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Clinical 

Problem 

Understanding 

Data 

Understandi

ng

Data 

Preparation

Modeling Evaluation Report and 

Paper

Collaboration
with clinicians to 
understand the 
context, identify 

goals and 
requirements, 
and translate it 
into a machine 

learning 
workflow.

Preparation of a 
detailed report

and, if necessary, a 
scientific paper. 

Operationalization
of the code to 

ensure its 
reproducibility, 

future 
maintainability 
and prepare for 

possible deploy of 
the models.

Collection, 
exploratory 

analysis (EDA), 
and 

understanding
of data with the 

help of 
clinicians and 

data managers. 
Result: agreed 
and approved 

project plan and 
sharing of 

analysis results 
via 

ppt/dashboard.. 

Data 
optimization

through 
cleaning, 
encoding, 

feature 
engineering, 

and eventually 
splitting the 
datasets for 
training and 

testing

Selection, 
training and 

optimization of 
machine 

learning and 
deep learning 

(ML and DL) and 
traditional 
statistical 

algorithms

Model testing, 
performance 

evaluation, 
validation of 

clinical 
relevance of 
results, and 

review of the 
whole process. If 

necessary, 
return to an 

earlier stage. 

CRoss Industry Standard Process for Data Mining (CRISP-DM)
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Bayesian Logistic Regression:
Classification using manual CT extraction

Target 

outcom
e 

Number of 
selected features Result 

Survival 24 AUC = 0.839±0.009

Survival 13 AUC=0.840±0.0093

Survival 5 AUC = 0.834 ± 0.007

Bayesian Logistic Regression:
Classification using fully automatic CT extraction
Target 

outcom
e 

Number of 
selected features Result 

Survival 5 AUC=0.842 (DeLong 95% CI: 
0.816-0.867)
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for Health
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there is an existing HL7 stream

Used for loading historical data and in 

the absence of related HL7 flow

Used for textual data 

(e.g. physician' notes)
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Data Scientist usersData Engineer users Researchers

Microsoft Intelligent Data Platform, Azure Health Data Services, Azure Cognitive Services & Azure Machine Learning 
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NLCLC response to 
Immunotherapy (Pembrolizumab)

5yr Overall Survival (%)

Survivors

Lung 

Cancer

Large Cell 

Carcinoma

Non Small 

Cell

NSCLC

Small Cell 

Carcinoma

Adenocarci

noma

Squamous 

Cell 

Carcinoma

Small Cell

SCLC

Combined 

Small Cell 

Carcinoma

NSCLC

Stage IV

PD-L1>50%
No EGFR mut

--

Pembrolizum

ab (first line)
Data Source: Reck et al New England J Medicine  

2016,375:1823
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12 Laboratory

(Leuco, Neutro %, Lympho %, HB,

 N/L RATIO, PLT, PCR, AST, ALT, BILI)

71

variables

13 Pathology

(PDL1, ALK, ROS1, BRAF, KRAS, EGFR,  

RET, MET, NTRK)

46 Clinical

(Symptomps, Comorbidity, 

Drugs, Follow-up) 

Clinical need: Identify specific 

biomarkers predicting lack of 

response to pembrolizumab in 

NSCLC PDL1+ 

106 

Patients

54 non PD

52 PD

NSCLC – PDL1+

Retrospective 

Study

INCLUSION CRITERIA

• Metastatic NSCLC Stage 

IV

• Pembrolizumab (1st  line 

therapy)

• PDL1>50%

EXCLUSION CRITERIA

• 1st Thorax CT (contrast) 

not available 

• Not non-negligible 

disease

OUTCOME

Short survival (3 

mo) or stable 

progressive 

response
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• detect words and phrases

mentioned in unstructured text 

as entities that can be 

associated with semantic types 

in the healthcare and biomedical 

domain

• connect entities to medical 

ontologies and domain-specific 

coding systems (example UMLS, 

SNOMED, LOINC)

• identifies meaningful links

between concepts mentioned in 

text

ENTITIES
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S

LINKS

Data Sources
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Patient 

data

Diagnostic Imaging Data
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Patient 
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