





International Society for the Study of
Vascular Anomalies

- Before discussing molecular / genetic changes we need a
classification system for these lesions that is:

« Agreed upon, more or less, by pathologists and clinicians and
researchers

* As precise as possible, discarding terms that have been
Imprecise or that no longer conform to our understanding of
biology

» Constantly being revised in the light of new findings
* ISSVA

» Classification generated following discussion between
different groups involved in the lesions: surgeons,
dermatologists, pathologists, radiologists, basic researchers

 Current classification published after the 2014 meeting in
Melbourne; Updated 2018 and available on-line









ISSVA classification for vascular anomalies ©
(Approved at the 20th ISSVA Workshop, Melbourne, April 2014, last revision May 2018)

This classification is intended to evolve as our understanding of the biology and genetics
of vascular malformations and tumors continues to grow

Overview table

Vascular anomalies

Vascular tumors Vascular malformations

2 2 & of major named associated with
Simple Combined vessels other anomalies

Benign Capillary malformations CVM, CLM See details See list
Lymphatic malformations LVM, CLVM
borderline Venous malformations CAVM*
Arteriovenous malformations* | CLAVM*

Locally aggressive or

Malignant Arteriovenous fistula* others

° defined as two or more vascular malformations found in one lesion
* high-flow lesions

A list of causal genes and related vascular anomalies is available in Appendix 2

The tumor or malformation nature or precise classification of some lesions is still unclear. These lesions
appear in a separate provisional list.

For more details, click on

Abbreviations used the underlined links




oo for previous
view

ISSVA classification of vascular tumors 1a ype L

Benign vascular tumors 1

Infantile hemangioma / Hemangioma of infancy see details

Congenital hemangioma GNAQ / GNA11
Rapidly involuting (RICH) ”
Non-involuting (NICH)
Partially involuting (PICH)

Tufted angioma * ° GNA14
Spindle-cell hemangioma IDH1 / IDH2
Epithelioid hemangioma FOS

Pyogenic granuloma (also known as lobular capillary hemangioma) BRAF / RAS / GNA14

Others see details

* some lesions may be associated with thrombocytopenia and/or consumptive coagulopathy see details

° many experts believe that tufted angioma and kaposiform hemangiocendothelioma are part of a spectrum
rather than distinct entities

N.B. reactive proliferative vascular lesions are listed with benign tumors Causal genes in blue



_ ISSVA classification for vascular anomalies Sl
- view
Simple vascular malformations |
Capillary malformations (CM)

Nevus simplex / salmon patch, “angel kiss”, “stork bite”

Cutaneous and/or mucosal CM (also known as “port-wine” stain)

Nonsyndromic CM GNAQ

CM with CNS and/or ocular anomalies (Sturge-Weber syndrome) GNAQ

CM with bone and/or soft tissues overgrowth GNA11

Diffuse CM with overgrowth (DCMQ) GNA11
Reticulate CM

CM of MIC-CAP (microcephaly-capillary malformation) STAMBP

CM of MCAP (megalencephaly-capillary malformation-polymicrogyria) PIK3CA
CM of CM-AVM RASA1 / EPHB4
Cutis marmorata telangiectatica congenita (CMTC)
Others

Telangiectasia®

Hereditary hemorrhagic telangiectasia (HHT)(HHT1 ENG, HHT2 ACVRL1, HHT3, JPHT SMAD4)
Others

* The CM nature of some subtypes of telangiectasia is debated. .
Some telangiectasia may be reclassified in other sections in the future Causal genes in blue
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Patient Name: Sex: Female
Address:

Referring Clinici rne, 50 Flemington

Copy Doctor: Dr Helen Savoia, Head of Clinical Haematology, Royal Children's Hospital
Melbourne, 50 Flemington Road, Parkville, VIC 3052

Lab Number: GFL-180300044 Date Coll: 5/03/2018 12:37 PM Date Rec: 8/03/2018 12:10 PM

Sample Information:

History: Clinical CM-AVM Syndrome, PWS anterior chest/abdomen, Multiple capillary malformations.

Multiple family members on maternal side with phenotype + 3 yo sister. No genetic testing to
date.

Sample Type: 1 x EDTA Laboratory Reference Number: 18054552

GENETIC DIAGNOSIS REPORT FOR RASA7 TARGETED SEQUENCING

TEST CATEGORY: Sequencing of the RASAT gene in a targeted gene panel in a child for a
heritable mutation.

SUMMARY
Results: Germline DNA Mutation Detected (Positive)

Targeted Sequencing Analysis

Interpretation

Coverage: 2010X. Variant Allele Frequency: Heterozygous.
RASA1 Pathogenic A positive result indicates detection of at least one mutated allele in
RASA1. This test detects mutations in all targeted coding regions
RAS p21 protein c.693-1G>C and exon-intron boundaries but does not detect mutations outside
activator 1 Splice site of these areas.

Clinical Interpretation:

Heterozygous for a RASAT ¢.693-1G>C; Splice site (¢.[693-1G>C];[=]); variant (GRCh37 hg19; RASAT NM_002890.2;
chr5:9.86628323G>C).

RASA1 pathogenic mutations are associated with the Capillary malformation-arteriovenous malformation syndrome.
The RASA1 ¢.693-1G>C; Splice site variant is a novel variant and is not annotated in Clinvar and is not present in ExAC, 1000
Genomes, ARUP RASA1 database or LOVD RASA1 database. The RASA1T ¢.693-1G>C; Splice site variant is a splice acceptor
variant and in silico analysis predicts it to be Disease Causing in Mutation Taster Mutation Taster (Schwarz, Cooper et al.
2014) with splice site changes and possible loss of the SH2 1, SH3, SH2 2, PH, C2, Ras-GAP domains with predicted alteration
of the WT acceptor site in Human Splicing Finder 3.1.

In an analysis of RASAT in 68 families with Capillary Malformation—Arteriovenous Malformation, no pathogenic mutation was
identified in 32 index patients (32%) (Revencu, Boon et al. 2013). In the remaining 68 patients, 58 different mutations were
identified and of these 52 were private, four occurred in two unrelated families, and two occurred in four unrelated families
(Revencu, Boon et al. 2013). Twenty-three were nonsense mutations, 21 were frameshift mutations, leading to a premature
stop codon, eight were splice-site changes, four were missense mutations, one was a frameshift mutation leading to a longer
coding sequence, and one was an in-frame deletion/insertion. Eighteen mutations (26.5%) out of the 68 likely occurred de
novo. The mutations were located across the whole gene and no genotype—phenotype correlation was identified (Revencu,
Boon et al. 2013).

Based on the ACMG Guidelines (Richards, Aziz et al. 2015), the RASA1 ¢.693-1G>C; Splice site variant is classified as a
Pathogenic variant

Large exonic deletions and copy number variations, methylation status, inversions, translocations and deep intronic variants
are not detected by sequencing and will not be identified by this assay.
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RASAI analysis guides management in a
family with capillary malformation-
arteriovenous malformation
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Abstract. Capillary malformation-arteriovenous malformation (CM-AVM; MIM 60354) is an autosomal dominant disorder
characterized by multifocal cutaneous capillary malformations, often in association with fast-flow vascular lesions, which
may be cutaneous, subcutaneous, intramuscular, intraosseus, or cerebral arteriovenous malformations or arteriovenous fistulas.
CM-AVM results from heterozygous mutations in the RASA/ gene. Capillary malformations of the skin are common, and clin-
ical examination alone may not be able to definitively diagnose-or exclude- CM-AVM. We report a family in which the proband
was initially referred for a genetic evaluation in the neonatal period because of the presence of a cardiac murmur and minor
dysmorphic features. Both he and his mother were noted to have multiple capillary malformations on the face, head, and extre-
mities. Echocardiography revealed dilated head and neck vessels and magnetic resonance imaging and angiography of the brain
revealed a large infratentorial arteriovenous fistula, for which he has had two embolization procedures. RASA! sequence analy-
sis revealed a heterozygous mutation, confirming his diagnosis of CM-AVM. We established targeted mutation analysis for the
proband’s mother and sister, the latter of whom is a healthy 3-year-old whose only cutaneous finding is a facial capillary mal-
formation. This revealed that the proband’s mother is also heterozygous for the RASA/ mutation, but his sister is negative. Con-
sequently, his mother will undergo magnetic resonance imaging and angiography screening for intracranial and spinal fast-flow
lesions, while his sister will require no imaging or serial evaluations. Targeted mutation analysis has been offered to additional
maternal family members. This case illustrates the benefit of molecular testing in diagnosis and making screening recommenda-
tions for families with CM-AVM.,

Keywords: Capillary malformation, arteriovenous malformation, RASA I, arteriovenous fistula






Targeted therapy in patients with
PIK3CA -related overgrowth syndrome

Quitterie Venot!, Thomas Blanc'?%2!, Smail Hadj Rabia>*>?!| Laureline Berteloot™® , Sophia Ladraa!, Jean-Paul Duong
Estelle Blanc®, Simon C. Johnson?, Clement Hoguin!, Oi_["v ia Bot.,ca:a Sabine Sarnacki®? , Nathalie B-:Jl:l-:l‘_cuert2 L
Stephanie Pannier?!?, Frank Ma_rtmez , Sato Magassa Junna ‘lamaguch_tl Bertrand Ixnebelmann LU pierre ‘viervﬂle
Nicolas Grenier'¥, Dominique Joly"2!! Va_lerle Cormier-Daire”>!®, Caroline Mlchot2 A Chrlstme Be::-le Feysot®,
Arnaud Picard®'®, Véronique Soupre Stanislas L‘vrcmmet2 el Jerem Sadoine", Lotfi Sluna_m , Catherine Chaussain®
Cécile Laroche- Raynaud'®, Laurent Gmbaw:ilgl Christine Brmssand- Jeanne ,ei".nmelj ekl Chnstophe Legendre' 2!,
Fabiola Terzi!-? & Guillaume Canaud!21*

12,13
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CLOVES syndrome (congenital lipomatous overgrowth, vascular malformations, epidermal naevi, scoliosis/skeletal
and spinal syndrome) is a genetic disorder that results from somatic, mosaic gain-of-function mutations of the PIK3CA
gene, and belongs to the spectrum of PIK3CA-related overgrowth syndromes (PROS). This rare condition has no
specific treatment and a poor survival rate. Here, we describe a postnatal mouse model of PROS/CLOVES that partially
recapitulates the human disease, and demonstrate the efficacy of BYL719, an inhibitor of PIK3CA, in preventing and
improving organ dysfunction. On the basis of these results, we used BYL719 to treat nineteen patients with PROS. The drug
improved the disease symptoms in all patients. Previously intractable vascular tumours became smaller, congestive heart
failure was improved, hemihypertrophy was reduced, and scoliosis was attenuated. The treatment was not associated
with any substantial side effects. In conclusion, this study provides the first direct evidence supporting PIK3CA inhibition
as a promising therapeutic strategy in patients with PROS.

Nature 2018 ;558(7711):540-546.
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Diagnosis: Fatty filum presumed CLOVES Assay: Targeted Sequencing TSP50
syndrome.

Case Summary:

PIK3CA 49 Genes
c.1633G>A

Negative
p.GluS45Lys g
Oncogene Mean Coverage: 34330X
PIK3CA Exon 10
Mean Coverage: 37181X
Variant Allele Fraction: 30%

Clinically actionable (druggable/predictive/prognostic andlor with diagnosticiclassification implications)in the disease primary site &
histology in which it has been identified

nent

The identification of a somatic gain-of-function mutation in PIK3CA is consistent with congenital lipomatous overgrowth with vascular,
epidermal, and skeletal anomalies (CLOVES) syndrome. Clinicopathological correlation is required

Recommendation
« Genetic counselling is recommended for your patient and other relevant family members, to explain the results and
address any concems.

Large exonic deletions and copy number variations, methylation status, inversions, translocations and deep intronic variants are not
detected by sequencing and will not be identified by this assay.

Clinical Interpretation

A mutation is present within the PIK3CA (Exon 10) gene in the tissue. Gain-of-function (usually somatic mosaic) mutations in PIK3CA
are associated with CLOVES syndrome and the PIK3CA c. 1633G>A; p.E545K mutation has previously been reported in patients with
CLOVES syndrome (Michel, Konczyk et al. 2018)

The results for the folowing genes are negative. These results decrease the likelihood, but do not rule out a mutation in the genes
listed ABL1, AKT1, ALK APC, ATM, BRAF, CDH1, CDKN2A, CSF1R, CTNNB1, EGFR, ERBB2, ERBB4, EZH2, FBXW7, FGFR1,
FGFR2, FGFR3, FLT3 GNA11, GNAQ, GNAS, HNF1A, HRAS, IDH1, IDH2, JAK2, JAK3, KDR, KIT, KRAS, MET, MLH1, MPL

NOTCH1, NPM1, NRAS, PDGFRA, PTEN, PTPN11, RB1, RET, SMAD4, SMARCB1, SMO, SRC, STK11, TP53 and VHL. A negative
result does not indicate a wild-type gene. This test detects mutations listed in the Assay Description and Methodology section of this
report, and not other gene mutations.

Benign, Likely Benign and unknown variants in the genes may have been identified, but have not been included in the report

The classification and interpretation of all variants identified in this assay reflects the curent state of scientific understanding at the
time this report was issued. In some instances, the classification and interpretation of such variants may change as new sdentific
information becomes available. Variants are classified based on a modification of the ACMG Guidelines (Richards, Aziz et al. 2015
Sukhai, Craddock et al. 2016). Databases used for interpretation include COSMIC, ClinVar, ExAC, dbSNP Build 83/147, IARC TP53
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Somatic MAP2KT Mutations Are Associated
with Extracranial Arteriovenous Malformation

Javier A. Couto,® August Y. Huang,?® Dennis J. Konczyk,! Jeremy A. Goss,! Steven J. Fishman,?
John B. Mulliken,! Matthew L. Warman,2+> and Arin K. Greenel!.*

Arteriovenous malformation (AVM) is a fast-flow, congenital vascular anomaly that may arise anywhere in the body. AVMs typically
progress, causing destruction of surrounding tissue and, sometimes, cardiac overload. AVMs are difficult to control; they often re-expand
after embolization or resection, and pharmacologic therapy is unavailable. We studied extracranial AVMs in order to identify their
biological basis. We performed whole-exome sequencing (WES) and whole-genome sequencing (WGS) on AVM tissue from affected
individuals. Endothelial cells were separated from non-endothelial cells by immune-affinity purification. We used droplet digital PCR
(ddPCR) to confirm mutations found by WES and WGS, to determine whether mutant alleles were enriched in endothelial or non-endo-
thelial cells, and to screen additional AVM specimens. In seven of ten specimens, WES and WGS detected and ddPCR confirmed somatic
mutations in mitogen activated protein kinase kinase 1 (MAP2K1I), the gene that encodes MAP-extracellular signal-regulated kinase 1
(MEK1). Mutant alleles were enriched in endothelial cells and were not present in blood or saliva. 9 of 15 additional AVM specimens
contained mutant MAP2K1 alleles. Mutations were missense or small in-frame deletions that affect amino acid residues within or adja-
cent to the protein’s negative regulatory domain. Several of these mutations have been found in cancers and shown to increase MEK1
activity. In summary, somatic mutations in MAP2K1 are a common cause of extracranial AVM. The likely mechanism is endothelial cell
dysfunction due to increased MEK1 activity. MEK1 inhibitors, which are approved to treat several forms of cancer, are potential thera-
peutic agents for individuals with extracranial AVM.













Conclusions / Suggestions.....

» Adopt as current a classification system as you can for these lesions and
make as precise a histologic diagnosis as you can: The tissue phenotype is
still essential in the diagnostic process.

* Move beyond the simple categories we've used for decades that have
obscured the complexity of these lesions

* Remember that even the subtle or innocuous looking lesions may be telling
you something through the microscope about a likely genetic lesion

» Think of these lesions in the way you think of paediatric cancer - not in
their behaviour, of course, but as lesions (many of them at least) that have
an underlying genetic abnormality, whether germline or somatic or both

» Different context from much modern molecular pathology:

» Effects of vascular anomalies often depend largely on where they are
and what tissues they involve

* There is inconsistent genotype / phenotype correlation

* The genetic lesion may be very important for diagnosis of a syndrome
or familial conditions, for management and screening of family
members, and for targeted therapy but in these lesions the mutation is
not the end of the story.




Conclusions

» Changes identifiable in FFPE. If you and the clinicians can provide as tight
a clinico-pathological diagnosis as possible, you are likely to be able to get
extremely valuable genetic information in cases where future management,
family management and genetic counseling depend on it.

» These will NOT happen frequently so you will have to be:

» Open to the suggestion - if you are asked if genetic analysis is possible on
biopsies from vascular lesions, the answer is probably ‘Yes’

» Able to respond to requests for genetic studies you may not have heard
of - groups that are active have published many series and individual
case reports detailing different mutations in specific lesions

« My approach now to a request for a new genetic assay in a vascular
anomaly is to:
e assume | WILL be able to do it
 search the literature and discuss with colleagues

* Very practical aspects to this, including cost: this will fall hugely but
it's still important and performing sequencing on every pyogenic
granuloma, for example, is neither useful nor possible



Realities of daily practice

Per capita total expenditure on health
at average exchange rate (US$), 2011 *
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