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Abstract

Overgrowth syndromes represent a diverse group of disorders with overlapping features. 

Interdisciplinary management by a team of experts in vascular anomalies is crucial for 

establishing the correct diagnosis and optimizing outcomes for these patients. Unique management 

considerations include increased risk for thrombosis and in some cases, cancer. In recent years, 

research has demonstrated that these disorders are primarily caused by somatic mutations in 

growth pathways, particularly the PI3K-mTOR pathway. This improved understanding had led to 

promising new therapies for this group of patients.

Introduction

Overgrowth syndromes refer to clinically diverse entities defined by excessive proliferation 

of organs or tissues in association with vascular anomalies. Overgrowth can range from 

focal to diffuse involvement. Historically, the overgrowth syndromes have been defined 

by eponymous names (Klippel-Trenaunay Syndrome, Parkes Weber Syndrome). Within the 

last two decades, our understanding of the molecular mechanisms underlying overgrowth 

syndromes has progressed at a rapid pace (Table 1). While overgrowth disorders were 

previously classified on a phenotypic basis according to a pattern of clinical, radiologic, and 

histologic features, recent discoveries have elucidated that specific genetic changes underlie 

this group of vascular anomalies. Many of these genetic changes involve cancer pathways 

and thus confer important implications for treatment.

Improvements in the ease and affordability of next generation sequencing has led to 

significant advances in understanding the overgrowth syndromes. The phosphoinositide 

3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR) pathway 

is involved in several vascular anomalies and accounts for the clinical symptoms seen in 
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many of the overgrowth disorders. Given this understanding, the mTOR inhibitor sirolimus 

has been used to treat a variety of vascular anomalies, including the overgrowth syndromes.1 

Klippel-Trenaunay Syndrome (KTS), Congenital Lipomatous Overgrowth, Vascular 

Malformations, Epidermal Nevi, Scoliosis/Skeletal and Spinal Syndrome (CLOVES) and 

fibroadipose vascular anomaly (FAVA) are caused by somatic mutations in the PIK3CA gene 

and are now collectively referred to as PIK3CA-related overgrowth syndrome (PROS).2 4- 

PIK3CA mutations can be common in many solid tumors, and targeted therapies including 

PIK3CA inhibitors have been developed for use in cancer.5 These agents, which target 

specific somatic mutations, have also shown clinical promise in patients with vascular 

anomalies.6–8

While many of the overgrowth syndromes are due to changes in PIK3CA, the genetic 

landscape of vascular anomalies is not limited to mutations in this gene alone. Proteus 

syndrome results from somatic mutations in AKT1 9. PTEN tumor hamartoma syndrome 

(PTHS), an overgrowth disorder and a cancer predisposition syndrome, is caused by 

aberrations in the PTEN gene.10–14 Parkes Weber syndrome, characterized by a high-

flow lesion, results from mutations in the RASA1 or EPHB4 genes.15,16 Here, we 

describe clinical features of the most common overgrowth syndromes, summarize unique 

management considerations, and then discuss emerging therapies for treatment.

Klippel-Trenaunay syndrome (KTS)

Klippel-Trenaunay syndrome (KTS) is characterized by a capillary lymphatic venous 

malformation (CLVM) and primarily fatty overgrowth of soft tissue and bone (Fig. 1C). 

Involvement of the lower extremities is most common. The capillary malformation (or “port 

wine stain”) usually occurs on the thigh and upper part of the calf (Fig. 1A). Lymphatic 

vesicles can erupt at this location and cause bleeding and leakage of lymphatic fluid (Fig. 

1B). Hyperhidrosis of the capillary malformation is often present, suggesting abnormal 

innervation to the sweat glands in the affected area.17 Typically, KTS is associated with 

low-flow vascular lesions. As such, the affected limb does not show signs of hyperdynamic 

flow and the limb is not warm to touch (as opposed to Parkes Weber syndrome, described 

later in this article). KTS patients often have chronic debilitating pain and suffer from 

numerous orthopedic issues that limit movement and impair quality of life. These problems 

are often managed surgically or with interventional radiology procedures. KTS patients 

are at risk for thrombotic complications. The marginal venous system within KTS patients 

demonstrates stagnant flow and competes with a smaller deep venous system, which is 

often underdeveloped.18,19 There is an increased risk of superficial thrombophlebitis, deep 

venous thrombosis and pulmonary embolism due to these enlarged marginal veins.19,20 

As such, early detection and closure of these large ectatic veins, either by embolization, 

photocoagulation with endovenous laser, or surgical excision is often pursued.18

In the pelvis, there can be diffuse lymphatic and venous involvement of the anorectal 

area and surrounding adipose tissue. This can result in chronic rectal bleeding and pain. 

Hematuria can also result. Recurrent infections are also a feature of this disease, likely 

due to bacterial proliferation in abnormal lymphatic spaces.21 Some patients with massive 

and disabling overgrowth undergo surgical debulking to reduce the size of the affected 
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extremity. While this is not curative, it can improve the quality of life for some patients. 

For KTS patients with chronic rectal bleeding and recurrent need for transfusions, endorectal 

pull-through can be an option to minimize these symptoms.22 Patients with KTS require 

close orthopedic monitoring for limb length discrepancy, contractures, muscle atrophy and 

growth issues. In rare cases, amputation of a limb or overgrown appendage (i.e. a toe) can 

help with chronic pain and disability.

Patients with KTS require an interdisciplinary approach to care, including the expertise 

of general surgery, plastic surgery, interventional radiology, orthopedics, and hematology/

oncology providers. Compression is a mainstay of therapy and can help to decrease limb 

swelling and pain. Cutaneous lymphatic vesicles can be treated with sclerotherapy, carbon 

dioxide laser photovaporation, cauterization, or excision.23 Recently, medical therapies have 

been helpful in stabilizing disease. Sirolimus has been shown to help some patients and can 

decrease swelling, pain, and the frequency of infections. However, not all patients respond 

to this therapy.1 Given that somatic mutations in the PIK3CA gene drive abnormal growth 

in KTS, the use of oral PIK3CA or AKT inhibitors has been considered for these patients 

(Fig. 7). Prospective clinical trials for KTS are underway for AKT inhibitors and are in 

development for PIK3CA inhibitors.

Congenital lipomatous overgrowth, vascular malformations, epidermal 

nevi, scoliosis/skeletal and spinal syndrome (CLOVES)

CLOVES was first described in 2009 as a unique disorder characterized by lipomatous 

masses of the trunk, retroperitoneum and pelvis in association with acral deformities.2 

It is now considered to be part of the broader umbrella term of PROS given that it 

is caused by somatic gain-of-function mutations in the PIK3CA gene.3 There is great 

clinical heterogeneity within this disorder. Truncal lipomatous mass(es) evident at birth 

are a defining feature of CLOVES (Fig. 2A and C). Fast-flow lesions (AVMs) may be 

present within the fatty truncal masses, which contributes to the morbidity seen in this 

disorder.2,24,25 Other clinical features include characteristic triangular shape of extremities 

with broad- based toes, macrodactyly, and a “sandal-gap” deformity of the first and second 

toes (Fig. 2B). As with all of the overgrowth disorders, patients with CLOVES often suffer 

from severe pain and functional impairment. Originally described as CLOVE syndrome, an 

“S” was added to the definition to capture the occurrence of scoliosis, spinal and skeletal 

abnormalities that can be found among patients.26 Children with CLOVES are at increased 

risk of developing seizures and spinal/paraspinal arteriovenous malformations. In the most 

severe patients, neurologic and renal systems can also be affected. In CLOVES patients, 

the left kidney is usually larger than the right kidney. There is also an increased incidence 

of Wilms tumor in patients with CLOVES compared to the general population and thus 

screening with renal ultrasounds every 3 months for pediatric patients up until 8 years 

of age should be considered.26 This is similar to the recommendation for patients with 

Beckwith-Wiedemann syndrome or isolated hemihypertrophy.26 In a single-institution study 

of 122 patients with CLOVES, the incidence of Wilms tumor was 3.3% (4/122), a significant 

increase compared to the general population (1/10,000). 26 There was no increased risk of 

hepatoblastoma. As in Klippel-Trenaunay syndrome, patients with CLOVES are also at high 
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risk for thrombosis and pulmonary embolism, and prophylactic anticoagulation should be 

considered during periods of immobility or for patients undergoing surgery.20,27

Recently, researchers in France created a postnatal mouse model of PROS/CLOVES that 

partially recapitulated the disease seen in humans.6 They treated these mice with the 

PIK3CA inhibitor BYL719 (alpelisib). The treated mice had improved survival compared to 

those who received placebo. Alpelisib was found in their mouse model to be more effective 

in reducing tumor burden than sirolimus. Based on these results, alpelisib was used to 

treat a series of 19 patients with PROS, many with life-threatening symptoms. Alpelisib 

led to symptomatic and radiologic improvement in all patients and had limited reported 

side effects. While this study showed particular promise, the medication was provided in 

a compassionate use setting and was not a prospective clinical trial. In the United States, 

prospective trials evaluating use of alpelisib are emerging. This work will be important to 

confirm the promising results seen in the compassionate use study, to establish more robust 

safety data, and to evaluate the durability of response in this patient population.

AKT inhibitors are another promising therapy for use in patients with overgrowth syndromes 

given the role of AKT in cellular processes such as growth, metabolism, and cell 

proliferation (Fig. 7).28,29 A Phase I/II study of the AKT inhibitor ARQ-092 is actively 

recruiting patients (clinicaltrials.gov NCT03094832).

Fibro-adipose vascular anomaly (FAVA)

Fibro-adipose vascular anomaly (FAVA) is a recently recognized disorder defined by 

fibrofatty replacement of affected muscle (usually the calf) and slow-flow vascular 

malformations30 (Fig. 3A). Pain is a defining feature, as are joint contractures. FAVA can 

be often be distinguished from other entities based on the presence of a dominant solid 

component with phlebectasia. On ultrasound, echogenic (solid) components are present. On 

MRI, there is moderately hyper-intense T2 signal enhancement (Fig. 3B) and enhancement 

on post-contrast T1-weighted images (Fig. 3C). On histopathology, dense fibrous tissue, fat, 

and lymphoplasmacytic aggregates exist within atrophied skeletal muscle. Early involvement 

of an orthopedic surgeon is critical for patients with this disorder. Unlike many of the other 

vascular malformations, FAVA usually does not respond to sclerotherapy. Surgery or medical 

therapy is often favored as a result.31 Cryoablation can also be effective particularly in 

reducing pain and improving quality of life for these patients and offers a minimally invasive 

option.32 In some cases, FAVA has also been shown to be due to PIK3CA mutations.

Diffuse capillary malformation with overgrowth (DCMO)

Diffuse capillary malformation with overgrowth (DCMO) is a clinical entity describing 

patients with multiple extensive capillary malformations associated with facial asymmetry, 

limb overgrowth, and foot abnormalities33 (Fig. 4A and B). Patients usually have overgrowth 

of soft tissue or bone that is out of proportion to the extent of the capillary malformation; 

this is distinct from the overgrowth seen in Klippel-Trenaunay and CLOVES, in that it 

does not appear to be lipomatous. Patients with DCMO do not seem to be at increased risk 

for developing Wilms tumor.34 Recently, somatic mutations in both GNA11 and PIK3CA 
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have been identified in patients with DCMO, suggesting that this clinical diagnosis may be 

heterogeneous. In other words, patients with GNA11 mutations may lack the features of 

overgrowth seen in other PROS disorders and may be more likely to have isolated capillary 

malformations involving an extremity without other features (i.e. hand/foot abnormalities, 

rapid overgrowth of adipose tissue).35,36

Parkes Weber syndrome

Parkes Weber Syndrome, or capillary arteriovenous malformation (CAVM), is defined by 

a capillary malformation and a fast-flow vascular lesion that is present at birth (Fig. 5A 

and B)15,37,38. It is less common than KTS. It affects the lower limb most commonly, 

although involvement of an arm is more common in Parkes Weber than in KTS. The 

limb is symmetrically enlarged and often leads to a limb length discrepancy. MRI reveals 

overgrowth in soft tissue and bone, as well as arterial shunting, often diffuse and without 

a discrete nidus.39 Due to the presence of AV shunting, the extremity is often warm to 

the touch and a bruit or thrill can often be appreciated. Cardiac overload may be present 

at birth or develop later in life; patients should be followed regularly for this potential 

complication.40–43 Some cases of Parkes Weber are caused by germline inactivating 

mutations in the RASA1 gene as part of capillary malformation-arteriovenous malformation 

(CM-AVM1) syndrome,38,39,44,45 or mutations in the EPHB4 gene as part of CM-AVM2 

syndrome.46,47 In these instances, there is autosomal dominant inheritance. There is high 

penetrance and wide phenotypic variability, even among members of the same family.46 

However, in 25% of patients with clinical symptoms consistent with CM-AVM1 or CM-

AVM2, no germline mutation is found.46 Recent studies suggests that the patients with 

negative germline testing may have mosaic mutations in RASA1.46

Proteus syndrome

Proteus Syndrome is characterized by asymmetric overgrowth, cerebriform connective tissue 

nevi, epidermal nevi, and overgrowth of adipose and vascular tissue.9,48,49 Named after 

the Greek sea god who could transform its shape to evade its captors, Proteus syndrome 

can be difficult to distinguish from other vascular anomalies. Cerebriform connective tissue 

nevi are pathognomonic. Hypertrophy is not necessarily congenital in Proteus syndrome. 

Within the same patients, adipose tissue can be both decreased (lipohypoplasia) or increased 

(lipohyperplasia) at differing sites. Patients with Proteus syndrome are at increased risk 

for the development of thrombotic events, and pulmonary embolism is a leading cause of 

death in these patients. In addition to the stasis associated with vascular malformations and 

disordered endothelium, Proteus syndrome seems to confer additional thrombotic risk due to 

the mutations in AK T1. The AK T inhibitor ARQ-092 is currently being evaluated for the 

treatment of Proteus syndrome in prospective clinical trials50 (clinicaltrials.gov Identifiers 

NCT03094832 and NCT04316546).

PTEN hamartoma tumor syndrome (PHTS)

The historical eponymic names Bannayan-Riley-Ruvalcaba syndrome and Cowden 

syndrome have been replaced by the broader term of PTEN Hamartoma Tumor Syndrome 

(PHTS), given that these disorders are caused by germline mutations in the PTEN 
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gene.14 Unlike the PROS disorders, which represent disorders of somatic mosaicism, 

PHTS is caused by germline changes inherited in an autosomal dominant manner.10–12 

Clinically, the PHTS is characterized by macrocephaly (Fig. 6A1AA, B) A,)BA, B) 

pigmented penile macules (Fig. 6C), gastrointestinal polyps, thyroid disease, and several 

benign and malignant neoplasms (Fig. 6A). Macrocephaly is a defining feature and 

patients’ head circumferences are often at least 4.5 standard deviations above the mean.14 

Neurodevelopmental complications are common, and patients may experience delays in 

speech or motor development. Coordinated care with a neurologist or neurodevelopmental 

team is essential given the co-occurrence of autism as well as arteriovenous malformations 

(AVMs). Skeletal abnormalities may include hyper-extensible joints, pectus excavatum, 

and scoliosis. Hamartomatous growths can be surgically resected if they are painful or 

bothersome.

Patients with PHTS develop benign and malignant tumors of the breast, thyroid, skin, 

uterus, and GI tract. In childhood, annual thyroid ultrasounds and close neurodevelopmental 

follow-up are recommended. Adults with PHTS should be closely followed by an oncology 

or cancer predisposition team. Clinical breast exams are recommended starting at age 25 

years (or 5–10 years before the earliest known breast cancer in the family), breast imaging 

at 30 years (or earlier if family history revealed breast cancer at earlier age), endometrial 

biopsy starting at age 30 years, kidney imaging at 30 years, colonoscopy at age 35 years 

(earlier if symptoms arise or if family members have been diagnosed with colon cancer at 

a younger age).14 Annual dermatologic exams are important for all patients with PTHS to 

screen for skin cancer.

Conclusion

Increased use of next generation sequencing and expansion of molecular methods 

has refined our understanding of many of the overgrowth syndromes. Diverse clinical 

phenotypes can be caused by changes within a single gene. Improved understanding of 

the mechanisms involved in the development of overgrowth disorders has led to a genotypic 

classification of disease and opened new possibilities for targeted therapeutic approaches.
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Fig. 1. 
Klippel-Trenaunay syndrome

A. Geographic capillary stain, scattered lymphatic vesicles, enlarged lateral marginal vein, 

bulky overgrowth of extremity.

B. Bleeding and leakage from blebs on affected extremity.

C. Axial T1 MRI without fat saturation of upper thighs and lower gluteal area. Note that the 

bulk is composed of excessive extra-fascial fatty overgrowth (hyperintense) with lymphatic 

malformations (hypointense dark streaks).
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Fig. 2. 
CLOVES

A. Lipomatous overgrowth of the trunk, noted at birth.

B. Classic foot findings of CLOVES, including sandal gap deformity (bilateral here) and 

triangular shape.

C. Bulky overgrowth is composed of both fatty infiltration and macrocystic lymphatic 

malformation (arrows denote large, multi-septated areas in the axilla).
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Fig. 3. 
Fibro-adipose vascular anomaly (FAVA)

A. Overgrowth is visible in the affected calf.

B. Axial (a) T1-weighted MRI image demonstrated the muscle replaced by focal 

heterogeneous FAVA lesion.

c. Axial (b) fat saturated T2-weighted MRI image demonstrates heterogeneous hyperintense 

lesion.
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Fig. 4. 
Diffuse capillary malformation with overgrowth (DCMO)

A. Note the diffuse capillary malformation with circumferential overgrowth. This patient 

also has a leg length discrepancy.

B. Dilated veins are also noted.
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Fig. 5. 
Parkes Weber syndrome.

A Enlarged lower limb and capillary malformation with upward extension. Compression can 

help with lymphatic swelling.

B. Diffuse stain with overgrowth.
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Fig. 6. 
PTEN hamartoma tumor syndrome (PHTS)

A. Patient with soft tissue “hamartomas” of left lower extremity.

B. Overgrowth in this disorder can be profound and severely impact quality-of-life.

C. Penile freckling pathognomonic of patients with PHTS.
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Fig. 7. 
Growth pathways and targeted medical therapies involved in vascular anomalies.
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