly
(Equivalence approach for paradlel-line assay)

Comparison 90% lower CI 90% upper CI
avsb -9.4 4.2
avsc -85 52
avs.d -9.4 4.4
avs. e -11.5 2.2
avsf -8.5 6.1
avs.g -7.9 5.8
avsh 0.3 14.0
bvsc -5.9 7.8
bvs. d -6.7 7.0
bvs. e -8.9 4.8
bvsf -5.7 8.8
bvs. g -5.3 8.4
bvsh 2.9 16.6
cvs.d 7.7 6.1
cvs. e -9.8 39
cvsf -6.7 7.8
CVvs.g -6.2 1.4
cvsh 1.9 15.6
dvs. e -9.0 47
dvsf -5.9 8.7
dvs. g -5.4 8.3
dvsh 2.7 16.5
evsf -3.7 10.8
evs. g -3.3 10.4
evsh 49 18.6
fvs.g -7.2 7.3
fvsh 1.0 155
gvs. h 14 15.0




 |.e. homogeneity of 2 or more straight lines where doses are in groups
(model | of linear regression), where for modell 11 see Bofinger (1999)

 This can be generalized to any contrast, eg. sSmilarity of a step
contrast, or a concave contrast,...




5. TAKEHOME MESSAGE

o Similarity of multi-labs dose-response assays can be demonstrated by (1-
2a) confidence intervals of specified interaction contrasts

 For unbalanced designs SAS and R software (Bretz et al., 2002)
available: both resampling and parametric (can be downloaded from
www.bioinf.uni-hannover.de)

e Theapriori or even post hoc definition of margins for equivalence for
the differences in absolute terms or relative to SD remains difficult ==>
confidence intervals for aratio to control are more appropriate (%
change) ==> further research
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