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Introduction

 Two aspects to data quality
e |dentifying anomalous data or observations
e Investigating why the unusual data may have occurred

* |dentification
* Exceed a statistically-relevant threshold
e Meaningful A, though not significant
e In general, when results do not align with our
expectations

* |[nvestigation
 Natural differences among patients or technique

e Carelessness
e Misconduct
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Mahalanobis Distance

e Mahalanobis distance is often recommended to
identify unusual observations from many variables

* Considers the pairwise correlation among

variables
e Distance is often calculated from the centroid, or

the multivariate mean

e Two considerations
e Qutliers: Patients extreme in one or more covariates that
cause them to be far away from the centroid
e Inliers 121: Patients close to the centroid that could be
considered too good to be true
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Challenge

o Efficiently identify inliers and outliers

* Potentially create thresholds of varying severity to
triage numerous signals

* |Investigate what contributes to the outlier by
partitioning the distance among the covariates

e Quickly and easily...

e ... and without a lot of statistics or numbers
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Data

* Phase Il clinical trial to examine the safety and
efficacy of the xanomeline transdermal therapeutic

e Patients with mild to moderate Alzheimer’s disease

e 254 patients randomized 1:1:1 to either high or low
dose xanomeline or placebo

e 17 clinical sites

e 44 covariates measured at baseline: age, vital signs,
laboratory measurements and a subset of items
from questionnaires

e Data available from CDISCj;
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Mahalanobis Distance

Mahalanobis Distance
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Investigation

e |dentified the outliers and inliers

* Question that we constantly received
e What covariates caused outliers to be unusual?

e Partition the squared-distance into components
that reflect the degree to which each covariate
contributes

* Call these components c;;, ith person, jth covariate

e Values aren’t particularly meaningful
* Compute proportions p;; of the squared-distance

attributable to a covariate
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Investigation

e Some math:
o C = (YCSE)D 1 ET defines contributions, though no

stralghtforward interpretation

2 _ \'P 2
° ti — j=1 Cij
2

* Define contribution proportions p;; = i—liz], the proportion
of the squared Mahalanobis distance of observation i
that is attributable to covariate j
e Contribution proportions have more
straightforward interpretation and can leverage
Pareto plots for summary
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Pareto Plot - Medication Errors
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Pareto plot of medication errors

Help identify the vital few issues
that may affect quality.
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Investigation

Percent of Squared Mahalanobis Distance
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Investigation

Percent of Squared Mahalancbis Distance
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Pareto plots per person — 01-709-1301
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Covariates ordered according to contribution
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Mahalanobis Distance

Gamma Glutamyl Transferase (U/L)
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Box plots to assess meaningful covariates in context of entire population.
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Mahalanobis Distance
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Mahalanobis Distance

Word Recall Task Percent of Squared Mahalanobis Distance

Weight (kg)
Vitamin B12 (pmol/L) [ ] %0
Urate (umol/L) 80
Thyrotropin (mU/L) [ | 70
Systolic Blood Pressure (mmHg) 50
Sodium (mmol/L) 50
Pulse Rate (beats/min)
Protein (g/L) 40
Orientation 30
Npi-X {9) Total Score 20
Monocytes (GI/L) 10
Lymphocytes (GI/L) 0

Leukocytes (GI/L)
Irritability/Lability Score
Hemoglobin {mmol/L)
Height (cm)
Glucose (mmol/L) [
Gamma Glutamyl Transferase (U/L) [ ]
Erythrocytes (TI/L)
Ery. Mean Corpuscular Hemoglobin (fmol(Fe))
Ecsinophils (GI/L) [ ]
Disinhibition Score [ |
Diastolic Blood Pressure (mmHg)

Depression/Dysphoria Score Heat map to assess which covariates

Delusicns Score . .
Pelayed Word Recal contribute to outlier status.
reatinine (umol/L)
Creatine Kinase (U/L) [ ]
Cholesterol (mmol/L)
Chloride (mmol/L)
Calcium {(mmol/L)
Blood Urea Nitrogen (mmol/L)
Bilirubin (umol/L)
Basophils (GI/L)
Aspartate Aminotransferase (U/L) [ |
Apathy/Indifference Score
Anxiety Score
Albumin (g/L)
Alanine Aminotransferase (U/L)
Agitation/Agression Score
Age
Adas-Cog(11) Subscore
Aberrant Motor Behavior Score
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Conclusions

e Assessed unusual observations

e Described thresholds of varying severity

* Proposed contribution proportions as a
straightforward way to identify influential covariates

e Visualize contribution proportions with Pareto plots

e Use additional graphics to assess outliers in the
context of the population

e Limitations

e Requires normality of original covariates
e Not useful for inliers
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https://www.cdisc.org/system/files/members/article/application/zip/updated_pilot_submission_package.zip
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