Beyond Outliers:
Unsupervised Anomaly
Detection in Clinical Trial Data
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A proposed unsupervised ML pipeline to detect
anomalies and provide a user-friendly output
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Why anomaly detection? Why machine learning?

S8 i

Why unsupervised? Why user-friendly outputs?
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Current Process

Only for EDC data (no cross-checking
between sources)
One dimensional

Fixed ranges for continuous data
Not longitudinal

Automated
checks

Automated
Queries

Manual checks
and visualisations

Manual
Queries

Validation
checks

Semi-automated
Queries

Manual inspection challenged by
current data volumes.
One or two-dimensional.

*  Multidimensional
*  Rule based




Edit Checks Limitation

« Only useful for detecting extreme values

Weight must be>=[consWeightRangeLower]
AND
Weight must be <= [consWeightRangeUpper]

100

95

Weight must be >= 40KG 90
AND
Weight must be <= 200KG 85

80

75

70

Visit 1

Subject A - Weight

Visit 2

Visit 3 Visit 4

—e—\Neight (KG)

Visit 5

Visit 6

Novo Nordisk®



Data Visualisation Limitations
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Data Understanding 1D, 2D, and 3D Anomalies
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Manual process Subjective
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Temporal Anomalies

g

O,

| —

Time-consuming
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Data Visualisation: Example

Weight for subject A throughout the trial
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Subject A seems to have
two discrepant observations

for weight at visits 3 and 9
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Data Visualisation: Example

Waist circumference vs weight for all participants in the trial. Box plot of weight for all participants in the trial.
Data for subject A in orange Data for subject A in orange
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Proposed Process

Automated Automated

checks

Queries

Al-driven Targeted manual
Anomaly inspection and
Detection visualisation

Manual
Queries

Validation Semi-automated

checks . ueries
. Flagged data points are further Q
Statistical and machine learning inspecped_ _
methods to detect anomalies in User-friendly and explainable

series trial data. understand the data and formulate

query text.




Data

Standardised datasets
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@) Vital signs

Laboratory

Numerical, continuous, and longitudinal
data
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Granularity of Anomaly Detection

Subject

Reconstruction based anomaly
detection methods can provide
anomaly scores on the granularity
needed for the data review process

Assessment

Data Cleaning

Country Site Subject Visit Assessment | Value Anomaly score

USA 1 1 3 WEIGHT 82 0.5
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Anomaly Detection Pipeline

Data
Preparation

[SDTM Data ]
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@ Developed in Python

Multivariate Time-Series ML

-
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Preprocessin Feature @I Missing Data Anomaly
b J Engineering Imputation Detection

~

[Specifications 1

« Variables and visits to include in final dataset
« Aggregation functions for repeated measurements
* Model parameters

Communication

of Results to
End-Users

® Manual step
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Anomaly Detection Pipeline - Example

Finding

Finding

Subject A Data

Weight

Waist
Circumference

Diastolic Blood
Pressure

Systolic Blood
Pressure

Subject A
Abs Reconstruction Error

Weight

Waist
Circumference

Diastolic Blood
Pressure

Systolic Blood
Pressure

1 2
70 72
98 95
80 82

120

1 2
1 1.3
1 3
1 3
3
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78

118
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96

80
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73

94
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Finding

Subject A Data

Imputed
Weight

Waist
Circumference

Diastolic Blood
Pressure

Systolic Blood
Pressure

Subject A Data
Reconstructed

Weight

Waist
Circumference

Diastolic Blood
Pressure

Systolic Blood
Pressure
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1 2 3
70 72
98 95
80 82 78
120 119 118

4 5
104 73
96 94
80 79
123 122

69

97

79

120

2
73.3

98

85
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74

116

4 5

74 72.2
97 93
82 78
125 125
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Exa l I l p I e Distribution of log of absolute reconstruction

Finding

errors from all subjects and visits for Weight

Subject A

Abs Reconstruction Error 1 2 3 4 5 An anomaly score is ce‘alculatec?
based on the cumulative density
Weight 1 1.3 30 0.8 th’ei'”'d function at each reconstruction
; I error
Waist 1 3 a2 l
Circumference i | )
. . l
lic Bl
Diastolic Blood 1 3 4 5 1 ]
Pressure
Systolic Blood 3 2 2 3 Reconstruction errors High reconstruction
Pressure close to 0. Anomaly errors. Anomaly

score close to 0 score close to 1

1

Subject A Subject A

Anomaly Scores 1 2 3 4 5 Anomaly Labels 1 2 3 4 5
Weight 0.4 0.5 0.99 0.3 Weight 0 0 1 0
Waist 0.2 0.7 0.75 0.3 Waist 0 0 0 0
> Circumference —_— > Circumference
S Diastolic Blood 0.3 05 06 03 025 2 Diastolic Blood 0 0 0 0 0
[ Pressure ' ' ' ' ' [ Pressure
Systolic Blood 0.6 03 03 04 Systolic Blood 0 0 0 0

Pressure Pressure
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Additional tests

IQR:
- Univariate label
- Temporal univariate label

Mahalanobis:

- Target variable and most
correlated one
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Explainability

:
Subject A Data

Weight 70
Waist 98
> Circumference
E Diastolic Blood
S 80
[y Pressure
Systolic Blood 120

Pressure
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2 3 4 5
72 104 73
95 96 94
82 78 80 79

118 123 122

From reconstruction

e Predicted value: 74

 Anomaly score: 0.99

« Anomaly label: 1

« Feature importance in prediction:

Weight from previous visit

Weight from next visit

Waist circumference at current visit
Waist circumference at previous visit
Waist circumference at next visit

From univariate and bivariate methods

« Classification based on univariate test on
value: High

« Classification based on univariate test on
absolute change since previous or next visit /
days since previous or next visit: Extremely high

« Classification based on bivariate test for
combination with most correlated feature at current
visit (when both collected): Odd (p<0.01)
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Conclusion

J
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Multivariate

As

Standardised

&

Time series

-

Automated
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Missing values

v -
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v

Explainable

This will serve as a recommendation pipeline, and we still need the human in the loop!
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Thank You!

Kian Norouzi

vxmn@novonordisk.com
{11]/in/knorouzi
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