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Automatically describe the treatment lines received 
by MM patients in France from the SNDS

MM disease history 

succession of remission 
and relapse, which form 

treatment line

How many patients 
under each line?

MM care evolution 

personalized medicine 
thanks to fast evolving 

recommendations

How does the patient 
management change 

year after year?

MM treatment 

treatment line are treated 
by protocols

In which line is a 
protocol given?
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Objective

Case study in 
hematology: 
Multiple Myeloma (MM)

RWD: Real-World Data - SNDS: National Health Data System - ATLAS: Analysis of Treatment Lines using Alignment of Sequences - MM: Multiple Myeloma



Medical theory

VTD
cycle

D1 – D4 – D8 – D11

D1

D1

Complex protocols

Patient reality

One part of a patient’s 
treatment sequence

D1 – D4 – D8 – D13

D1  - D13

D1 - D13

Deviations from 
theoretical protocols

Real-World Data

SNDS: 
French claim databases

68 million people

Completeness 
of reimbursement

Unnamed injections 

For drugs, only date 
of sale is available
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Why do we 
need AI?

To learn the matches 
between medical theory 
and Real-World Data, 
despite the variations



Identify theoretical 
protocols

Numerous protocols

41 cycles

Cohort selection
(2014 - 2017)

Thousands of patients

17 442 patients
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Why do we 
need AI?

Because of the number 
of patients and of 
protocols

1 2

vs.



ATLAS
Analysis of Treatment Lines 

using Alignment of Sequences
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By HEVA



Alignment and score computation
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3 4

1 part of the 
patient’s sequence21

vs.1 cycle 

VTD cycle

Patient data



Alignement et calcul du score
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3 4

1 part of the 
patient’s sequence21

vs.1 cycle 

Method

Which sections are the most similar?

Adaptation of the Smith Waterman algorithm, 
used for DNA sequences alignment



Alignment and score computation
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3 4

1 part of the 
patient’s sequence21

vs.1 cycle 

VTD cycle

Patient data



Alignment and score computation
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3 4

1 part of the 
patient’s sequence21

vs.1 cycle 



Alignment and score computation
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3 4

1 part of the 
patient’s sequence21

vs.1 cycle 

VTD cycle

Patient data
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1 part of the 
patient’s sequence21

vs.1 cycle 

1 patient
21

vs.
All 

cycles 



Patient data
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Scan the entire patient’s history (800 days)

1 patient
21

vs.
All 

cycles 

Analyze of the repetition of cycles over time 
→ Reconstruction of complete treatment lines 
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Display all the similarity scores 
between a patient and each of the theoretical cycles

5

cycles

1 patient
21

vs.
All 

cycles 
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Smooth the scores over time

6

cycles
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Smooth the scores over time 
and identify the best phase at each time of the follow-up

6

cycles

Phases



16

Gather phases into medical lines

7

Lines

Phases
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Résultats des lignes pour le patient

7

Go from each individual patient result

to 

smart data-visualizations of the entire cohort



Confrontation with the clinical 
knowledge

to improve the algorithm
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Cohort-level 
results

Empower 
dataviz’

Tables Histograms

Kaplan-MeierSunburst

Restitution

Counts
of patients,

by lines, 
by protocols,

by year

Duration
of lines,

of inter-lines



1st execution

77 % 
of the patients

Have all their lines 
identified

2 cycles identified 
a posteriori were added 

Improvement 
of the parameterization

Improvement of medical 
understanding

2nd execution

92 % 
of the patients

Have all their lines 
identified
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Results

Re-identification 
power of the algorithm



Flexibility and 
performant on RWD

Custom-made 
for each disease

Confidence scores 
allow to work with 

several iterations, to 
obtain high-quality 

results
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Advantages of 
the AI approach



Therapeutic innovations
arise from new 

treatment sequences

Pharmaceutical 
companies and public 
institutions face the 

challenge to find 
such sequences

In our experience, 
algorithms and data 
have a role to play 
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AI in healthcare



Thank you for your attention

Martin PRODEL & Marie LAURENT IA for Health, November 10th, 2020



23

Poster (in French) 

on the ATLAS algorithm

Scientific article 

on the ATLAS algorithm

Our website

Our videos

https://static.hevaweb.com/web/PDF/ddc03b66d46f5-janssen-atlas-poster-afcro2020-v1r3-web.pdf
https://ieeexplore.ieee.org/document/8791467
https://hevaweb.com/fr
https://vimeo.com/user51660034

