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Overview msregister

The monitoring team ensures the compliance of each center to the study protocol and the

requirements of good clinical practice (ICH-GCP)

* |ICH E6(R2) Good Clinical Practice Guideline 0

EUROPEAN MEDICINES AGENCY

SCIENC MEDIC NES EALTH

1 December 2016

* Purpose of CSM: Identifying atypical centers EMA/CHMP/ICH/135/1995

Committee for Human Medicinal Products

Guideline for good clinical practice E6(R2)
* Current methods focused on outlier/inlier detection on a patient level and demonstrated the usage
of principle component analysis on center level

* Ourfocus is on comparing centers to identify potential deviations in clinical practice
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Central statistical monitoring of investigator-led clinical trials

in oncology
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Objectives msregister

* Multiple comparisons of single centers to the Grand Mean of all centers

* Applying statistical methods to cover ordinal data
* |dentify requirements/settings needed for each potential method

* The appropriate sample size N per center

* Application of potential statistical methods on medical registry data to identify atypical

center(s) in comparison to the Grand Mean of the data as a whole
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German MS Register (GMSR) data

Expanded Disability Status Scale (EDSS) Distribution by Center

msregister

center center center center center
1 2 3 4 5
2
e
C:1-l- III--I -I- II.IIII-IIIIIII_ IIIII I [ ] II [ | - | I . | I ] I | || [ ]|
center center center center center
7 10
2
M Type 1
] B Type 2
M Type 3
8 I I
CJI ai b .. -IIIIII.---II----_ III llll ——— IIIIIIII-_ | [N, IIIIIIII-...I-II_
center center center center center
11 12 13 14 15
2
S
IIII_I_ - - lI III. L Il,__ 11l IIII_IIII--_I____ L II-IIII--I _____
i A A = - A A 7 = MRCI A T YRR YR I
30.09.2026 © 2026 MSFP | ISCB GMDS 2026 6



Approach: Comparisons to Grand Mean msregister

* Foragiven model with parameters m; and possibly unbalanced samples sizes n;, the

grand mean m can be computed by m = Z{zl%mi

* Comparisons of each center parameter m; to the grand mean m can then be written as a set of
k=1,...,K linear contrasts, with contrast coefficients ¢, = (Ck1, Ck2, Ck3> --- Ck1)

c _(1 n1 nz n3 n,
1 — T Rr v Ay 2 ar? Ty
N N N N
nq np ns3 ny
= (— — 1—— —_—— —_——
c2 = ( N’ N’ N’ N

* The deviations d, of each center from the grand mean can then be written as:
I
dy =mi— —m = z Cki M,
i=1
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Approach: Comparisons to Grand Mean msregister

* Testing the null hypothesis: no center deviates from the overall mean
Hy= dy = (mjzp —m) =0
versus the alternative hypothesis that at least one center deviates from the overall mean

Hy= dy =(miyz,—m)#0

* Family-wise error rate (FWER=0.05): the probability of obtaining at least one falsely significant

result among all centers.
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Method 1: Cumulative link model msregister

Fit a cumulative link model (CLM)

Logit function:

P(Y <))\ _ ,
10g(P(Y>j)> =0;—xp

Differences between centers as only predictor

Allows including additional covariates (ex: center types)

Extract estimates and
corresponding estimated variance
covariance matrix

Apply multiple contrast test on Multiplicity adjustment based on
etimates the correlation matrix

Implemented in R:
* Modelfitting: package ordinal, function clm(), (Christensen, 2025, version 2025.12-29)
 Multiple contrast tests: package emmeans, function emmeans(), (Lenth & Piaskowski, 2025, version 2.0.0)
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Method 2: Non-parametric approach (Nparcomp) msregister

No specific distributional assumption for data outcome
* Center effects are defined as relative effectsp; = (¥; < Y)

* Relative effects are estimated by samples comparing observations
1
* Explicitly allows for discrete, tied data

 Performs multiple contrast tests between centers’ relative effects

Multiplicity adjustment is based on the correlation obtained from the standardized variance

covariance matrix (of relative effects)
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Simulation set up msregister

* One-way layout with I centers and n; patients per center

* Latentvariable sampled from logistic distribution

* Thresholds to obtain ordinal data from latent variable: predefined quantiles of logistic distribution
* GlobalH,:

* location (0) and scale (1) parameters equal across all centers
* thresholds equal across all centers

Parameter Values / Settings
Number of centers 5,10, 20, 50
Number of patients per center 10, 20, 50, 100, 200, 500, 1000
Number of categories in ordinal response 3,5,10, 20
Distribution pattern 1 (relatively even categories) p = (0.5,0.3,0.2)
Distribution pattern 2 (rare high scores) p = (0.5,0.45,0.05)
Number of simulations per setting S =1000
30.09.2026 © 2026 MSFP | ISCB GMDS 2026 11
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Family-Wise Error Rate
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Family-Wise Error Rate
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Contrasts of center means with Grand Mean for msregister
GMSR data set

Comparison to global GM (CLM) Comparison to GM within center type (CLM) Comparison to global GM (Nparcomp)
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Take home message msregister

Cumulative link models are more suitable in controlling FWER for GM comparisons whenn; < 20

Nparcomp inflates FWER up to 40% wheni = 50 and n; < 20

For both CLM and Nparcomp FWER control improves with increasing categorical levels

Further simulations needed for unbalanced designs

Power simulations are required to identify sample sizes that achieve adequate power while

maintaining FWER control
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