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Artificial Intelligence (AI)

Computer science wherein computer algorithms are trained 

to perform tasks typically associated with human intelligence
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AI augments human abilities
and becomes a part of our digital world.

Our Belief
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Analytics & Healthcare

Software as a medical device

Care processes

Business processes

Nature Medicine: Januari 2019
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Personalized medicine



Case 1:
Lung cancer
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To do analysis based on a patients’ 

entire omics

Challenge
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Omics

Muta Copy Meth mRNA miRNA Prot

Data
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Key findings

Survival curve adenocarcinoma

Cluster A

Cluster B



Case 2:
Treatment of 

Colorectal Liver Metastases
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Colorectal cancer
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Colorectal liver metastases
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Why?

• Outcomes vary between patients 

• Progression despite operation

• Prevent unnecessary surgery & chemo
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Deliverables

•Chemo response assessment 

• Recognition of liver metastases 

• Recognition of location & relation

• Radiomics & Genomics
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Diagnosis is not the clinical problem…
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Target lesions
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RECIST

Response (30%)

Stable disease

Progression  (20%)
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Response to chemotherapy
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Response to chemotherapy
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Response to chemotherapy
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Response to chemotherapy

Inter-observer variability occurs in both 

measuring the tumor burden and calculating the interval change 
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Response to chemotherapy

Different selection of target lesions is another major 

cause of observer variability 
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Response to chemotherapy



Company Conf ident ia l  – For Internal  Use Only
Copyright  © SAS Inst itute  Inc.  A l l  r ights reserved.

Compare CT scans on a pixel level



DICOM-RT Contour Data

DICOM-RT FileReference DICOM image Mostly Manual Segmentation

DICOM Universal ID (UID)
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Lesion & Liver surfaces along with original CT
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Total Lesion Volume
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Grayscale-Based Metrics

Pre-Chemo Post-Chemo
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Mean Lesion Pixel Intensity
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Liver-Lesion Contrast



New Response Assessment Criteria

More 
Accuracy

RECIST SAS Viya

Decreasing Subjectivity & Labor



Tumor Size Assessment With Little to No Subjectivity &Labor

Use deep learning object detection bounding box size
as surrogate for tumor size? 
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Data Prep
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Test the Model
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Performance of Automatic Lesion Detection
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• Medical Image Processing

• Augmentation with Machine Learning

• Power of Combining Data Sources

Summary
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Such automation raises questions
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Interpretability uses a mathematical understanding 

of the outputs of a machine learning model
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Interpretability



Company Conf ident ia l  – For Internal  Use Only
Copyright  © SAS Inst itute  Inc.  A l l  r ights reserved.

Interpretability
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Interpretability
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Interpretability
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Report for the clinician
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“Substantial translation or implementation of 

AI into clinical use has not yet transpired” 1

1: J. He, Nature Medicine, 2019 
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What is desirable?
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Deep learning system’s + pathologist

→

Increased the pathologist’s AUC from 0.966 to 0.995

Approximately 85 % reduction in human error rate
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Artificial intelligence should help 

the doctor at his or her job.
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Regulation



Company Conf ident ia l  – For Internal  Use Only
Copyright  © SAS Inst itute  Inc.  A l l  r ights reserved.

The use of artificial intelligence

Software as a Medical Device

diagnosis, prevention, monitoring, treatment or alleviation 

of disease
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The future: new Medical Device Regulation (MDR)

(EU) 2017/745
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Data Scientist

MD

Hospital

Patient

Healthcare AI Stakeholders

Supervisors (care, privacy, …) 
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Acceptance goes beyond regulation
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XAI



Productionalization of analytics 
in healthcare setting 
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Productionalization of analytics in healthcare setting 
Metaphor to Modeling

Discover - Ingredients

Deploy - Treatment
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Productionalization of analytics in healthcare setting 
Metaphor to Modeling

Discover - Ingredients

Deploy - Treatment

Develop - Products
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Analytical Processes

Discovery and 
Innovation

Production Model 
Deployment

Iterations

Leading Edge

Experiments

Fail Fast

Data Science

Interactive

New data

Innovation

Deep Learning

Governed

Robust

Automated

Regulated

Actions

Consistent

Documented

Decisions



Company Conf ident ia l  – For Internal  Use Only
Copyright  © SAS Inst itute  Inc.  A l l  r ights reserved.

Analytical Processes

Discovery and 
Innovation

Production Model 
Deployment

Governance

Production Model 
Development
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Developing an Enterprise Analytics Culture
Four critical elements

PEOPLE PROCESS TECHNOLOGY DATA
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Operationalization of Analytics in healthcare
An End-to-End Open Analytical Platform

ModelAccess Explore AnalyzePrepare MonitorCleanse Govern Embed

DISCOVERY & DEVELOPMENTDATA DEPLOYMENT

AUTOMATE & ORCHESTRATE

PerformanceTime to Value Personnel Oversight & 
Governance
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C H O I C E C O N T R O L
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C H O I C E
A N A L Y T I C

T E C H N I Q U E S

P R O G R A M M I N G
L A N G U A G E S

D A T A  S O U R C E S

T A L E N T
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C O N T R O L
S E C U R I T Y

&  P R I V A C Y

D A T A  &  M O D E L
G O V E R N A N C E

S C A L A B I L I T Y

D E P L O Y M E N T
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A successful data driven hospital 

needs a centralized data strategy for

business operations & care
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