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Contexte

Guide et recommandations pour aider a la standardisation de la
classification et de l'interprétation des CNVs

Groupe de travail Achro-Puce : premiere version en juin 2019
Objectif : homogéncéiser les pratigues au niveau national

Création de la nouvelle classe « PIEV » (dés 2019) :
CNVs récurrents de susceptibilité aux TNDs
Pénétrance Incompléete
Expressivité Variable
Souvent hérités d’un parent sain

Surreprésentation dans cohortes patients
NB : existe sous une forme plus ou moins similaire dans d’autres pays
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https://acpa-achropuce.com/diagnostic-postnatal/

Mises a jour 2025

Criteres de classification :

Pas de modification depuis 2022 (sauf bases de données, outils d’aide automatique...)

Classifications des CNVs récurrents proposée par le réseau :

Modifications en 2023 :
17912 (HNF1B) = P{EM -> VS|
Xp22.33 (STS) = PHEV -> VS|
22q11.2 (TBX1) = PIEV

(Modifications en 2025 :

15q11.2 BP1-BP2 (NIPA1/TUBGCPS5) : PHEM -> VSI
16p11.2 distale BP2-BP3 (SH2B1) : PAEM -> VS|
16p11.2 distale BP2-BP3 (SH2B1) :

(reste PIEV TNDs)
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French Guidelines of the AchroPuce Network for the
Interpret? _, nstitutional Copy
Number '

ABSTRACT 2 ¢

Over the past 15ye = A\ P o) : evolved significantly, becoming Integral to routine

genetic diagnostics : / dons (CNVs) are particularly important as sources of

both benign and p - 4 5’ clinical implications is critical, especially for rare,

non-recurrent CN! : v % ital disorders (NDDs). To address these challenges, 3
the French Achrol 1' 7el classification termed “PIEV,” referring to CNVs

associated with NI ' ! axpressivity. This category complements the existing

five-tier ACMG cli , 1armonizing practice through standardized French

national guideline erpretation precision. Distinguishing clearly patho-

genic variants frog ' msistent classification of these CNVs independently 2
of the clinical conl 3 1 entail collaboration between biologists and multi-

disciplinary clinici group maintains an annually reviewed curated list

of recurrent neur::rixx /Ades consensus recommendations with a customized

interpretation tool tov'Eﬁn'ancE'ﬂaﬂﬁnﬂl'mnsrstent?‘m CNVSTeporing: 1
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Classe 1 : bénin Classe 5 : pathogene

Un critére nécessaire et suffisant Un critere nécessaire et suffisant

probt bénin ' probt patho

Au moins 2 critéres majeurs Au moins 2 criteres majeurs
ou 1 critére majeur et 2 mineurs ou 1 criteére majeur et 2 mineurs

VOUS

Un critere nécessaire et suffisant

PIEV : susceptibilité aux TND

Criteres détaillés en francais dans le guide, sur le site du réseau Achro-Puce
https://acpa-achropuce.com/diagnostic-postnatal/
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PIEV : susceptibilité aux TND

Criteres détaillés en francais dans le guide, sur le site du réseau Achro-Puce
https://acpa-achropuce.com/diagnostic-postnatal/
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TABLE 2

Classification of recurrent CNVs.

CNV

Genomic coordinates

Candidate genes

Variation

Classification

Proximal 1g21.1 (BP2-BP3)
Distal 1q21.1 (BP3-BP4)
2ql11.2

2q13

3929

10q11.21q11.23
(LCRC-I)

15q11.2
(BP1-BPZ)

15q13.3
(BP4-BP5)

15q13.3
{D-CHENAT to BP5)
16p13.11

16p12.2

Distal 16p11.2 (BP2-BP3)

Proximal 16p11.2
(BP4-BP5)

GRCh37: chri:145386507-145748064
GRCh38: chrl: 145686999-146048495

GRCh37: chri: 14657 7486-147394506
GRCh38: chrl: 147105904-147917509

GRCh37: chr2:96739012-97671429
GRCh38: chr2:96073264-97005692

GRCh37: chr2:111392193-113104742
GRCh38: chr2:110634616-112347165

GRCR37: chr3:195756054-197344662
GRCh38: chr3:196029183-197617791

GRCh37: chri(:49389703-51053583
GRCh38: chrl0:48181660-49845537

GRCh37: chr15:22832519-23090897
GRCh38: chrl5: 22782170-23040134

GRCKh37: chrl5:31192889-32445405
GRCh38: chr15:30900686-32153204

GRCh37: chrl15:3201962132445405
GRCh38: chr15:31727418-32153204

GRCh37: chrl6:15511711-16292265
GRCh38: chrl6:15417854-16198408

GRCh37: chri6:21948445-22430804
GRCh38: chrl6:2193712422419483

GRCh37: chrl6:28822635-29046499
GRCh38: chri6:28811314-29035178

GRCKh37: chrl6:29649997-30199852
GRCh38: chr16:29638676-30188531

RBMSA
GJAS, GIAB
ARID3A, KANSL3,
TMEM127
RURI, BCL2L11
DLGI, BDHI

CHAT, SLC18A3

NIPAL NIPA2

CHRNA7, TRPM1, OTUD7A

CHRNA7Z, OTUD7A

NDEI, MYH1I

EEF2K, POLR3E, CDR2

SH2B1

TBX6, KCTD13, PRRT2

Del
Dup
Del
Dup
Del
Dup
Del

Dup
Del

Dup
Del

Dup
Del
Dup
Del

Dup
Del

Dup
Del

Dup
Del

Dup
Del

Dup

PIEV (high penetrance)

PIEV (low penetrance)

PIEV (low penetrance)

PIEV (high penetrance)

PIEV (low penetrance)

Class 3: VOUS

Class 1: Benign

PIEV (high penetrance)

PIEV (high penetrance)

Class 1: Benign

PIEV (low penetrance)

PIEV (low penetrance)

PIEV (high penetrance)

Class 5: Pathogenic in case of obesity

Class 3: VOUS
PIEV (high penetrance)
PIEV (high penetrance)

(Continues)

Pebrel-Richard et al. Clin Genet 2025
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TABLE2 | (Continued)

CNV

Genomic coordinates

Candidate genes Variation

Classification

17q12

Proximal 22q11.2 (DGS/
VCFS)

(LCR22-A-D ou
LCR22-A-B)

Central 22g11.21
(LCR22-B/C-D)

Distal 22q11.21

Type I: LCR22-C/D-E/F
Type II: LCR22-E-F

Type I1I: LCR22-D/E/F-H

GRCh37: chri7:34815072-36192489
GRCA38: chr17:36458167-37854616

LCR22-A-D
GRCh37: chr22:18912231-21465672
GRCh38: chr22:18924718-21111383
LCR22-A-B
GRCh37: chr22:18912231-20287208
GRCh38: chr22:18924718-20299685

GRCh37: chr22:20731986-21465672
GRCh38: chr22:20377696-21111383

Typel
GRCh37: chr22:21090000-23650000
GRCh38: chr22:20735712-23307813

Typell
GRCh37: chr22:23119414-23649111
GRCh38: chr22:22776924-23306924

Type 111
GRCh37: chr22:21917117- 24994433
GRCh38: chr22:21562828- 24598466

GRCh37: chrX:6455812-8124954
GRCh38: chrX:6537771-8156913

HNFIB Del

CREL, SCARF2, SNAP29 Del
Tllll.l
BCR, TOP3B, MAPK1 Del type I

Del tvpe
I

Del tvpe
I

Dup
STS, VCX3 Del

Dup

PIEV (low penetrance)

Class 5: Pathogenic in case of renal and pancreatic damages

PIEV (low penetrance)

PIEV (low penetrance)

PIEV (low penetrance)

PIEV (low penetrance)

2: class 1: Benign

Naote: Classification - red for pathogentc CNV (class 5), yellow for VUS (class 3), purple for PIEV class, blue for Likely benign (class 2) and green for benign CNV (class 1).

Pebrel-Richard et al. Clin Genet 2025
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La question récurrente...
le rendu des PIEVs en prénatal ?

Reporting strategies for PIEVs depend on the clinical context.
Postnatally, the AchroPuce Network recommends systematic
PIEV reporting, allowing the biologist, in consultation with cli-
nicians, to assess whether the PIEV contributes to the patient’s
phenotype. In prenatal diagnosis, PIEVs are not routinely re-
ported. Reporting decisions must consider the ultrasound find-

ings, the family history, and the specific PIEV involved, with

particular attention to those associated with high penetrance 3
[27]. Prenatal PIEV reporting decisions typically require con-

sultation with a multidisciplinary team, including biologists,

clinicians, and the local multidisciplinary prenatal diagnosis 2
committee.
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CNV
Proximal 1g21.1 (BP2-BP3)

Distal 1g21.1 (BP3-EP4)

2q11.2

2q13

3q29

10q11.21q11.23
(LCRC-D)

15q11.2
(BP1-BP2)

15q13.3
(BP4-BPs)

15q13.3
(D-CHRNAT to BP5)

16p13.11

16p12.2

Distal 16p11.2 (BP2-BP3)

Proximal 16p11.2
(BP4-BP5)

Variation
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del
Dup
Del

Dup
Del
Dup

Classification

PIEV (high penetrance)

PIEV (low penetrance)

PIEV (low penetrance)

PIEV (high penetrance)

PIEV (low penetrance)

Class 1: Benign

PIEV (high penetrance)

PIEV (high penetrance)

Class 1: Benign

PIEV (low penetrance)

PIEV (low penetrance)

PIEV (high penetrance)

‘lass 5: Pathogenic in case of obesity,

PIEV (high penetrance)
PIEV (high penetrance)

Forte ou faible
pénétrance ?

Pebrel-Richard et al. Clin Genet 2025
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Estimations de pénétrance des PIEVs
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Journée Achropuce 27/11/24 Matthieu Egloff (Poitiers)

Céline PEBREL-RICHARD (Clermont-Fd)

Présentation de Céline Pebrel-Richard a |la journée Achro-Puce 2024

https://acpa-achropuce.com/les-journees-achro-puce
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Estimations de pénétrance des PIEVs

Classification propositions including:
penetrance
» Penetrance estimates 50%
Peer-reviewed literature
Prevalence data

* (ClinGen curation : High-penetrance

* Expert evaluation ! PIEVSs
: \  Low-penetrance |

; PIEVs
+ Low-penetrance |
i PIEVsor VUS |
VUS or LB '

Attention, ce n’est pas tout a fait ¢a...

Guide du réseau Achro-Puce
pour l'interprétation des CNVs
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Estimations de pénétrance des PIEVs @

Yet, defining strict penetrance thresholds for CNVs classifica-
tion also remains challenging, due to the limited availability of
robust quantitative data, apart from the recent pooled analysis by
Goh et al. [27]. In line with the recommendations of the ClinGen
Low Penetrance Working Group [17], we chose to provide broad
interpretive ranges rather than rigid cutoffs. In brief, CNVs with

penetrance exceeding 25% according to Goh et al. [27] have gen-
erally been categorized as PIEVSs, specifying whether the pen-
etrance appears to be low (typically <50%) or high (typically
> 50%). In contrast, CNVs with less than 10% penetrance have
usually been classified as variants of uncertain significance
(VUS) or likely benign variants. For CN'Vs exhibiting interme-

Attention, ce n’est pas tout a fait ¢a...

Guide du réseau Achro-Puce
pour l'interprétation des CNVs
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Estimations de pénétrance des PIEVs (s

Classification propositions including:
penetrance

* Penetrance estimates 50%
» Peer-reviewed literature
* Prevalence data

* (ClinGen curation ~, i High-penetrance

* Expert evaluation ! PIEVs
: \  Low-penetrance |
PIEVs

Low-penetrance |
i PIEVsor VUS |
VUS or LB '

Attention, ce n’est pas tout a fait ¢a...

Et d’ou viennent ces chiffres ?

Guide du réseau Achro-Puce
pour l'interprétation des CNVs
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SYSTEMATIC REVIEW

A systematic review and pooled analysis of
penetrance estimates of copy-number variants
associated with neurodevelopment

y - “New South Wales Health, NSW,
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Purpose: Many ¢ nber variants s) are orted 0 cause a variety of
i /, developmental d
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ESHG www.nature.com/ejhg

ARTICLE OPEN W) Check for updates
Updated penetrance estimates for recurrent copy number
variants - an improved definition and formula

Shuxiang Goh 3", Tracy Dudding-Byth>**, Mark Pinese (%" and Edwin P. Kirk (527

© Crown 2025

Many copy number variants (CNVs) are implicated in neurodevelopmental disability, but exhibit incomplete penetrance. The
definition of penetrance is often unclear. In published literature, penetrance typically includes the background risk of disease, while
clinicians tend to exclude risks unrelated to the genetic variant. We propose a more clinically relevant definition of penetrance and
develop a new formula for this. These changes are applied to existing data sources to produce updated penetrance estimates. Our
findings indicate that most CNVs studied have significantly lower penetrance than previously published. Eleven CNVs, previously
described as low-penetrant, are recalculated as having a penetrance close to 0% for intellectual disability. These include 1g21.1
proximal duplications [REMBA], 2q11.2 deletions [TMEM127], 2q13 proximal deletions and duplications [NPHPT], 6q16 duplications
[SIMT1], 13912 deletions [CRYLT], 15q11.2 duplications [NIPA1, NIPA2], 15g13.3 duplications [CHRNA7], 16p12.2 duplications [CDR2?],
16p13.11 duplications [MYH17] and Xp22.3 duplications [SHOX]. Previous estimates of CNV penetrance, which ranged from 10-40%
have been recalculated as 1-10%. In conclusion, many previously published estimates of CNV penetrance are inflated. Re-
evaluation of existing data reveals lower and more accurate penetrance estimates for intellectual disability. This has important
implications for diagnosis, genetic counselling, and prenatal reporting of recurrent CNVs,

European Journal of Human Genetics; https://dci.org/10.1038/541431-025-01948-0

Published online: 15 October 2025

Goh et al.
Genet Med 2025

Sauf que.......

Goh et al.
Eur J Hum Genet 2025
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ARTICLE OPEN W) Check for updates

Updated penetrance estimates for recurrent copy number
variants — an improved definition and formula

Shuxiang Goh (52, Tracy Dudding-Byth>**, Mark Pinese (3> and Edwin P. Kirk (57287

© Crown 2025

17 nouvelles publications incluses
5 Nouvelle formule prenant en compte la prévalence de DI
Exclu tout autre phénotype que la DI

Résultats :
- Pénétrance divisée par 5-10 en moyenne !
- Plus aucun PIEV ne dépasse le seuil de 50%...

Limites :

- Reste un modele mathématique

- Pas d’analyse des CNVs en « région complexe » (ex: CHRNA7) ou avec
biais de recrutement majeur (ex: HNF1B)

- Les cohortes controles sont parfois « douteuses »

= N W b
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ARTICLE OPEN W) Check for updates

Updated penetrance estimates for recurrent copy number
variants — an improved definition and formula

Shuxiang Goh (52, Tracy Dudding-Byth>**, Mark Pinese (3> and Edwin P. Kirk (57287

& Crown 2025

5§ Et pour nos PIEVs ?

- Légitimise encore la classe PIEV # patho
- Estimation ne prennent pas en compte les autres TNDs (ex: TSA)
- Des CNVs classés « patho » ou « HFLP » par d’autres sont reclassés
dans cette publi « pénétrance 0%, sans lien avec la DI »
-> |Is étaient tous VSI chez nous !

Donc:
Ne remet pas en question les conclusions publiées par le réseau Achro-
Puce ni I'estimation « forte » ou « faible » pénétrance pour les TNDs

Guide du réseau Achro-Puce
pour l'interprétation des CNVs
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Erratum

De petites erreurs se sont glissées dans le tableau
récapitulatif a la fin de la version 2025 du guide

PIEV

— Forte pénétrance
Distal 16p11.2 GRCh37: chr16:28822635-29046499 . Classe 5 : Pathogéne en

SOChIg- -3881 131439035178
tB p Z—BP3} GRCh3E: chri6:28811314-290351

cas d'obésité

Forte pénétrance
Forte pénétrance

Central 22q11.21 GRCh37: chr22:20731986-21465672 | CRKL, SCARFZ, “ Ok falble (mals a tradl“rE)

Proximal 16p11.2
(BP4-BP5)

GRCh38: chr22:20377696-21111383 SNAP29

Ce sera corrigé rapidement...
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