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The Dromos project Whnomr
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» bndmr.fr

Final objectives:

Describe the typical care pathways of rare disease
patients

Quantify the cost associated with each disease

Describe inequalities in care and their links with territorial
and socio-economic inequalities and the practices of
expert centers

Sources of data
National Health Data System
Rare Disease National Registry
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The National Health Data System (SNDS) ﬂ:’NDMR

Banque Nationale de Données
Maladies Rares

-

DCIR

* Demographic area

* Date of death if applicable

* Ambulatory care reimbursements
with dates of consultations

* Prescriptions

* Medical procedures

* Biological tests

* Medical devices

* Healthcare from other
healthcare professionals

e

Référentiel

Records of chronic disease covered by the French reimbursement system

J

Uniform Hospital Discharge Data Set summarizing information about
diagnoses, procedures and information about specific aspects of the
hospital stay, e.g. a stay in an intensive care unit as well as the DRG

assigned to the stay

(

Medical causes of death

SNIIR-AM :

Systéeme National d'Information
Inter-Régime de I'Assurance-Maladie

PMSI :

Programme de Médicalisation
des Systémes d'Information

eriDC -
Centre d'Epidémiologie des
Causes Médicales de Déces

» Offer the complete care pathways of all individuals in France over

the last 10 years
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How to identify patients suffering from a given ad»
“WBNDMR

rare disease Iin the SNDS?

» bndmr.fr

Diagnoses are coded using the « international
classification of disease » (ICD-10) published by the

world health organization

Few diagnoses available in the SNDS.
Declared chronic diseases
Diagnoses during hospitalizations

Specificity of rare diseases:
Not always declared

Not always hospitalized
No ICD-10 code available for most rare disease

Patients suffering from a given rare disease cannot be
identified in the SNDS
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What is the National Rare Disease ‘9»
Registry (BNDMR)? Sl L E—

Maladies Rares

» Collects a common dataset for each patient followed in a rare
disease expert center at each visit

» Financed by the National Plan for Rare Disease

Avancement au 20/06/2022

===Cumulative number of affected patients
Nombre de sites ===Cumulative number of recorded activities

0
maladies rares déployés 98% 3000000
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2143 / 2220 sites //’,
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H /
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de santé —_—
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malades
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What is the National Rare Disease g'b,
Registry (BNDMR)? byl -

Maladies Rares

» The RD French minimum data set (MDS)

The French MDS contains about 60 items, including : Rare disease
» Patient identification ll Diagnosis (DRPHAcodes}l diagnoses
» Vital status » Diagnostic history and accuracy o .
) Care pathway & activities » Phenotype (HPO / ICD-10) classification

» Ante and neonatal data » Genotype (HGNC / HGVS)
» Treatment (orphan drugs)

BNDMR

registry

Local information Clinical
systems datawarehouse
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Linking BNDMR and SNDS to identify h
care pathways for rare diseases e

Maladies Rares

Patient identifier = NIR

SNIIR-AM :

Patient |dent|f|er= name, Systéme National d'Information
surname, d ate Of bl rt h Inter-Régime de |'Assurance-Maladie
» The RD French minimum data set (MDS) ,
The French MDS contains about 60 items, including : i
» Patient identification » Diagnosis (ORPHAcodes)
) Vital status ) Diagnostic history and accuracy <:> PMSI :
» Care pathway & activities » Phenotype (HPO /ICD-10) Programme de Médicalisation
) Ante and neonatal data ) Genotype (HGNC / HGVS) des Systeémes d'Information
b Treatment (orphan drugs)
(}epiDC 5
Centre d'Epidémiologie des
Causes Médicales de Déces
» No common identifier a———

» Two linkage strategies:
Direct: using patient identifier
Indirect: using
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Direct linkage

Si non reconnu:
suppression de
['échantillon

‘VE BaMaRa

Set de données
minimum Maladies
Rares

. - » | Id_Appariement
Fmy

Patient

Données identifiantes
« Nom

* Prénom

+ Sexe

« DDN

+« CDN

[dMR

Table de correspondance
(Conservée paria CO BNDMR)

Retraite
& Action
sociale

— Sécurité sociale

Table de ciblage

. NIR& FOIN 1
+ |ID_Appariement

+ Sexe
- DDN

Table d’appariement
(Transmise chiffrée avec GnuPG)

‘sBNDMR

Bangue Nationale de Données
Maladies Rares

Données MR

[dMR

ld_Appariement

LOCIALE

*ﬁ{?l’l\ssu rance

Maladie

VF?NDMR

Banque Nationale de Données
Maladies Rares

| ID_SNDs

| Table de correspondance

ID_Appariement
Données_SNDS

(Conservée paria CNAM

ID_Témoins
ID_Appariement
Données_SNDS_Té

Appariement au sein
du HDH

NS
O
oF

ID_Appariement
ID_HDH

f

Table de correspondance
(Conservée parle Health Data Hub)
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Indirect linkage

34,397 entries J
' Primary linkage variables mmmmmJ
¢ OCAM code : /
* Sex I
* Year of birth 3
¢ Hospial * CCAM code
* Date of discharge = 3 days * S
* Year of bith
Secondary inkage variables * Hospital

* Hospital acmssion = 3 days
¢ Same dates of hospital dscharge
¢ Sama month of birth

* Hospital admisssion + 3 days

Secondary linkage variables
* Same dates of hosptal dscherge
* Same month of birth

\ o \ v
/ } \ / } N
041 12 | 2606 | - 19 151
unique unique l
matches ) Guplostes ) - "w"d“} matches | Gupliostes J “""'w"dA J

31,402
patients
¢ 45 pabenrts duplicates in the
ongnal database
* 443 patents with incompatible
charactenistics
30,913 unique patients identified = 89,9% completeness J

VSBNDMR

Banque Nationale de Données
Maladies Rares

Example of linkage
with a registry

Many linkage variables
are needed!

Didier, R., Gouysse, M., Eltchaninoff, H.,
Le Breton, H., Commeau, P., Cayla, G,, ...
& Gilard, M. (2020). Successful linkage of
French large-scale national registry
populations to national reimbursement
data: improved data completeness and
minimized loss to follow-up. Archives of
cardiovascular diseases, 113(8-9), 534-
541.
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Linkage strategies: limitations S

» bndmr.fr

Direct linkage:
Need for strong identity quality
Multiple actors involved (CNAV, ...)

Indirect linkage:

Computationally intensive (+65 millions of people in
SNDS)

Need for many common variables to obtain a high
linkage rate
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Modeling care pathways: &d»
Methodological challenges WENDME

Maladies Rares

» bndmr.fr

Final objectives:
Describe the typical care pathways of rare disease patients
Quantify the cost associated with each disease

Describe inequalities in care and their links with territorial and
socio-economic inequalities and the practices of expert centers

Challenges using SNDS:
Thousands of variables

Each patient is followed at a different period of his/her
life/disease: how to compare a child just diagnosed with an
adult having been diagnosed at adult age 20 years ago?

Treatments evolve over time
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How to describe the typical care
pathways of rare disease patients? Wenowr

Maladies Rares

» Visual approach focusing on relevant variables defined by expert

OVERVIEW DETAIL >

Number of events per

% of total category
alphabloc
= = 40.84% -
—_— 98 269
phyto
19.18% . 515905
alphabloc phyto
EHE) 265258
surgery
'Oy
I 208 843
fivealpha
I 176982
Sum of averages of the treatments (days)
T T T T T T T T T T T T T T 1 flvea|pha a|phab|oc
0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 5.99% 161102

http://parcoursvis.lisn.upsaclay.fr/

» Advantage: easy to interpret

» Limitation: need to define relevant variables, no subgroup definition,
limited number of considered variables
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How to describe the typical care g'b,
pathways of rare disease patients? S —

Maladies Rares

» Process mining strategies

(@) - — Can only be
A Pairwise Significant _ Y
Common P statistical mjpy disease applied to
i analysis airs
: Plsease L o events -> what
Patient trajectories gis) )
health data length 2 to do with
length 3 i
g ‘ Tempor.al Clust.ermg Temporal drugs?
length 4 analysis using |y disease
B' | (length>2) DTW [ patterns
(a) Neoplasms (140-239 (b) Diseases of Genitourinary system (580-629)
Mlalign neoplasm ) Prostate hyperplasia
i kidney/urinary unsp. Diseases of male
Dpnsee:;es;f tthe 1899 genftatorgans Redundant prepuse/phimosis
|ge(sslz\<lfs?g)s = @ 600, 605 605
Gastr/tis &
coalistirs (Iusnsp) Lung/trach./bronch. N O C I ea r
558 malignant neoplasm
- Or62 subgroups
2 Malign neoplasm .
Other dis ()
dig:srtiv'e Sys bladder \f"'\198 DIffICU |t tO
<
S d lign. 1
Intestin. 560 nzzz?asi:y(z:\::g.;‘ I nte rp ret
obstruction

Neoplasms

58 5
Acute kidney failure hronic kidney disease

Diseases of Genitourinary System (580-629) Malign neoplasm
kidney/urinary unsp.

Giannoula, A., Gutierrez-Sacristan, A., Bravo, A., Sanz, F,, Furlong, I. L. (2017). Identifying temporal
patterns in patient disease trajectories using dynamic time warping : a population-based study. Nature
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How to describe the typical care &d»
pathways of rare disease patients? DL -

Maladies Rares

» bndmr.fr

Other approaches to handle longitudinal data: methods
to cluster longitudinal data

Raw-based clustering
Feature based clustering (exemple: tsfresh)
Model-based clustering (mixture models)

Limits:
Number of subgroups to specify a priori
High dimensional longitudinal modelling is challenging
Missing data are not handled




How to describe the typical care ﬂ»
pathways of rare disease patients? L -

Maladies Rares

» Specific issue for SNDS data : different lengths of follow-up for each
patient — truncated data

P1 i L

60 yo 70 yo
P2 L @

65yo 70 yo
P3 ¢ @

60 yo 65 yo
P4 ] |
60 yo Dead
2008 2018
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How to describe the typical care D
pathways of rare disease patients? il -

Maladie

» Cluster tracking strategy:
Align patients (same age, start of the disease)
Cluster at each time step
Track clusters

Trajectory 1

@
Number of Number of
patients in patients in
common

@

@
commaon
@

Trajectory 2

0

60 yo 61 yo 62 yo

Tracking temporal clusters from patient networks, Judith Lambert, Anne Louise
Leutenegger, Anne Sophie Jannot, Anais Baudot, ongoing work
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How to describe the typical care &d
pathways of rare disease patients? Wenowr

Maladies Rares

Patient | Aspirin | Combinations | Clopidogrel | Dabigatran | Enoxaparin | Fluindione | Fondaparinux | Tinzaparin
A 12 0 0 0 0 0 0 0
B 12 0 0 0 0 0 0 0
c 0 0 0 0 8 0 0 0
Age : 60 D 10 0 0 0 0 0 0 0
E 11 0 0 0 0 0 0 0
F 1 1 1 1 0 0 0 0
G 0 0 0 0 0 10 0 3
H 0 0 0 0 0 0 2 2
Combinations : Combinations of platelet aggregation inhibitors
Cosine similarity | Jaccard index | Euclidean distance
A/B 1 1 1
c/D 0 0 0.54
E/F 0.5 0.25 0.64
G/H 0.20 0.33 0.63
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How to describe the typical care
pathways of rare disease patients? e S

Maladies Rares

60.1 814 521 631 bndmr.fr
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How to describe the typical care
pathways of rare disease patients? e S
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therapies
___ Approval of immune
checkpoint blockers
1
2010 2011 2012 2013 2014 2015 2016 2017
b
600
o — ® |pilimumab + nivolumab
500 )
. Pembrolizumab
400 = Nivolumab
® Ipilimumab
300 || -I Dabrafenib + trametinib N
sl i eed to
] H_‘ u Vemurafenib +
200 cobimetinib
| — Dabrafenib °
1 Vemurafenib fl n
100
I:Ih;l
- Chemotherapy:
ternozolomide
4]
B B e m e RPN p 2 g e e e | @ Chemotenay: subgroups
0o o rrrrtddddddADTTTT LD DD DO DD fotemustine
SESRRSSSESERRSERRESERESIERIRQRR K KT ] | = Chemotherapy & other

. resulting in

100%
90% " I
small sampie
70%
0% B |pilimumab + nivolumab L4
50% Anti-PD1 antibody S I Ze S
40% u Ipilimumab
30% w Targeted therapy
9
20% m Chemotherapy & other
10%
0%
NN B P E C R R R  EE R EE R E
2 0 O rr - AAUAG DO T T T T LY HL OO O NN NR
e - e A e O IO~ e e e
o o O o o o C O O O O O 0 0O O O 0 0 o C 0 0 0o o 00000 o000
NN AN NN NN NN N NN NN NN NN NN NN NN NN NN

Poizeau, F., Kerbrat, S., Happe, A., Rault, C., Drezen, E., Balusson, F,, ... & Dupuy, A. (2021). Patients with
metastatic melanoma receiving anticancer drugs: Changes in overall survival, 2010-2017. Journal of )
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How to describe the typical care ~§
pathways of rare disease patients? Ayt s S

Maladies Rares

a b

Initiation At 6 months At 12 months Initiation At 6 months Al 12 months

Poizeau, F., Kerbrat, S., Happe, A., Rault, C., Drezen, E., Balusson, F,, ... & Dupuy, A. (2021). Patients with
metastatic melanoma receiving anticancer drugs: Changes in overall survival, 2010-2017. Journal of
Investigative Dermatology, 141(4), 830-839.
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Project schedule @anomr

» bndmr.fr

July 2020: agreement of the scientific comittee of French
Data Protection Agency (CESRESS)

May 2021: agreement from the French Data Protection
Agency (CNIL)

Access denied for direct linkage: new agreement needed
for indirect linkage

New agreement still in process....
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