
PhUSE Connect EU 2018

Model Enhanced 
Identification of Serious 
Adverse Events



2© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Laura Katz
Data Scientist, 
Medidata Solutions

Jingshu Liu
Lead Data Scientist, 
Medidata Solutions



3© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Background



4© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 



5© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Headache

Nausea

Fatigue



6© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Headache

Nausea

Congestive 
cardiac failure

Fatigue

Headache 
(hospitalized)

Sepsis



7© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Headache

Nausea

Congestive 
cardiac failure
….
….

Fatigue

Headache 
(hospitalized)
….
….Sepsis

….
….

Expedited Reporting



8© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Code of Federal Regulations, Title 21

“An investigator must immediately report to the sponsor any 
serious adverse event”
-- Sec 312.64

The sponsor must notify FDA and all participating 
investigators … in an IND safety report of potential serious 
risks, from clinical trials or any other source, as soon as 
possible ...
-- Sec 312.32



9© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

An event is considered serious when the patient outcome is:

• Death

• Life-threatening

• Hospitalization (initial or prolonged)

• Disability or permanent damage

• Congenital anomaly or birth defect

• Required intervention to prevent permanent impairment 

• Other important medical events (that may lead to the above)

® Medical and scientific judgement should be exercised in    
 deciding if an event is ‘serious’ in accordance with these criteria 

SAE Definition



10© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Challenges 
associated with 
SAE detection & 
reporting
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Detection of SAEs is a complex process
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Data for Medical Review
• Clinical database
• External data (e.g. lab data, ECG, imaging data, ePRO, diaries, etc.)
• Other reports (e.g. admission/discharge reports, autopsy reports, etc.)

• Important Medical Event (IME) list
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Important Medical Event (IME) list
• Developed in 2007 by EudraVigilance Expert Working Group

• Identifies MedDRA Preferred Terms (PTs) that are medically important regardless of 
presence of other regulatory seriousness criteria. Purpose is to facilitate:

• Classification of suspected adverse reactions
• Aggregate data analysis
• Case assessment for pharmacovigilance activities

• Provides a guideline, but not a 1-1 relationship between presence on the list and 
classification as serious
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Within and among 
organizations

Compounds the problem

Quantitative 
evidence is 
frequently 
lacking

Systemic and 
human error

Differing 
standards

Review is time-
consuming and 
costly

Challenges with 
Detection of SAEs

Many factors to consider
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Model-Enhanced Detection of SAEs
Objective:
Construct a classification model that reliably detects likely-SAE

Benefits:
• Improves probability of detecting SAEs without reducing probability of correctly 

classifying non-SAEs
• Prioritizes (S)AEs for medical review with greater precision
• Provides quantitative & objective evidence of AE seriousness
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standardized industry 
AE data
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>15,000
Trials

>4,400,000
Trial subjects

Medidata Enterprise Data Store
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1M
Adverse Events Data

1.8K 130
AE records Trials Sponsors
- 6% serious - Completed

- Give-to-Get data rights
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Seriousness 
rate 
increases
with severity 
grade

Number of events: 672K           319K            81K             8K               4K

%
 s

er
io

us

0%

20%

40%

60%

80%

100%

1-M
ild

2-M
od

era
te

3-S
ev

ere

4-L
ife

 th
rea

ten
ing

5-F
ata

l

Non-serious

Serious



20© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

AEs with high
seriousness 
rate

% serious: 82%   73%   68%   65%     53%     35%     34%    31%    29%    29%
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multivariate probabilistic 
models
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AE

MedDRA
terms 

Severity

Demographics

Event 
Duration

Outcome

Patient Event 
History

Concurrent 
Events

IME Study-level 
features

*Future consideration: hospitalization, lab values, medical history, conmeds, etc.

... Sponsor

Phase
Indication

Age

Race

Sex

...

Time between 
events

Serious/severity of 
events

First event?

Multiple events?

...

...

Features
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true positives false positives

true negativesfalse negatives

Precision = 

How many selected 
events are SAEs? 

Recall = 

How many SAEs are 
selected? 

Precision: 0.75
Recall: 0.5
Precision: 0.5
Recall: 0.75

How Do We Evaluate Model Performance?
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Benchmark Model: IME + Severity
Rule: Classified as SAE if AE on IME list or Severity = Grade 3 (Severe) or higher

Random Model
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Random Model

Model 1: Logistic regression
Features: Severity, MedDRA PT, indication, average previous occurrence seriousness, age
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Learns interaction 
between features of 

each event

Model 2: Neural Network
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Learns interaction 
between features of 

each event

Learns how to 
use patient 
history without 
manual feature 
engineering 

Model 2: Neural Network

Learns complex 
interactions 

between concurrent 
events 



30© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Features: All event-, patient-, study-level features (e.g., Severity, MedDRA PT, event on IME or not, etc.)

Model 2: Neural Network

Random Model

Neural Net

* Area under the PR curve (PR-AUC): 
Logistic regression - 0.71, Neural Net - 0.77
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Review is time-
consuming and costly

Systemic and human 
error

IME + 
Severity

Neural Net

96% 41%

Amount of review needed 
to capture 99% of SAEs

Challenges Addressed 
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Many factors to consider

Quantitative evidence is 
frequently lacking

Challenges Addressed 
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A New Hope
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Prioritize events for 
review 

Tool integration

Prioritize events for 
review 
Deep dive into 
decision factors
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Prioritize events for 
review 
Deep dive into 
decision factors

Tool integration



36© 2018 Medidata Solutions, Inc. – Proprietary and Confidential 

Value of Model-Enhanced 
SAE Detection

Improves
Accuracy

Reduces 
Time

Reduces 
Workload

Our model outperforms the 
industry baseline of IME + 
Severity Grade by a large 
margin

Our model can evaluate an 
event and the corresponding 
patient profile to make a 
prediction in seconds

Our model prioritizes records 
for review with higher 
precision
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Thank you.


