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Motivation
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Background: Statistical methods for (in vitro) toxicology

Data structure:

A number of well defined biological assays

Dichotomous, count, continous data

In simple one-way layouts or hierarchical layouts

Experimental questions:

Proof of equivalence or proof of hazard vs. a control group

In both settings: relevance of the effect size is of interest

Often, relevance can be most easily defined as ratio (fold change)

→ Focus is on confidence intervals for ratio parameters
→ Unadjusted and simultaneous confidence intervals needed

F. Schaarschmidt (LUH, Germany) R-GUI for statistics in toxicology 5 / 40



Availability of statistical methods for toxicologists

Confidence intervals for dissimilarity among groups

For relevant distributions

Trend or multiple dose comparisons to an untreated control

Often not available in standard statistical software

Available in R

Plain R-code is a hurdle for many users.

Hence:

Selected statistical methods

Accessable via Graphical User Interface (GUI)
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Statistical methods
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General concepts

Unadjusted confidence intervals

Proof of Safety: Marginal (1− 2α) confidence intervals or (1− α)
confidence limits

Post-hoc interpretation of confidence limits

Test decisions by graphical presentation of confidence intervals and
relevance margins

Simultaneous confidence intervals

Simultaneous confidence intervals for multiple contrasts in the
generalized linear model [Hothorn et al. (2008)]

Comparisons to control (analogous to [Dunnett (1955)])

Williams type of trend test vs. a control [Williams (1971), Bretz (2006)]

Down-turn-protected trend test [Bretz and Hothorn (2003)]
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Statistical methods I

Dichotomous data in cross tables

One-way layout only

Odds ratio, risk ratio and risk difference

Cochran-Armitage test

[Holford (1989), Agresti (1990), Piegorsch (1991), Piegorsch and Bailer (1997), Hothorn and Bretz (2000),

Gerhard (2007, technical report), Sill(2007, technical report), Schaarschmidt et al. (accepted a),

Schaarschmidt et al. (accepted b), Schaarschmidt(2008, technical report)]
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Statistical methods II

Dichotomous data in higher layouts

Layouts with covariates or secondary factors in the generalized linear
model (logit-link)

Odds ratio

Binomial, quasibinomial and betabinomial assumption

[McCullagh and Nelder (1989), Chambers (1992), Hothorn et al. (2008), Gerhard (2007, technical report)]

Count data

One-way layout and layouts with covariates or secondary factors in
the generalized linear model (log-link)

Ratio

Poisson, quasipoisson and negative binomial assumption

[McCullagh and Nelder (1989), Chambers (1992), Venables and Ripley (2002), Hothorn et al. (2008),

Gerhard (2008, technical report)]
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Statistical methods III

Continuous data, Gaussian response

Ratios and differences

Assuming homogeneous or heterogeneous variances

Higher layouts: confidence intervals for differences, assuming
homogeneous variances

[Dilba et al. (2006), Schaarschmidt (2007b, technical report), Hasler (2008b, technical report), Hasler and Hothorn (accepted),

Hothorn et al. (2008)]
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Statistical methods IV
Solutions for some special problems

Comparisons to negative and positive control for Gaussian data):
multiple three arm design [Pigeot et al. (2003), Hasler et al. (2008), Hasler and Hothorn (accepted)]

Simultaneous confidence intervals for equivalence in comparisons to
control [Bofinger and Bofinger (1995), Hauschke et al. (1999)]

Proof of equivalence and proof of hazard for multiple endpoints with
Gaussian response [Quan et al. (2001), Hasler (2008a, technical report)]

Non-parametric unadjusted and simultaneous confidence intervals for
relative effects [Konietschke (2008, internal report)]

Variance components and fixed effects inference in nested models
[Pinheiro and Bates (2000)]

Unadjusted confidence intervals for differences and ratios of means
assuming log normal distribution [Chen and Zhou (2006)]

Power calculation for two sample and multiple comparisons settings
[Bock (1998), Genz and Bretz (1999), Bretz and Hothorn (2002), Hauschke (1999)]
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Graphical user interface
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Graphical user interface - Structure I

Free software, written in Java

Data import

xls (properly filled sheets without formula)

txt

csv

Descriptive graphics

Based on available R-packages grid and lattice

Box-Whisker plots including jittered dots of single observations

Mosaic plots for table data

Scatterplots

Possibly grouped by secondary factors
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Graphical user interface - Structure II

Statistical methods accessable:

Via statistical terminology
I Scale of measurements
I Experimental design
I Experimental questions

Via example evaluations of assays
I Local lymph node assay
I Ames assay
I Micronucleus assay (in vitro and in vivo)
I Comet assay
I BALB/3T3c cell transformation assay

Graphical tools following model fit and inference

Residual plot

QQ-Plot

Plots of confidence intervals
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Graphical user interface - Structure III

Export of results

PDF file summarizing the user information, the data set, statistical
methods, results and graphics

Export of selected tables in formats compatible to HTML and LaTeX

Export of selected graphics as PDF, PNG, GIF and JPEG

Help

HTML pages for all items in the menus

Explaining arguments in the GUIs menus

Short methodological description

References
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Installation and Dependencies I

Plattforms

Microsoft Windows

Linux

Mac OS X

Different versions

With R server (Web start, without local R installation!)

With local R (Web start)

With local R (Installer)
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Installation and Dependencies II

Dependencies

Current version of Java: Java Runtime Environment (JRE)

Adobe Reader or Xpdf

For versions with local R: R-2.7.1 and the packages mratios,
multcomp, binMto, MCPAN, xtable, cluster, Hmisc, vcd, MultEq,
ETC, nparcomp, exactRankTests, pairwiseCI
[CRAN - The Comprehensive R Archive Network]

Detailed description of installation at:
http://130.75.68.4:8080/rjavaclient/install.php

Contact: help@biostat.uni-hannover.de
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We would appreciate, if you use the Stat4tox and send us your
comments!

Thank you for your attention!
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Supplementary - The GUI in action
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Example 1: Ames assay

Response variable: number revertant colonies on a plate

One control group, five dose groups (008, 04, 21, 106, 532)

Three replications each

A negative binomial model to account for potential overdispersion

For which of the dose groups can a non-relevant increase (say, less
than 1.2 times as many revertants as in the control) be inferred
with 5% type-I-error probability?
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Results

Comparison Estimate Lower Upper adj. p-value

D008 / C 0.627 0.000 1.005 0.005
D04 / C 0.746 0.000 1.167 0.036
D21 / C 0.966 0.000 1.467 0.353

D106 / C 0.847 0.000 1.306 0.128
D532 / C 0.983 0.000 1.490 0.394

Table: Simultaneous 95%-confidence intervals and adjusted p-values for ratios for
Dunnett-contrasts.
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Example 2: Micronucleus assay

Response variable: Number cells with micronuclei relative to the total
of 1000 cells per observation

One control and six dose groups (05, 10, 25, 50, 100, 200)

A secondary factor with 2 levels (donor)

A quasibinomial model, with donor included like a block

Can an increasing trend in the odds to observe micronuclei be
inferred for increasing dose levels? - Williams-type trend test
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Comparisons control 0.02 0.05 0.1 0.25 0.5 1.0 2.0

C 1 −1 0 0 0 0 0 0 1
C 2 −1 0 0 0 0 0 0.5 0.5
C 3 −1 0 0 0 0 0.33 0.33 0.33
C 4 −1 0 0 0 0.25 0.25 0.25 0.25
C 5 −1 0 0 0.20 0.20 0.20 0.20 0.20
C 6 −1 0 0.17 0.17 0.17 0.17 0.17 0.17
C 7 −1 0.14 0.14 0.14 0.14 0.14 0.14 0.14

Table: Coefficients of contrasts calculated on scale of the odds.



Comparison Estimate Lower Upper adj. p-value

C 1 9.170 5.666 Inf 0.000
C 2 6.703 4.166 Inf 0.000
C 3 5.160 3.211 Inf 0.000
C 4 4.261 2.654 Inf 0.000
C 5 3.473 2.162 Inf 0.000
C 6 3.031 1.888 Inf 0.000
C 7 2.655 1.654 Inf 0.000

Table: Simultaneous 95%-confidence intervals and adjusted p-values for odds
ratios for Williams-contrasts.





For more examples...

See the Assays menu in Stat4tox !
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