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Parkes Weber Syndrome
Contribution of the Genotype to the Diagnosis

Themis-Areti A. Andreotia,b, Aleksandra Tulejab,c, Yvonne Döringc,d,e,f, Massimo Maioloc,g,h, André Schalleri, 
Erik Vassellag, Christiane Zweieri, Laurence M. Boonj,k, Miikka Vikkulaj,k,l, Jochen Rösslera,m,*,  
Sarah M. Bernhardc,d,*, Iris Baumgartnerc,d,*

Abstract 
Objectives: Parkes Weber syndrome (PWS) is a rare disorder that combines overgrowth, capillary malformations, and 
arteriovenous malformations (AVM)/arteriovenous fistulas, for which underlying activating mutations in the ras/mitogen-activated 
protein kinase/extracellular-signal-regulated kinase signaling pathway have been described. The clinical overlap with Klippel-
Trenauny syndrome, associated with mutations in PIK3CA, is significant. This case series aimed to elaborate on the phenotypic 
description of PWS, to underline its clinical overlap with Klippel-Trenauny syndrome and nonsyndromic AVM, and to evaluate the 
contribution of genotypic characterization to the diagnosis.
Methods: All patients diagnosed with PWS upon enrollment in the Bernese VAScular COngenital Malformations (VASCOM) 
cohort were included. The diagnostic criteria of PWS were retrospectively reviewed. A next-generation sequencing (NGS) gene 
panel (TSO500, Illumina) was used on tissue biopsy samples.
Results: Overall, 10/559 patients of the VAScular COngenital Malformations cohort were initially diagnosed with PWS. Three 
patients were reclassified as nonsyndromic AVM (Kristen Rat Sarcoma Viral oncogene homolog [KRAS], KRAS+tumor protein 
p53, and protein tyrosine phosphatase non-receptor type 11). Finally, 7 patients fulfilled all clinical diagnostic criteria of PWS. 
Genetic testing was available in 5 PWS patients. Only 1 patient had the classic RASA1 mutation; another patient had mutations 
in G protein subunit alpha q (GNAQ) and phosphatase and tensin homolog. In a third case, a PIK3CA mutation was detected. In 
2 patients, no mutations were identified.
Conclusion: Overgrowth syndromes with vascular malformations are rare and their clinical overlap hampers the classification 
of individual phenotypes under specific syndrome labels, sometimes even despite genetic testing. To provide optimal patient care, 
an accurate phenotypic description combined with the identification of molecular targets for precision medicine may be more 
meaningful than the syndrome classification itself.

Keywords: genetic testing, Klippel-Trenauny Syndrome, overgrowth syndromes, Parkes Weber Syndrome, PIK3CA-related 
overgrowth spectrum, PIK3CA
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Introduction

Various rare, heterogenous conditions with significant clin-
ical overlap, that present with congenital vascular malfor-
mations and segmental overgrowth, are categorized among 
“vascular malformations associated with other anomalies” 
in the current International Society for the Study of Vascular 
Anomalies classification.1 The continually evolving advances 
in the realm of molecular genetic pathology have revealed 
activating mutations in the phosphoinositide 3-kinase 
(PI3K)/AKT/mammalian target of rapamycin (mTOR) 
and ras/mitogen-activated protein kinase/extracellular-sig-
nal-regulated kinase (RAS/MAPK/ERK) signaling pathways 
as the genetic background for the majority of vascular mal-
formations, and this subcategory is no exception.2,3

In Parkes Weber syndrome (PWS), overgrowth and capil-
lary malformations (CM) are combined with fast-flow vas-
cular malformations (arteriovenous malformation [AVM] 
and arteriovenous fistula [AVF]).4 Both germline and somatic 
activating mutations in various components of the RAS/
MAPK/ERK pathway have been identified in patients with 
PWS in the last few years.5–7 In patients with AVM, when not 
all phenotypic characteristics of the syndrome are present, 
the diagnosis of nonsyndromic AVM is to be considered.

Often enough, PWS is misdiagnosed as Klippel-Trenauny 
syndrome (KTS), which combines overgrowth and CM with 
slow-flow vascular malformations (venous malformation 
[VM] ± lymphatic malformation [LM]) of an extremity.8 
KTS is the most important representative of the PIK3CA-
related overgrowth spectrum (PROS)9 and of the entire sub-
category of vascular malformations with overgrowth.

Objectives

The focus of this case series remains primarily on the phe-
notypic description of PWS, with an emphasis on the clini-
cal overlap with PROS/KTS as well as with nonsyndromic 
AVM. The consequent challenges in differential diagnosis are 
underlined, and the possible contribution of genetic testing 
to the diagnosis is evaluated.

Methods

Ethical approval of the cohort and informed consent forms

The Bernese VAScular COngenital Malformation 
(VASCOM) cohort of the Inselspital-University Hospital of 
Bern, Switzerland (ethics board number 2017-01960, Ethics 
Committee of the Canton of Bern), has been enrolling con-
secutive patients with congenital extra-cranial/extra-spinal 
vascular malformations since 2008.10 In our center, genetic 
testing was implemented as a standard of care in October 
2020. All patients (or their legal guardians) provided written 
informed consent forms for data analysis and genetic testing.

Study sample, clinical data collection, and genetic testing

Patient data were prospectively collected using caregiver-com-
pleted electronic case-report forms. All patients that were 
recruited to the VASCOM cohort between 2008 and 2021 
were reviewed for eligibility; patients diagnosed with PWS at 
the time of recruitment were included in this case series.

In the second step, the diagnostic criteria for PWS were 
retrospectively reviewed in all patients:

	 1.	AVM/AVF, confirmed by digital subtraction angiogra-
phy and/or magnetic resonance angiography (MRA), 

with net shunt volume measurement using duplex 
ultrasound;

	 2.	clinically diagnosed cutaneous CM; and
	 3.	 signs of overgrowth: soft-tissue hypertrophy, con-

firmed on MR, and limb length difference (LLD), 
objectively assessed by clinical measurement and/or 
long-leg radiography.

With the intention of underscoring the extent of diagnos-
tic challenges, we did not exclude patients with a retrospec-
tive diagnosis revision.

Genetic testing was performed by next-generation sequenc-
ing (NGS) on frozen tissue available from diagnostic biop-
sies using the TruSight Oncology 500 gene panel (TSO500, 
Illumina);11 the TSO500 was originally designed to target 
exonic regions of 523 genes associated with solid tumors 
and covers most of the pathogenic variants that cause vascu-
lar malformations. Sequencing was performed at the Clinical 
Genomics Lab of the Inselspital. The term “mutation” is 
used throughout this article in place of the more precise term 
“pathogenic variant.” Variants of unknown significance are 
not presented.

Results

Study sample description

A total number of 559 pediatric and adult patients with 
non-central nervous system vascular malformations were 
enrolled in the VASCOM cohort,10 and tissue biopsy sam-
ples of 90 patients (16.1%) were genotyped until June 2022.

Upon enrollment in the VASCOM cohort, 10 out of 559 
(1.8%) patients were clinically diagnosed with PWS. In 3 
out of 10 patients, we retrospectively revised the diagnosis 
to nonsyndromic AVM, combined with either overgrowth or 
CM (Kristen Rat Sarcoma Viral oncogene homolog [KRAS], 
case 8; KRAS+ tumor protein p53 [TP53], case 9; protein 
tyrosine phosphatase non-receptor type 11 [PTPN11], case 
10). Seven patients (1.25%) fulfilled all clinical diagnos-
tic criteria of PWS; 2 patients had negative genetic testing 
(cases 2 and 6), whereas somatic mutations were found in 3 
patients (RASA1, case 4; G protein subunit alpha q [GNAQ] 
+ phosphatase and tensin homolog [PTEN], case 5; PIK3CA, 
case 7). Genetic testing was not available in 2 PWS patients 
(cases 1 and 3) (Figure 1 and Table 1).

Case 1: Parkes Weber syndrome, no genetic testing

An athletic 22-year-old woman with AVM of the right 
arm, cutaneous CM, and LLD first noticed a difference in 
arm circumference at 17 years of age. A net shunt volume 
of 2080 mL/min in the right subclavian artery was stable 
over time, with normal left ventricular (LV) function on 
the echocardiogram. Diffuse multifocal arteriovenous (AV)-
shunts were revealed on angiography so that an endovascu-
lar embolization had no expected benefit; the patient was 
treated conservatively with supportive measures (Figure 2).

Case 2: Parkes Weber syndrome, no mutation detected

A 30-year-old man presented with a microfistular AVM infil-
trating muscles and bones of the left pelvis and leg, LLD, 
lymphedema, and elevated D-dimers. A shunt in the common 
femoral artery was progressive (3 L/min at age 30 years, 9 L/
min at age 44 years), leading to secondary LV hypertrophy, 
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yet with a preserved ejection fraction (EF). The patient 
underwent multiple embolizations; a probatory off-label 
treatment with mTOR inhibitor (sirolimus) was ineffective 
and, thus, interrupted after 1 year. The patient was later gen-
otyped, and no relevant mutation was identified (Figure 2).

Case 3: Parkes Weber syndrome, no genetic testing

A 28-year-old man with a history of a ruptured aneurysm of 
the left external iliac artery and a lower leg amputation in the 
context of PWS (skin CM, AVM, history of LLD) was referred 
to our center. The patient was on thalidomide and underwent 
multiple coil- and alcohol embolizations for the bone-infiltrat-
ing AVM of the residual limb. After a second amputation over 
the knee, his clinical course was complicated with chronic 
nonphantom-limb pain, as well as poor wound healing, pro-
gressive ulceration, skin necrosis, chronic wound infection, 
and recurrent bleeding with transfusion-requiring iron-defi-
ciency anemia. The patient was transferred to a palliative care 
setting, where he died at age 30 due to major bleeding.

Case 4: Parkes Weber syndrome, RASA1 mutation

A 40-year-old woman with skin CM, microfistular AVM, 
overgrowth of the right lower limb, and mildly reduced EF 
(56%), was referred to us for further treatment. She had a 
previous history of epiphysiodesis in childhood and coil-
ing of various microfistular AV-shunts in puberty. After an 
uncomplicated clinical course for almost 2 decades under 

compression therapy, she presented with recurrent episodes 
of debilitating pain at age 34 years and was treated with a 
debulking operation; this was preferred to embolization due 
to her microfistular angiographic findings. After short-term 
postoperative relief, the symptoms partially recurred.

A markedly increased shunt volume with partial arteri-
alization of dilated superficial veins was seen on the duplex 
ultrasound, which reduced from 3.5 to 1.5 L/min after alco-
hol embolization. She was not restricted in her daily physi-
cal activities, and her cardiac function was normal. A classic 
RASA1 mutation was detected (Figure 2).

Case 5: Parkes Weber syndrome, mutations in GNAQ and 
PTEN

A 55-year-old man with a previous KTS diagnosis (cutane-
ous CM, LM, overgrowth of the left leg, elevated D-dimers) 
and worsening symptoms after significant weight gain, 
attributed to decreased physical activity during the COVID-
19 pandemic, was referred to us for further treatment. He 
had a previous history of stripping of a lateral marginal vein 
(LMV), was currently under compression therapy and lymph 
drainages, and had a clinical course complicated with recur-
rent foot ulcers, erysipelas, and sepsis.

The duplex ultrasound showed an increased flow in the 
left common femoral artery, with a net shunt volume of 
200 mL/min; after the refusal of the patient to undergo an 
MRA, a diagnostic angiography confirmed the presence 

Figure 1.  Flowchart of the diagnostic procedure.
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Figure 2.  Patients with final diagnosis of PWS (cases 1, 2, and 4*). Patient photos, thermographic images (A–C), and digital subtraction angiography (DSA) 
at an early (D), late (E), and very late phase (F). * Case 3 was referred to our center after amputation of the affected limb, which is why no adequate imaging 
is available.

Figure 3.  Patients with final diagnosis of PWS and referral diagnosis of KTS (cases 5 and 6). Patient photos, thermographic images (A–D), and digital subtrac-
tion angiography (DSA) at an early (E), late (F), and very late phase (G) of cases 5 and 6 are shown. KTS indicates Klippel-Trenauny syndrome; PWS, Parkes 
Weber syndrome.
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of microfistular AVMs, and his former KTS diagnosis was 
revised to PWS. The TSO500 NGS panel showed mutations 
in GNAQ and PTEN (Figure 3).

Case 6: Parkes Weber syndrome, no mutation detected

A 20-year-old woman formerly diagnosed with KTS (cutane-
ous CM of the right leg, LMV, overgrowth) was referred to 
our clinic for a preoperative evaluation before an orthopedic 
knee surgery. The LMV was successfully treated with sclero-
therapy. A conspicuous dilatation of the femoral vein in the 
distal third of the thigh was seen on MRA, raising suspicion 
for an AVM. The presence of multiple microfistular shunts 
with the early venous filling was angiographically confirmed, 
and the Doppler ultrasound revealed a shunt of 500 mL/min 
in favor of the affected extremity, so that we eventually diag-
nosed her with PWS (Figure 3).

Case 7: Parkes Weber syndrome, nonhotspot PIK3CA 
mutation

A 39-year-old woman with a KTS diagnosis since child-
hood (cutaneous CM, VM, left foot overgrowth with mac-
rodactyly, elevated D-dimers) and a previous history of toe 
amputation, thrombosis, and repeated stripping of recur-
rent varicose veins was referred to us when angiographic 
evidence of a fast-flow malformation was found. Multiple 
microfistular shunts were indeed demonstrated on MRA 
without significant shunt volume on duplex sonography. 

The diagnosis was revised to PWS, and the patient was 
treated with multiple embolizations. Surprisingly, the 
TSO500 NGS panel revealed a somatic nonhotspot PIK3CA 
mutation. Since neither PWS nor PROS could describe this 
patient accurately enough, we assigned a descriptive diag-
nosis (phenotype of PWS/ genotype PIK3CA) (Figure 4).

Case 8: multiple arteriovenous malformations with 
overgrowth, somatic KRAS mutation, and germline FBN1 
mutation

We examined a 29-year-old woman with overgrowth 
apparent since birth, multiple AVMs in the entire right 
lower limb, and elevated D-dimers; compression socks 
were used since puberty when varicose veins first appeared. 
She also had lymphedema, and her clinical course was 
complicated by recurrent erysipelas and ulcers. Previous 
treatments included epiphysiodesis as well as multiple 
debulking operations and embolizations, after which, by 
the age of 33, there were no angiographic indications for 
further treatment.

Then, 4 years later, the patient presented symptoms of pro-
gressive exercise intolerance; a recurrence of the AVM with a 
shunt volume of 2.8 L/min was confirmed on tomography and 
duplex ultrasound. Although her systolic function was normal 
(EF >60%), an aortic root aneurysm and annuloaortic ecta-
sia were seen on the echocardiogram; this raised suspicion 
for a concomitant Marfan syndrome, which was genetically 

Figure 4.  Patient with PIK3CA-PWS and referral diagnosis of KTS (case 7). Patient photos (A–C), corresponding thermographic images (A’–C’), MR images 
with time-resolved angiography with interleaved stochastic trajectories (TWIST) and golden-angle radial sparse parallel (GRASP) sampling sequences of both 
legs (D) and left calf and foot (E), as well as digital subtraction angiography (DSA) of the left calf and foot at an early (F), late (G), and very late phase (H). KWS 
indicates Klippel-Trenauny syndrome; PWS, Parkes Weber syndrome.
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Figure 5.  Patients with diagnosis revision to AVM with overgrowth (cases 8 and 9). Patient photos, thermographic images (A–C), and digital subtraction angi-
ography (DSA) at an early (D), late (E), and very late phase (F). AVM indicates arteriovenous malformations; CM, capillary malformations

Figure 6.  Patient with diagnosis revision to bilateral AVM with CM (case 10). Patient photos (A–C), corresponding thermographic images (A’–C’), and digital 
subtraction angiography (DSA) of the left calf at an early (D), late (E), and very late phase (F).

D
ow

nloaded from
 http://journals.lw

w
.com

/jova by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 01/08/2024



Contribution of the Genotype to the Diagnosis of PWS	 www.issva.org	 9

confirmed. A previously treated aneurysmatic internal iliac 
artery was retrospectively attributed to Marfan syndrome and 
further treated with embolizations and ligation. The patient 
was on thalidomide, and additional embolizations were per-
formed to treat the AVM; a KRAS mutation was found in the 
TSO500 NGS panel, and the patient was started on trametinib.

The patient’s cutaneous lesions were compatible with 
hyperpigmentation, secondary to elevated hydrostatic 
pressure, and her history was negative for birthmarks; 
in the absence of cutaneous CM, the diagnosis was 
revised to nonsyndromic multiple AVMs with overgrowth 
(Figure 5).

Case 9: arteriovenous malformations with overgrowth, 
mutations in KRAS and TP53

A 61-year-old man with AVM, overgrowth of the right lower 
leg and foot, and elevated D-dimers was referred to us for 
further treatment after vascular surgery for thrombosis of 
the distal superficial femoral artery and popliteal artery, sec-
ondary to an aneurysm of the tibiofibular trunk. The patient 
had massive varicose veins, recurrent thrombophlebitis, 
recurrent ulcers, and erysipelas, as well as lymphedema with 
lymphorrhea. Previous treatments included osteotomy (LLD 
+ 5 cm), multiple treatments for his varicose veins, shunt 
ligations, and conservative measures (ongoing compression 
treatment and lymph drainages).

An AVM with multiple arteriovenous shunts was demon-
strated on MRI, and the duplex ultrasound revealed a net 
shunt volume of 1500 mL/min in favor of the affected leg. 
The patient was treated with embolizations; postinterven-
tionally, he had another episode of malleolar ulceration, 
complicated with recurrent erysipelas and impaired wound 
healing, requiring autologous skin grafting. The shunt vol-
ume was stable over time, and his echocardiogram showed 
a hypertrophic LV with preserved EF. In the absence of cuta-
neous CM, the diagnosis was revised to nonsyndromic AVM 
with overgrowth. Mutations in KRAS and TP53 were iden-
tified (Figure 5).

Case 10: arteriovenous malformations and capillary 
malformations, PTPN11 mutation

A 34-year-old man, with a congenital CM of the left lower leg 
and bilateral varicose veins, was referred to our center. A sur-
gical resection of symptomatic varicose veins was performed 
at age 20; intraoperatively, atypical findings were present but 
not further investigated. The patient’s recurrent symptoms 
stabilized after selective micro-coiling of the feeder branches 
of the left tibial artery at age 25. Our imaging studies 
revealed microfistular AVMs in both lower extremities, with 
concomitant venous insufficiency of the right great saphe-
nous vein. After two debulking operations, the patient was 
asymptomatic. However, a local relapse occurred, under-
scoring the spontaneously progressive nature of the malfor-
mation. Given the presence of a somatic PTPN11 mutation, 
the therapeutic option of a mitogen-activated protein kinase 
kinase inhibitor (trametinib) was discussed but not favored, 
because of the patient’s asymptomatic postoperative course 
and wish to procreate. In the absence of overgrowth, the 
initial diagnosis of PWS was revised to nonsyndromic AVM 
with CM (Figure 6).

Discussion

We report on 10 patients that were phenotypically diagnosed 
with PWS upon enrollment in our monocentric vascular mal-
formation cohort. After reviewing the clinical findings, we 
assigned a definite diagnosis of PWS to only 7 patients (7/10); 
only 1 of them had a classic RASA1 mutation. Interestingly, 
a nonhotspot PIK3CA mutation was identified in 1 patient 
with the PWS phenotype. Cases 4,5, and 7–10 have been 
included in other studies.13,14

In the systematic review of Banzic et al. reporting on 48 
patients with PWS, the lower extremities were affected in 
87.5% of patients.4 In our series, all 7 of our PWS patients 
were unilaterally affected with AVM and cutaneous capil-
lary malformation (ie, nevus flammeus) in 1 extremity (6/7 
lower extremity) along with ipsilateral soft-tissue and skele-
tal overgrowth (soft-tissue hypertrophy 7/7, LLD in favor of 
the affected limb 7/7).

All patients underwent multiple treatments, including vas-
cular surgery (debulking surgery: PWS 3/7 and AVM 2/3; 
stripping of varicose veins and/or LMV: PWS 2/7 and AVM 
2/3), orthopedic surgery (epiphysiodesis: PWS 1/7 and AVM 
2/3; amputation: PWS 2/7 and AVM 0/3), alcohol or coil 
embolization or sclerotherapy (PWS 5/7 and AVM 3/3), and 
medical treatment (PWS 2/7 [thalidomide, n = 1; sirolimus, 
n = 1] and AVM 1/3 [thalidomide and trametinib, n = 1]).

Skin ulcerations and infectious complications were com-
mon in our case series (PWS 3/7; AVM 2/3). D-dimers are 
reportedly normal in simple fast-flow vascular malforma-
tions, yet often elevated in complex or syndromic AVM.14 
We found elevated D-dimers >500 mg/L in 3/7 patients with 
PWS and in 2/3 patients with nonsyndromic AVM; 1 patient 
from each group had thrombotic complications (case7, 
PIK3CA-PWS; case 9, AVM with mutations in KRAS and 
TP53). Abnormal echocardiographic findings were found in 
2 of 7 PWS patients (case 2, LV hypertrophy; case 4, sys-
tolic dysfunction with EF 56%). One patient with PWS was 
amputated twice and died of bleeding complications (case 3).

Parkes Weber syndrome versus Klippel-Trenauny 
syndrome: overlap and differences

Overall, 3 of the 7 patients with a definite PWS diagnosis 
had been referred to us as KTS patients. Overlapping fea-
tures of PWS and KTS often make diagnosis challenging. The 
key feature to clinically differentiate PWS from KTS is the 
presence of a fast-flow vascular malformation.15 The skin is 
warm, and a bruit or thrill might be present.16 On Doppler 
ultrasound, arterial waveforms and high flow may be 
observed in venous vessels, suggesting arteriovenous shunt-
ing. Additionally, the net shunt volume and the increased 
arterial flow volume can be calculated in comparison to the 
nonaffected extremity.17 The presence of AVM/AVF can be 
angiographically confirmed. In noninvasive imaging studies 
such as MRA, AV shunting is demonstrated by an early fill-
ing of draining veins.18 The AVM in PWS causes secondary 
venous hypertension, which can lead to aneurysmal degen-
eration of draining veins, axial reflux, edema, and chronic 
inflammatory changes.19 On the other hand, KTS is often 
associated with the presence of an LMV, a persistent avalvu-
lar embryonic vein that often runs underneath the cutaneous 
CM. Although it is often misdiagnosed as a varicose vein, 
the LMV is actually a congenital vascular malformation that 
represents the most common VM in KTS.20,21 Even though it 
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is not considered as part of PWS,15 an LMV was described in 
2 of our 7 PWS patients.

It is not uncommon for patients with overgrowth to be 
categorized as KTS regardless of the type of underlying vas-
cular malformation, much in a similar way that different 
vascular malformations are often misdiagnosed as “heman-
giomas.” Inversely, to the best of our knowledge, there is only 
1 case report published in the literature regarding a patient 
with PROS who was initially misdiagnosed as PWS. Su et 
al.22 reported on a patient with CM, limb overgrowth, and 
clinical signs typical of a fast-flow malformation who was 
therefore diagnosed with PWS. However, imaging studies 
ruled out the presence of AVM, and a PIK3CA mutation was 
detected so that a revised PROS diagnosis was determined.22

PWS has to be differentiated from KTS because their 
clinical course is different. PWS has a more aggressive clin-
ical course, and the follow-up and treatment plan should 
be appropriately adjusted. In PWS, the overgrowth of the 
affected extremity is progressive until epiphyseal closure, 
while in KTS, overgrowth tends to occur in the first decade 
of life, with implications on the timing of epiphysiodesis.18 
Chronic or recurrent ulcers due to venous stasis may com-
plicate either of the 2 conditions. In PWS, ulcers may also be 
caused due to an ischemic steal phenomenon caused by the 
AVMs, and patients with extended wounds are at high risk 
for infection and amputation.23,24 Furthermore, patients with 
PWS should be monitored for symptoms of heart failure. It 
is known from the literature that up to one-third of patients 
with PWS may develop high-output heart failure as a result 
of hemodynamically significant arteriovenous shunting. In 
some cases, the amputation of the affected limb proves to be 
an inevitable therapeutic strategy.4

In contrast to PWS, KTS can usually be managed conserva-
tively without major complications. Additionally, emerging 
evidence supports targeted treatment with inhibition of the 
PI3K/AKT/mTOR signaling pathway as a promising thera-
peutic strategy in patients with KTS/PROS.21,25 The mTOR 
inhibition with sirolimus may modestly reduce overgrowth 
in KTS,26 and PI3K inhibition with alpelisib may alleviate 
various symptoms in PROS.27

Genetic testing

Molecular pathology genetic testing of affected tissue pro-
vides clinicians with useful additional information. PWS was 
initially associated with RASA1 mutations in families with 
an autosomal dominant inheritance pattern and a phenotype 
with multifocal CM and CM-AVM type 1.5,28 On the contrary, 
germline RASA1 mutations are not found in KTS.29 Recently, 
a germline mutation in EPHB4 was found in families with 
similar manifestations (multifocal CM and CM-AVM type 2, 
with or without PWS) that tested negative for the RASA1 
mutation.30 Sporadic somatic mutations of RASA1 have also 
been identified in PWS.6,7,31 More recently, KRAS mutations 
were also reported in patients with PWS and LM.32

In our case series, genetic testing results were available for 
8 patients (5/7 PWS and 3/3 AVM) and a clinically relevant 
genetic mutation was identified in 6 patients (3/7 PWS and 
3/3 AVM) and concerned the RAS/MAPK/ERK pathway 
in 5 patients (2/7 PWS and 3/3 AVM). As reflected by the 
low variant allele frequency rates (Table 1), all of them were 
somatic mutations; besides, none of our patients had a posi-
tive family history of vascular malformations or overgrowth 
syndromes.

All 3 patients that were reclassified as nonsyndromic 
AVM had activating somatic mutations in the RAS/MAPK/
ERK pathway (case 8, KRAS mutation; case 9, KRAS muta-
tion with concomitant mutation in TP53; case 10, PNTP11 
mutation). Pathogenic variants of TP53 have not been linked 
to vascular malformations yet; further research is needed to 
unveil the full spectrum of mutations that cause vascular 
malformations.

Out of 5 genetically tested PWS patients, TSO500 NGS 
genetic testing was negative in 2 PWS patients (cases 2 and 
6). Only 1 PWS patient had the typical RASA1 mutation 
(case 4). Another PWS patient had mutations in both GNAQ 
and PTEN (case 5). GNAQ mutations have been found in 
patients with CM with or without overgrowth,31,33 but there 
are no previous reports of GNAQ mutations in PWS. Loss-
of-function PTEN mutations are believed to lead to activa-
tion of AKT in the PI3K/AKT/mTOR signaling pathway and 
have been associated with AVM and other vascular malfor-
mations.3 Therefore we cannot be sure whether one of the 
mutations or the combination thereof was responsible for 
the phenotype in case 5. Interestingly, a PIK3CA mutation 
was detected in a patient with PWS (case 7).

PIK3CA mutations cause various slow-flow vascular mal-
formations and are by definition pathognomonic of PROS, 
but have not yet been associated with syndromic AVM.8,34 
On the other hand, the evidence of an AVM is the key dif-
ferentiating aspect of PWS.4,15 In this series, we report on 1 
patient with an unusual combination of both findings (case 
7). The presence of AVM was verified by angiography, and 
the former clinical diagnosis of KTS was revised to PWS. 
When the patient was later genotyped, a PIK3CA mutation 
was detected by the TSO500 NGS panel.

This specific PIK3CA mutation has been reported in col-
orectal cancer (p.[Arg108_Ile112del], c.323_337del)35 and 
categorized as likely pathogenic (TIER 2) in the human 
genomic variant search engine VarSome. A nearby ami-
no-acid deletion had been previously reported to be an acti-
vating mutation;36 we thereby presume this to be an activating 
mutation, too. Taking into consideration: (1) the above, (2) 
the fact that fast-flow vascular malformations are not part 
of KTS, and (3) the broad spectrum of PIK3CA-related dis-
orders, we could conclude that this patient should be retro-
spectively classified as “unspecified PROS.” Yet, an accurate 
phenotypic description is more important than the classifi-
cation itself; since the features that determine the patient’s 
prognosis and treatment plan are not well represented under 
the umbrella term of PROS, we opted for a mere description 
of the patient’s phenotypic and genotypic findings instead, 
that is, “PIK3CA-PWS or phenotype of PWS with a PIK3CA 
mutation.” In the absence of other reports, whether this case 
represents a random exception or is part of a distinct sub-
group of PWS caused by PIK3CA mutations, remains unclear.

Limitations

This was a retrospective case series that was not designed 
to assess, and does not report on, treatment outcomes. As 
expected in such rare diseases, our sample size is small and 
did not allow for the identification of possible commonali-
ties linked to genotypes. The fact that 3 out of 10 included 
patients did not fulfill all diagnostic criteria of PWS is a fur-
ther limitation; we believe, however, that it is useful to present 
these 3 patients along with the patients with a definite PWS 
diagnosis, in an effort to underline the extent of the existing 
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clinical overlap. Genetic testing was not available for 2 of 
our PWS patients, who had a clinical course on either end of 
the spectrum; the first one had no need of treatment thanks 
to a very favorable clinical course so a biopsy was not indi-
cated. The second one had a very complicated clinical course 
and died long before genetic testing was implemented in our 
center. Last but not least, the possible presence of pathogenic 
variants in the 2 cases with negative results in the TSO500 
NGS panel cannot be excluded since whole genome or whole 
exome sequencing was not performed.

Conclusion

This study demonstrates the principal clinical manifestations 
of PWS as well as the diagnostic challenges even in special-
ized centers. The extent of clinical overlap between PWS and 
KTS is highlighted. We report a novel possible association 
of a nonhotspot PIK3CA mutation with PWS with microfis-
tular AVM; this is a finding that needs further research and 
verification of its clinical relevance.

Overgrowth syndromes with vascular malformations 
are rare, and their overlapping phenotype makes differ-
ential diagnosis difficult. Overlapping nomenclature (ie, 
Klippel-Trenauny-Weber syndrome)37,38 and inconsistent 
terminology add up to the difficulties imposed by their clin-
ical overlap. The differences in phenotypic features, clinical 
course, genetic background, and possible targeted treatment 
options, underline the importance of the correct diagnosis 
for appropriate patient management. We thereby agree that 
the use of any combined terms should be discouraged.21

Our study suggests that genetic characterization does not 
necessarily facilitate the classification between overlapping 
clinical entities. Moreover, classifying each patient under the 
syndrome label that most accurately describes both their 
phenotypic and genotypic findings may not always be pos-
sible. Phenotypic classification is likely to remain the cor-
nerstone of diagnosis, treatment indication, and outcome 
evaluation. To provide optimal patient care, an accurate 
phenotypic description in combination with genetic testing 
may be more meaningful than the syndrome classification 
itself; when establishing a personalized treatment plan, the 
indication for treatment should be based on the phenotype, 
and according to the genetic findings, the possibility to bene-
fit from precision medicine should also be assessed.

Increased disease burden and the need for multiple inter-
disciplinary interventions underpin the need to optimize med-
ical treatment; targeted treatment approaches are promising 
yet not well established. Even though NGS did not prove to 
be helpful as a diagnostic tool in our case series, the impor-
tance of genotyping still lies in uncovering the pathophysiol-
ogy of vascular malformations and in identifying molecular 
targets for precision medicine. PWS may be associated with 
a wide spectrum of underlying mutations, not necessarily 
exclusively in the RAS/MAPK/ERK pathway. As genetic test-
ing remains negative for a number of patients, the genetic 
variability within the PWS spectrum is to be determined.
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