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Unassuming international expert in melanoma (subtyping,
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+ MGH Pediatrics
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INTRODUCTION: LEARNING TIPS

Learn the clinical (biologic) behavior,
histopathology, immunohistochemistry, and
molecular genetic data (somatic and
germline)

Don’t be confused by hemangioma vs.
malformation strict classification

« Some show overlapping features

» Use it as a biologic framework

Use classification framework endorsed by
the International Society for the Study of
vascular Anomalies (ISSVA), www.issva.org

(scroll to the end of this file)

Many textbooks lump unrelated entities into
unnatural categories “Capillary
hemangioma” most confusing

Don't call anything with blood vessels,
“hemangioma” or “angioma”

Attend an established multidisciplinary
vascular anomaly clinic or start one (Luclle-
Packard Children’s Hospital VAC, Bruckner,
Lane and Dadras)

Need tissue diagnosis to guide management
(not biopsy for NGS)



http://www.issva.org/

Diagnosis of Complex Vascular Anomalies
(multispecialty vascular anomaly clinic)

Molecular
NGS for PIK3CA, PTEN, GNA/GNAQ
Pathology
J
)
Histopathology Biopsy and IHC markers

Ultrasound (Doppler), MRI/MRA,

Radiographic imaging angiography (for fast-flow lesions)

Complete history, baby pictures,
growth phase, family history

Clinical
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Vascular Anomalies Simplified



BASIS OF CALSSIFICATION

Benign cellular proliferation Error in vascular
Packed lobular capillary morphogenesis
Mitotically active Irregular anastomosing
Congenital or acquired Mitotically inactive
e.g., Infantile hemangioma Usually evident at birth

e.g., Arteriovenous
malformation

Plump
endothelium )
Y
A « Attenuated, flat
k\ & ) endothelium (vascular
Pericytes ; 1 D, \ or lymphatic)

lllustrated by DADARAS



VGFRs (Vascular Endothelial Growth Factor Receptors)

Family of receptor tyrosine kinases

Play role In

« Angiogenesis (formation of new blood
vessels)

« Lymphangiogenesis (formation of lymphatic

vessels) VEGFR1 | | VEGFR2| (Neuropilin2 AVEGFR3
« Bind to VEGF (Vascular Endothelial Growth e == S - e >
Factor) ligands Blood vessel Lymphatic vessel
¥ ¥
* Regulate blood vessel growth, vascular Angiogenesis Lymphangiogenesis

permeability, and cell survival




Receptors
(TIE2, VEGFRS3, etc)

Venous malformation

Capillary malformation
Vascular tumors
Fast-flow
lesions

Arteriovenous malformation

Venous malformation
Lymphatic malformation Pl 3K
PROS

PIK3CA-related overgrowth
spectrum (PROS)

PTEN —

Akt

Venous malformation \

Slow-flow mTOR
lesions \

<PlKopathies> <RASopathies>

2 X Kunimoto K, et al. ISSVA Classification of Vascular Anomalies
Cell proliferation and Molecular Biology. Int J Mol Sci. 2022 Feb 21;23(4):2358.



JClinsichT

About Editors Consulting Editors  For authors  Publication ethics  Publication alerts by email Transfers  Advertising Job board

Physician-Scientist Development Currentissue Pastissues By specialty ~ Videos Collections ~

(CITTEN LTV Angiogenesis  Clinical trials  Open Access | £)10.1172/ci.insight. 173095

(+] _|Olinl%]w]=]

Preliminary results of the European multicentric phase Il trial
regarding sirolimus in slow-flow vascular malformations

Emmanuel Seront,"? An Van Damme,"? Catherine Legrand,* Annouk Bisdorff-Bresson,* Philippe
Orcel,® Thomas Funck-Brentano,® Marie-Antoinette Sevestre,” Anne Dompmartin,® Isabelle
Quere,® Pascal Brouillard," Nicole Revencu,"" Martina De Bortoli,” Frank Hammer,""2 Philippe
Clapuyt,"” Dana Dumitriu,' Miikka Vikkula,""** and Laurence M. Boon''%'5

Published November 8, 2023 - More info

View PDF =
~ Abstract

BACKGROUND. Slow-flow vascular malformations frequently harbor activating mutations in the PI3K/AKT/mTOR cascade.
Phase Il trials pinpointed sirolimus effectiveness as a drug therapy. Efficacy and safety of sirolimus thus need to be evaluated

in large prospective phase Il trials.

Efficacy of Sirolimus in
the treatment of vascular
malformations

» Harbor activating mutations in the
PISK/AKT/mTOR

* MTOR inhibitor

* Patients enrolled
* Pediatrics, 31
o Adults, 101

* Initiated in 2016

 Clinical improvement in 85% of
patients




IMMUNOHISTOCHEMICAL MARKERS: BLOOD VS. LYMPHATIC

Marker Lymphatic Blood
Vessels Vessels
Blood Vascular Specific

CD34 ) + e SO
CD44 - + k.
PAL-E - + ; //
Collagen type IV -/(+) + : l
Collagen type X VIII -I(+) + R T SRR Ty ~
Laminin -I(+) 4+ F ot v Aizg . %
Neuropilin-1 - + e i . )
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VEGFR-3 + - o
Podoplanin + - o
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Panvascular
CD31 (PECAM-1) + ++ A
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Factor VIII-related antigen + ++ . :/ ~ )
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‘CAPILLARY
HEMANGIOMAYS’

» Avoid diagnostic term
‘hemangioma’

« Confusing
* Non-specific

* Provides no prognostic
information
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Vascular tumors

Infantile hemangioma Spindle cell hemangioma
Congenital hemangioma Lobular capillary hemangioma

B e n | g n Tufted angioma Microvenular hemangioma

Masson tumor

Kaposi's sarcoma

B O rd e rl | ne Kaposiform hemangioendothelioma

Angiosarcoma

Malignant




INFANTILE HEMANGIOMA

© 2003 Elsevier - Bolognia, Jorizzo and Rapini: Dermatology - www. 2003 Elsevier - Bolognia, Jorizzo and Rapini: Dermatology - www.dermtext.com

Most common tumor of infancy and
vascular tumor of childhood

Absent at birth, develop within few
weeks of life

Females, head and neck
Solitary, plague, or multiple

Growth pattern: proliferating, involuting
and involuted

DDX: congenital hemangiomas, LCH,
congenital intramuscular hemangioma

IHC: GLUT-1+, LYVE-1+ (proliferating
phase), LeY+, WT-1+, Prox-1-

Heterogenous tumor: endothelial cells,
fibroblasts and pericytes
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—®— LYVE-1+

Infantile hemangiomas are arrested in an early
developmental vascular differentiation state

Soheil S Dadras®?, Paula E North?, Jennifer Bertoncini?, Martin C Mihm? and

Prox-1-
SLC-
VEGFR-3+
CD31+
CD34+
X\ Michael Detmar!
; 3.

@ LYVE-1- Cardinal e, LYVE-1+ &, LYVE-1+
Prox-1 «‘i Vein { Prox-1+ ' Prox-1+
SLC- .J SLC- SLC+
VEGFR-3- w VEGFR-3+ VEGFR-3+
CD31+ CD31+ CD31+
CD34+ Lymphatic CD34+ CD34-
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Infantile Hemangioma Tumeor Lobule

Arrested Vascular Development
Hypothesis

Dadras et al., Mod. Path. 2004



CONGENITAL
HEMANGIOMAS

» Develop in-utero, fully developed at birth

M=F incidence

Clinical behavior:
 Rapidly involuting (RICH)
* Non-involuting (NICH)
 Partially involuting (PICH)

GNAQ and GNATT mutations

P2 ¥
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DDX: infantile hemangioma, congenital N
SEEREIR S S

Intramuscular hemangioma S R s 5 ¥
IHC: GLUT-1-. LYVE-1- RICH: Multinodular proliferation
' Lobular configuration
Numerous, tightly packed capillary-sized blood vessels
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LOBULAR CAPILLARY
HEMANGIOMA (PYOGENIC
GRANULOMA)

« Common, benign neoplasm

* Any age, M=F, head and neck >> limbs

» Local recurrence with multiple satellite lesions
* Pregnancy

* \ariants:

» Subcutaneous/deep (upper limbs) Intravascular
(neck, upper extremities)

« DDX: infantile hemangioma, bacillary
angiomatosis

« RAS and BRAFV600E mutations

ler - Bolognia, Jorizzo and Rapini: Dermatology - www.dermtext.com




collarette

[

Exophytic lobulated dermal nodule
Ulcerated, well-formed collarette
Numerous capillaries
Edematous stroma with secondary inflammation



Capillaries form lobules
Mitoses
Minimal cytologic atypia




INTRAVASCULAR PAPILLARY
ENDOTHELLIAL HYPERPLASIA
(MASSON TUMOR)

» Benign, common, slow growing cystic nodule

Eosinophilic
hyaline material
covered by a
single layer of

endothelia
Organizing thrombus
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* Primary: head and neck or extremities of
young females

Secondary (incidental): in other vascular
tumors (spindle cell hemangioma)

« DDX: Angiosarcoma

© Elsevier Ltd 2005. McKee et al.: Pathology of the Skin with Clinical Correlations 3e



SPINDLE CELL HEMANGIOMA

1st three decades of life

Distal extremities, red-blue
painful nodule

Associated (rare): Maffucci or
Klippel-Trenaunay syndrome

/DH R132C mutation

DDX: Kaposi sarcoma, epithelioid
hemangioendothelioma, (low-
grade angiosarcoma)

IHC: CD31+, CD34+, ERG+

Reticulin: shows vasoformative
architecture




Intracngolasrhic :
lumina: ¥

Subcutaneous
Dilated, irregular, cavernous vascular channels (~malformation)
Bundles of smooth muscle around blood vessels
Thrombosis and papillary projections

ort spindle cells

PR



MICROVENULAR
HEMANGIOMA

Limbs of young adults

Red-bluish papule, nodule, or plague

Benign, recurrence Is rare
IHC: CD31+, CD34+, ERG+, WT1+

 GLUT-1-, Podoplanin-
« SMA+ pericytes surround vascular channels

DDX: Kaposi sarcoma, (angiosarcoma)

Yuko EHARA et al. Multiple microvenular hemangioma eruptively
concentrated on an adult https://images.app.goo.gl/pyERbNfggSXio1rP7



ion of dermis
agen bundles
i




TUFTED ANGIOMA

* Any age, M=F, head and neck >> limbs
» First year of life, congenital (25%)
 Macules and plaque, red-purple

« Usually benign, can be complicated by
« Consumptive coagulopathy (Kasabach-
Merritt syndrome)

« DDX: LCH (deep), Kaposi sarcoma (rare in
children)

* |HC: Prox-1+, Podoplanin+
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Peripheral lymphatic space, lined by attenuated
Tiny holes suggest capillaries endothelium
Peripheral crescent shaped lymphatic space Microthrombi (consumptive coagulopathy)
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KAPOSIFORM
HEMANGIOENDOTHELIOMA

* |Infants (<1 year), may occur in older
children/adults.

« Solitary, ill-defined, violaceous (purplish) mass
or plague.

o Painful, firm, and infiltrative (unlike infantile
hemangioma).

» Kasabach-Merritt phenomenon (KMP) in
~50% of cases:
» Severe thrombocytopenia (platelet
trapping)

* Hypofibrinogenemia, elevated D-
dimer (DIC-like coagulopathy)

Ji, Y., et al. Kaposiform hemangioendothelioma: current knowledge and
future perspectives. Ormphanet J Rare Dis 15, 39 (2020).



p- Sheets/fascmles of bland splndle -
celle (fesemblmg Kaposi sarcoma) .
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Deep dermal and subcutaneous tumor nodules o
channgls (containing RE?CS) s |

Hemorrhage, hemosiderosis



ORIGINAL ARTICLE

Mouse model: ectopic £rox-7 Expression of Prox1, Lymphatic Endothelial Nuclear
expression Transcription Factor, in Kaposiform
» Local aggressive growth: Hemangioendothelioma and Tufted Angioma

» Dadras et a/l. (Detmar) J/D 2008. _ ) _ ‘
Aude Rimella Le Huu, MD,*{ [ Chris H. Jokinen, MD,§ Brian P. Ruben, MD, PhD,§

_ Martin C. Mihm, MD,| Sharon W. Weiss, MD,¥ Paula E. North, MD, PhD#
KHE, TA, IH, PG and GT (n=75) and Soheil S. Dadras, MD, PhD* ¥

ol ™ & "IV p o - e 2TVIVT N
¥ A o) TR e LR D W ORG

KHE and TA are closely related

Shared an identical endothelial Glomerloid foci

immunophenotype: (central) :
P _ P _ PROX-1-
* Glomeruloid cells negative: Prox-1, Podoplanin-
Podoplanin (D2-40) and LYVE-1
« Spindle cells positive: Prox-1, Podoplanin Spindle cells
(D2-40), LYVE-1, CD31 and CD34 (peripheral):
_ PROX-1+
IHC DDX: IH, LCH negative for Prox-1 Podoplanin+

and Podoplanin (D2-40)

Am. J. Surg. Pathol. 2010



KAPOSI SARCOMA

 Human herpesvirus (HHV-8, KS-associated
herpesvirus)

 Clinical groups:
» Classic: elderly male
* AIDS-related: young adult males

* Immune-associated: rare, kidney transplantation
» African, sub-Saharan Central Africa

» Reddish-blue patch, nodule

« DDX: progressive lymphangioma,
angiosarcoma, tufted angioma, KHE

o |[HC: HHV8+, CD31+, CD34+, D2-40+

Isevier - Bolognia, Jorizzo and Rapini: Dermatology - www.der




rmal vessels (

)

busy dermis

e
=

o
76
D

Increased |

Early patch stage

INa

m

Ve

\
e

e
s

T e
l!l, - >4

i L1 AL

"’
e

A

i

¥
i
)

RS
"'ﬁ’q
o el

£
>

ar




sated erythrocytes —

v ol
5 ,
>
. m“ NG
N wf"-yr » o
‘






ANGIOSARCOMA

Clinical settings

* |diopathic, head and neck, older adults
* Lymphedema-associated, any age, limbs

e Post-irradiation

Bruise-like patches and plagues, hemorrhagic

Many gene mutations (melanoma),
ERK/MAPK pathway

DDX: Kaposi sarcoma

IHC: CD31+, CD34+, FLIT+, ERG+, HHVS8-

(© 2003 Elsevier - Bolognia, Jorizzo and Rapini: Dermatology - www.dermtext.com
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VASCULAR MALFORMATIONS

SLOW-FLOW VASCULAR FAST-FLOW VASCULAR
MALFORMATIONS MALFORMATIONS
» Blood flow is sluggish or low-pressure  Blood flow is rapid, high-pressure, often
. Types: with arterial involvement
 Venous malformations (VMs) * Types:

* Arteriovenous malformations (AVYMs)
« Arteriovenous fistulas (AVFs)

« Symptoms: Pulsations, pain, ischemia (due
to "steal’ phenomenon), bleeding, or
cosmetic deformity

« Lymphatic malformations (LMs)
» Capillary malformations (CMs)

« Symptoms: Pain, swelling, localized mass,
sometimes bleeding or clotting (in venous
malformations)




VERRUCOUS VENOUS MALFORMATION
(VERRUCOUS HEMANGIOMA)

MAP3K3 missense somatic mutation

Resembles angiokeratoma (superficially)
» Dilated, congested capillaries push up into dermis
» Papillomatosis, acanthosis, hyperkeratosis (verrucous)

« Subcutaneous component numerous capillaries

DDX: angiokeratoma, infantile hemangioma
(GLUT1+)

IHC: GLUT1- (focal+), WT1+

Verrucous hemangioma. Clairwood, Bruckner &
Dadras. JCP 2011
Lucile-Packard Vascular Anomaly Clinic
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 Clinical Information: 5-year-old male with vascular lesion of the lip that has been a diagnostic challenge. It was
initially considered to benign hemangioma (including on path from first excision), but after a poor response to
propranolol the diagnosis was reconsidered. A second excision sample from 2020 was more consistent with a
venous malformation, but a lymphatic component couldn’t be excluded.

« DIAGNOSIS:
Skin, Left Upper Lip, Excision :

- Venous malformation without lymphatic component.

Comment: Per the request of Dr. X, the current excision was reviewed. The prior excisions from 2019 and 2022
were also reviewed in conjunction. All three excisions demonstrate similar features of vast areas of cystically dilated
venous structures that are collapsed or contain fibrin thrombi.

By immunohistochemistry, CD31 highlights numerous collapsed venous structures while Podoplanin (D2-40) is
negative for lymphatic differentiation.

« Minimal Diagnostic Criteria:
« Large, empty dilated vascular spaces with thin walls and valve-like structures
* Immunohistochemistry (IHC) markers (Podoplanin, PROX-1, & LYVE-1) are negative for lymphatic component

 Differential Diagnosis:

* Venous lymphatic malformation (IHC markers positive for lymphatic differentiation)
* Mlicrocystic lymphatic malformation
* Sinusoidal malformation (hemangioma)
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DIGITAL SKIN PATHOLOGY (DiSK)

Learn Histologic Diagnosis Case-By-Case

DERMATOPATHOLOGY: LEARN HOW TO

DIAGNOSE SKIN DISEASES DERM PATH
DIAGNOSTICS

Pathology of the Skin

WITH CLINICAL CORRELATIONS

Eduardo Calonje
Thomas Brenn  Alexander J. Lazar  Steven D. Billings

Understand your patient's dermatopathology diagnostic report to
provide better clinical care (how to diagnose skin diseases). derm
path diagnostics

« Dadras Image collection

» Digital Skin Pathology
https://digitalskinpathology.com

e Current lecture
» Examples of cases

 Quizzes

 McKee’s Pathology of the Skin
Eduardo Calonje

* ISSVA.org

 \WWHO Classification of Tumors
(Skin Tumors 5t edition)



https://digitalskinpathology.com/
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VASCULAR ANOMALIES
|

PUVA
vASCULhHIL TUMORS | VASCULAR MALFORMATIONS e i
I | I
Benign Borderline Malignant Fast-Flow Developmental
Anomalies
« |solated of
* Multifocal Named Vessels
«  Synd '
yneromie Slow-Flow
|
[ | I I
Capillary Lymphatic Venous Combined
»  Nevus simplex, Salmon Patch * Isolated + Isolated + lsolated
«  Port wine CM = Complex «  Multifocal +  Syndromic
* Reticulate/telangiectatic CM * Lymphedemas * Syndromic

» Geographic Pattern CM
+ Low-resistance CM/CM with faster flow
+  Cutis marmarata telangiectatica congenita

’ Telangiactasias and Spid er Anginmas Copyright © 2025 Infernational Society for the Study of Vascular
Anomalies [15SVA). All righfs resenved.



| VASCULAR TUMORS

Benign* | Borderline Malignant
* Infantile hemangioma . , , .
. Congenital hﬂm?mgmma « Kaposiform hemangioendothelioma « Angiosarcoma
*  Tufted angioma * Retiform hemangiocendothelioma « Epithelioid

= Cherry angloma

. Epitheliold hemangioma « Papillary intralymphatic angioendothelioma hemangicendothelioma
-« Cutaneous epitheliold angiomatous nodule (PILA), Dabska tumor

" g}rﬂ;gjnic gl ﬁnmﬂma| (lobular capillary hemangioma) * Pseudomyogenic hemangioendothelioma

" inde-cell hemangloma i i

R et glo " . Pﬂlym?rphcus hemangioendothelioma

*  Microvenular hemangloma « Kaposi's sarcoma

*  Anastomosing hemangioma « Composite hemangioendothelioma

= Glomerulold hemangloma .

«  Paplliary hemangioma Multifocal lymphangioendotheliomatosis

»  Acquired elastotic hemangloma with thrombocytopenia (MLT)
= Intravascular papillary endothelial hyperplasia (Masson
tumaor)

= Littoral cell hemangioma of the spleen
= Placental choricangioma

= Eccrine anglomatous hamartoma

= Reactive angloendothellomatosis

= Baclllary anglomatosis

Copyright © 2025 Internafional Society for the Study of Vascular

Reactive proliferative vascular leslons are listed with benign vascular tumaors Anomalies (ISSVA). All rights reserved.



VASCULAR MALFORMATIONS

Fast-Flow
Slow-Flow Developmental
Anomalies
+  lsolated of
+ AVM Named Vessels
« Intramuscular Fast-flow Vascular Anomaly
«  AVF
*  Multifocal
« CM-AVM 1 and2
« HHT1and 2 and JPHT
« PHTS
+  Syndromic Capillary Lymphatic Venous Combined

+  PHOST (PHTS)
+ Parkes-Weber Eyndmma
+ SAMS
+ CAMS

Copyright © 2025 Infernational Sociefy for the Study of Vascular
Anaomalies (IE5VA). All rights rezerved.



Copyright © 2025 International Society for the Study of

Vascular Anomalies {(IS5VA). All rights reserved.
VASCULAR MALFORMATIONS iR
|
SLOW-FLOW
| ]
Capillary Lymphatic | | Venous Combined
+ Mevus simplex, Salmon Patch
* Port wine CM {Porl wine Bithmark, Mevus flammeus) + Isolated + |lsolated + |golated
+ |solated (includes Phacomatosis Plgmentovascularis) + LM « W « CLVM
+ Syndromic + Macrocystic + Phlebectatic « LWM
= With hypertraphy or extracutaneous diseasa + Microcystic + Spongiform « CLM
» Sturge-Weaber Syndrome + Mixed Macro- * WM * CVM
* DEMO microcystic = FAVA = HOCWVMAM
« Reticulatefielangiectatic Ch « Anglokeratoma = Multifocal + Syndromic
+ |zolated » Comiplax « WMCM * PROS
+ Syndromic + GLA = MSVM = KTS (CLWVM with
» M-CM = KLA » BRENS hypertrophy)
* MIC-CAP + G50 = VM « CLOVES
» DCMO » CCLA » HCCWMICCM « CLAPO
« Geographic Pattern Ch + |solated  WMOS * Proteus Syndromea
» Izolated » Syndromic » Syndromic
+ Syndromic (RASopathy) » PHTS
g - CLOVES Developmental
» Associated with CLOVES/Disorders of PROS » GLD + Mafuecl Syndrome Anomalies
o Low-resistance CMICKM with faster flow » Lymphedemas * Sinus Parcrani
+ |zolated * Primary of
* Syndromic * Isolated Named Vessels
 ChM-AVM 1 and 2 « Syndromic
* Parkes-Weber Syndrome » Secondary
« Cutis marmaorata Telangiectatic Congenita
+ Telangiectasias and Spider Anglomas * Vena cava
» |solated * Aorta
» Syndromic » Wain of Galen
« Ch-AVM 1 and 2 * Others

= HHT 1 and 2 and JPHT {see AVM category)



