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Vascular Anomalies

• Very common in people; often seen in paediatric pathology
• Conditions with very significant physical and psychological 

morbidity, and at times mortality
• An area of pathology that lacks consensus…….
• So…..

• How should we (histopathologists) be classifying these 
lesions ?

• What do we know in 2018 that lets us move beyond histologic 
classification ?

• How can we use that new understanding to help clinicians, 
patients and families ?



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 



International Society for the Study of 
Vascular Anomalies

• Fundamental message to histopathologists is to avoid lumping 
entities into a small number of outdated and inappropriate 
categories.
• “Traditional overgeneric use of the term hemangioma has 

caused inappropriate grouping of entities that are now known 
to be both biologically as well as clinically dissimilar.” North 
PE (2018)

• The ISSVA approach:
• ~angioma => benign vascular tumours arising from cellular 

hyperplasia
• Malformation => true error in vascular morphogenesis, usually 

clinically evident at birth, and showing growth more or less 
proportional to that of the patient, with little endothelial mitotic 
activity.



International Society for the Study of 
Vascular Anomalies

• This approach is NOT followed in many of the current texts 
(e.g. downstairs at the 2018 IAP, Dead Sea, Jordan….)

• Be aware of this classification and the principles that underlie
it.

• Long and complex list !! DO NOT PANIC.
• Often the histopathologist alone cannot make a final 

diagnosis
• Clinical features, flow characteristics, often radiology, and 

pathology together are often necessary for diagnosis.
• Not perfect, not complete, open to discussion









Blue genes - many of them........

• Clear associations between specific mutations and many 
different vascular lesions – list is increasing every year

• In 2018 in daily practice, we continue to use a 
classification based on a combined clinical / rheology / 
radiology / pathology approach, to which molecular 
genetic events can be attached if needed.

• This is likely certain to change .....BUT the tissue 
morphology remains critical (Contrast with some other 
settings.....And why ??)



Molecular genetics in vascular anomalies

• NOT going to review an exhaustive list of mutations
• Many recent reviews and original research publications
• Tailored to specific work groups (Plastic Surgery, Dermatology, 

Histopathology etc.)
• Focused on specific clinical settings (Childhood, Head and Neck, Brain, Eye 

etc.)
• Generalities:
• Many are loss of function mutations but some (e.g. TIE2 in mucocutaneous 

venous malformation; PIK3CA) involve gain of function
• Mechanisms linking mutations and tissue phenotype vary considerably: 

• In many familial examples there is evidence of a two hit mechanism 
combining germline and somatic mutations

• In some the evidence suggests a second mutation elsewhere in the gene 
or in a second gene in the pathway 

• And are complex:
• Genotype / Phenotype relationship is variable, complex and 

unpredictable
• Pause for comparison with e.g. EWS fusion genes in Ewings family. 



Molecular information in daily clinical 
practice

• 3 stories, each related to a different gene, and each with 
slightly different clinical settings and outcomes.

• Three of the more commonly discussed genes in our 
practice:

• RASA1
• PIK3CA
• MAP2K1



1. RASA1

• Gene on 5q; RASA1 inactivates Ras protein
• Loss of function mutations well recognised: Further genetics very complex !
• Boon, Mulliken and Vikkula (2005)
• 6 families with clinically diagnosed CM-AVM (NB: specific condition with 

particular clinical appearance to the lesions) 
• 39 individuals carried mutations in RASA1
• Clinical manifestations variable 
• 4/39 unaffected
• 25/39 had capillary malformations
• 10/39 had high flow lesions (including localized facial AVMs, extensive facial 

AVMs with bony involvement, and cerebral AVMs among others)
• Followed this with a 2013 publication that expanded the numbers and explored the 

complexity of the genetics.
• Clinical effects vary greatly - the germline mutation does not tell the 

whole story: From no apparent lesion and no physiologic effects, to epilepsy, 
hemiparesis, hemifacial hypertrophy or high output cardiac failure, localized spinal 
AVMs and others.  

• But the germline mutation can tell us about risk: 26% of the RASA1 + 
individuals had a high flow lesion (not necessarily clinically visible)



RASA1

• Young girl with clinical port-wine stains on chest and abdomen; 
histologically capillary malformations (so consistent with the 
clinical description of port-wine stain); similar cutaneous 
vascular lesions in a 3 y.o. sister and several family members on 
the child’s mother’s side.

• Germline RASA1mutation ?? 







So....
• Young child

• Clinical features and histology of a complex vascular lesion consistent 
with Capillary Malformation - AVM 

• Remember the need to define these lesions clinically and 
histologically: CM-AVM is not the same as sporadic PWS (assoc. 
often with GNAQ mutation)

• Strong family history, so likely some germline change
• No genetic confirmation

• Targeted sequencing was performed on peripheral blood
• Identified a mutation in RASA1

• Family now has a firm diagnosis of a heritable germline mutation that 
explains the lesions in multiple family members, and provides the best 
possible basis we have at the minute for discussing future management, 
screening, genetic counseling etc.





2. PIK3CA

• PIK3CA encodes a subunit of the enzyme PIK3
• Gain of function mutations in PIK3CA are associated with a wide range of 

overgrowth and malformations including lymphatic malformations, 
generalized lymphatic anomaly including cases with bony resorption 
(Gorham Stout disease) and CLOVES (Congenital Lipomatous asymmetric 
Over- growth of the trunk with lymphatic, capillary, venous, and 
combined-type Vascular malformations, Epidermal naevi, 
Scoliosis/Skeletal and spinal anomalies, OMIM 612918).

• CLOVES - rare but often very severe multi-organ abnormalities that affect 
life expectancy and quality of life

• Child with surgery for several Lymphatic Malformations and a 
neurosurgical procedure for fatty overgrowth of the filum terminale

• Clinically CLOVES considered likely
• Genetic diagnosis possible ?



Nature 2018 ;558(7711):540-546.









So....

• Child with a complex multi-system abnormality involving overgrowth of 
various tissues, located in different areas of the body - likely germline 
abnormality with some sort of secondary genetic or epigenetic event 
happening in various tissues, including vascular anomalies
• Likely clinical diagnosis of CLOVES
• Can now go further than that - targeted sequencing identified a 

diagnostic mutation, in this case PIK3CA
• Family now has a firm genetic diagnosis
• Genetic counseling
• Treatment of this child now possible with specific targeted therapy
• Treatment of affected individuals also possible



3. MAP2K1 (and its colleagues....)

• Encodes a kinase that modifies MEK1
• Mutations in MAP2K1 result in overactivity of MEK1
• Pathway involved in various tumours
• Used therapeutically, allowing targeted approach to cancers, using 

MEK inhibitors 

• Teenage girl (Melbourne)
• Many specimens over several years from a large AVM of the face, 

soft tissue and bones of the head. 
• Disfiguring, progressing, extensive bony permeation with 

destruction of mandible
• [Histology of AMVs ?  Primary growth abnormality may be in much 

smaller vessels, with recruitment of the larger ones]







Am J Hum Genet. 2017;100(3):546–554.



Results in this child:

• Initial sequencing (Melbourne) => no mutation identified in 
MAP2K1

• Discussion and further sequencing (Harvard)
• Mutation present in KRAS

• Same pathway as MAP2K1 
• c.35G→A (p.Gly12Asp) mutation
• Data from Harvard suggest Trametinib (MEK1/MEK2 

inhibitor) works in the setting of mutations in the RAS genes 
as well as MAP2K1 in AVM-derived cells.



So....
• Different context and in this case more directly important for 

therapy
• Not a cancer - doesn’t conform to our model of neoplasia - but 

AVMs can have an unusual and very morbid biology: 
• Can progress relentlessly
• Lesions involving the skull and face can present significant 

difficulties
• (we’re not surgeons but it’s worth stopping for a minute to 

consider the challenges of operating on a huge, pulsatile, high-
flow vascular lesion that permeates bone and soft tissue and 
meninges, in an area where you don’t have the luxury of a 
tourniquet !)

• In this child, a non-surgical way of closing this lesion down - ideally 
both stopping progression and inducing regression - is potentially 
going to save the child’s life



So....
• Treatment with MEK inhibitor commenced
• Several challenges in this case:

• Funding / Regulatory:
• Thinking of funding and regulatory bodies for a lot of these growth altering 

drugs is often based on cancer.
• Use in other settings may require advocacy
• In this case we had to provide evidence that the lesion was actually associated 

with a targetable mutation
• Practical / Tissue based:

• The mutation here was likely to be somatic, not germline, so here we submitted 
lesional FFPE tissue from the child’s large AVM

• NOT a simple exercise; her lesions permeated bone and almost every paraffin 
block had been subjected to decalcification; initial attempts at sequencing failed

• Surgeon returned to the patient purely to obtain AVM in soft tissue for 
sequencing

• Genetic / Theoretical:
• Initial sequencing targeted MAP2K1 and found no abnormality
• Careful assessment of her phenotype by the surgeon involved; discussion with 

the team in Boston; further sequencing
• Finally identified mutation in the pathway, but not in MAP2K1 itself.



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:
• assume I 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



What will the future look like ?

• I don’t know !  But I wonder whether it will include:
• More genetic associations, of course, and a classification 

system increasingly based on our understanding of the 
molecular genetics of these lesions

• Splitting existing entities with shared histology but differing 
genetics

• Epigenetics 
• Move to non-targeted sequencing.

• Importantly will it involve us (histopathologists) ?
• Yes ! The tissue phenotype remains critical
• We have to provide histologic diagnoses that keep up with the 

evolving understanding of vascular anomalies, and that mean 
something to the clinicians

• We have to be ready to provide genetic information to add to 
our histologic diagnosis where necessary
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