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Abstract: CLOVES syndrome is a novel sporadic mosaic segmental overgrowth syndrome, currently categorized under the canopy of
PROS (PIK3CA-related overgrowth spectrum) disorders. All PROS disorders harbor heterozygous postzygotic activating somatic
mutations involving the PIK3CA gene. As an upstream regulator of the PI3SK/AKT/mTOR signal transduction pathway, activating
mutations of PIK3CA gene commence in uncontrolled growth of cutaneous, vascular (capillaries, veins, and lymphatics), adipose,
neural, and musculoskeletal tissues. The excessive growth is segmental, patchy, asymmetric, and confined to body parts affected by the
mutation. The term ‘CLOVES’ is an acronym denoting congenital lipomatous overgrowth, vascular malformations, epidermal nevi and
spinal (scoliosis) and/ or skeletal anomalies. The syndrome is characterized by an admixture of overgrown tissues, derived mainly
from mesoderm and neuroectoderm. Among PROS disorders, CLOVES syndrome represents the extreme end of the spectrum with
massive affection of almost the entire body. The syndrome might judiciously be treated with medications hampering with the PI3K/
AKT/mTOR signal transduction pathway. This article aims at reviewing the cutaneous and musculoskeletal manifestations of CLOVES
syndrome, as the paradigm for PROS disorders. CLOVES syndrome and other PROS disorders are still misdiagnosed, underdiagnosed,
underreported, and undertreated by the dermatology community.

Keywords: CLOVES syndrome, PIK3CA-related overgrowth spectrum, cutaneous manifestations, port wine stains, lymphangiomas,
lipomas, epidermal nevi

Definition and History

CLOVES syndrome (OMIM number 612918) is a recently described rare, sporadic (non-hereditary) complex mosaic
overgrowth syndrome.' > It was initially described in 2007 by Sapp et al as a novel overgrowth syndrome and entitled as
“CLOVE” syndrome.* Although “CLOVE” syndrome had overlapping features with other overgrowth syndromes such
as Proteus syndrome, the affected patients could not fulfill the established diagnostic criteria for the other disorders.>
Upon recognition of skeletal and spinal abnormalities (scoliosis) as part of this new syndrome, the nomenclature has later
been revised by Alomari as ‘CLOVES’ syndrome.” The term “CLOVES” is an acronym denoting congenital lipomatous

overgrowth, vascular malformations, epidermal nevi and spinal (scoliosis) and/ or skeletal anomalies." >3

Epidemiology

Because of its heterogeneous nature and rarity, the number of published cases of CLOVES syndrome is under 200
hitherto.'"'* The estimated incidence is less than 1:1,000,000."'":'*!> There is no gender predilection, and the syndrome
has been reported in all races and ethnic groups.'"'> The disorder is congenital and has a prenatal onset; thus, it presents
either at birth or in early childhood.*>"'""'>"'7 Segmental overgrowth is noticeable in most afflicted patients by one year

18
of age.
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Classification and Genetics

CLOVES syndrome is currently categorized as a disorder within the canopy of PIK3CA-Related Overgrowth Spectrum
(PROS) (Box 1) 338111519730 The syndrome harbors postzygotic activating somatic mutations in PIK3CA (phosphati-
dylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha) gene mapped to chromosome 3q26.32, which encodes
a 110-kD catalytic o subunit of PI3K (phosphoinositide 3-kinase).'"®!!:1323-24-3132 pr3gis 4 lipid kinase that converts
phosphatidylinositol (4,5)-bisphosphate to phosphatidylinositol (3,4,5)- triphosphate and regulates cell proliferation,
growth, and survival.'> A complex signaling pathway paves the way for activation of AKTI (protein kinase B), and
subsequently drives enhanced cell proliferation through mTORI (mammalian target of rapamycin).*'® Activating
mutations of PIK3CA commence in uncontrolled growth of predominantly mesoderm-derived (eg, adipose tissue,
vascular and lymphatic tissues, muscle, bone) and neuroectoderm-derived tissues (eg, skin, brain cephalic connective
tissue).'>0-%18:2327.3235 The ogvergrowth is segmental, patchy, asymmetric, and confined to body parts affected by the

mutation, 1432

Clinical Findings

CLOVES syndrome displays a potpourri of malformations originating from cutaneous, vascular, lymphatic, fatty and

bony tissues.>** Phenotypic expressivity and malformation severity might vary.'">® As compared with other PROS

disorders, CLOVES syndrome presents with a pleiotropic, divergent and a more severe constellation of findings.’
Cutaneous manifestations of CLOVES syndrome are summarized in Table 1.

Congenital Lipomatous Overgrowth

Congenital overgrowth of adipose tissue in all body regions and tissue spaces is typical in CLOVES syndrome.'**’

Asymmetric truncal/ thoracic hypertrophy is present at birth.'**? The tumefactions, visible on the thoracic and abdominal

Box | PROS (PIK3CA-Related Overgrowth Spectrum) Disorders

Type | Isolated Macrodactyly

Upper limb muscle overgrowth with hypoplasia of the index finger

Congenital isolated unilateral overgrowth of the upper extremity with muscular hyperplasia

Fibroadipose overgrowth/ hyperplasia (FAO/ FAH)

Fibroadipose vascular anomaly (FAVA)

Megalencephaly-capillary malformation-polymicrogyria (MCAP) syndrome

Megalencephaly-polymicrogyria -polydactyly-hydrocephalus (MPPH) syndrome

CLOVES (congenital lipomatous asymmetric overgrowth of the trunk, lymphatic, capillary, venous, and combined-type vascular malformations,

epidermal nevi, spinal/skeletal anomalies and/or scoliosis) syndrome

Klippel-Trenaunay syndrome (KTS)

CLAPO (lower lip Capillary malformation, face and neck Lymphatic malformation, Asymmetry and Partial/generalized Overgrowth) syndrome

Congenital diffuse infiltrative lipomatosis (CDIL)

Fibroadipose-infiltrating lipomatosis/ Facial infiltrative lipomatosis (FIL)

Dysplastic megalencephaly (DMEG)

Hemihyperplasia multiple lipomatosis (HHML)

Hypoinsulinemic hypoglycemia with hemihypertrophy

Diffuse Capillary Malformation with Overgrowth (DCMO)
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Table |1 Cutaneous and Musculoskeletal Manifestations of CLOVES Syndrome

Lipomatous overgrowth * Asymmetric hemihypertrophy of the trunk
* Unilateral or bilateral lipomatous masses mainly on the thoracic and abdominal wall

* Generally covered by capillary, venous, lymphatic, or arteriovenous malformations

Vascular malformations * Located over areas of lipomatous or skeletal overgrowth on the trunk or extremities

* Solitary or multiple, localized or diffuse, superficial or deep, low-flow or high-flow lesions

* Capillary (port wine stains), venous (superficial phlebectasia), lymphatic (lymphangiomas/ lymphangiectasias/
hemolymphangiomas), and AV malformations with or without AV fistulae

* Abnormal marginal veins of the trunk and extremities (central, thoracic, cervical and extremity phlebectasia)

Epidermal nevi * Not a universal feature. If present, congenital, or develop early in childhood

* Located on the neck, abdomen, flank, or limbs

Other cutaneous * Seborrheic keratosis, benign lichenoid keratosis, acrochordons, dermal melanocytic nevi, pigmented nevi,
manifestations cafe’-au-lait macules, blaschkoid hypopigmentation, regional lipoatrophy and patchy hyperpigmentation,

hypertrichosis of the overgrown limb, hypotrichosis, cutis marmorata, linear papillomatous growths of oral

mucosa
Musculoskeletal and spinal * Varying degrees of scoliosis and asymmetric enlargement of skeletal structures, especially on the distal lower
manifestations extremities

* Muscle hypertrophy, spina bifida, pectus excavatum, hyperextensible joints, leg length discrepancy, pelvic
obliquity, hip dysplasia, genu recurvatum, chondromalacia patellae, dislocated knees, patellar subluxation,
macrodactyly (especially the middle digits), polydactyly, cutaneous syndactyly (together or separately),
clinodactyly, large bulbous toes, talipes equinovarus, furrowed sole, flexion contracture of bilateral 2nd toe,
splayed feet and toes (wide gaps between metatarsal heads), sandal gap (widened first toe web), wide
triangular feet with broad forefoot, laxity of collateral ligaments of metacarpophalangeal and interphalangeal

joints, furrowed palm, broad spade like hands with ulnar deviation of digits (windswept hands)

wall as unilateral or bilateral masses, consist mainly of lipomatous and partly of lymphatic and vascular components.’
The truncal masses are detected commonly in the posterolateral chest wall and flank, but they may show variable
contiguous extension to the anterior abdominal wall, groin, scrotum, retroperitoneum, mediastinum, pleura, paraspinal
musculature, epidural spaces, gluteal area, and face.” ’!%13:20-32363% gome reports suggest that truncal overgrowth is
predominantly left-sided and that unaffected areas display a pronounced paucity of adipose tissue (lipoatrophy)
(Figure 1).*° The truncal lipomatous masses are generally covered by capillary, venous, lymphatic, or arteriovenous
malformations and may elicit pain sensation.”*” The lipomatous overgrowths are often infiltrative, recalcitrant and tend
to recur following resection.”*” Their infiltration into the paraspinal and intraspinal spaces may cause compression of the

cord or nerve roots (Figure 2).737

Vascular Malformations
The frequency of vascular malformations in PROS disorders varies between 42 to 60%.'> Vascular malformations tend to
overlie the lipomatous masses on the trunk, but they may extend to areas of skeletal overgrowth on the extremities as
well.'>710:1521 There is complex and combined deposition of vascular tissue in CLOVES syndrome with a blended
mixture of capillary (low-flow and geographic), venous (superficial phlebectasia), lymphatic (macrocystic, microcystic or
mixed), and arteriovenous malformations with or without arteriovenous fistulae (high-flow),':’--12:14:21:27.36.38.39.41.42 Ty
lesions might be solitary or multiple, localized or diffuse, superficial, or deeply located.*' Capillary and lymphatic
malformations are the most common type of vascular malformations.'>*'

From a dermatological point of view, capillary malformations in the form of port wine stains may be observed on
the trunk, extremities, palms, soles, or fingertips as geographic stains.””** Pink to reddish flat port wine stains
gradually acquire a purplish papulonodular appearance (cobble stoning) by adulthood. Although superficial microcystic

lymphatic malformations (lymphangiomas/ lymphangiectasias) usually present as translucent blebs and blisters filled
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Figure | Predominantly left-sided lipomatous tumefactions and scoliosis in a patient with CLOVES syndrome. Note incision scars from previous operations and paucity of
adipose tissue in unaffected body areas.

Figure 2 Sacral midline lipomatous mass associated with a sacrococcygeal dimple, complicated with fibrosis and anterior angulation of coccyx. There was no evidence of an
occult spinal dysraphism or cord tethering in radio imaging studies.

with a clear fluid on the skin (Figures 3 and 4), weeping may occur and connection of these lesions to the venous system
may lead to intra-lesional bleeding, which may impart the lesions a reddish to purplish hue (hemolymphangiomas)
(Figure 5).363%41

Abnormal marginal veins (vein of Servelle/ lateral embryonal vein/ persistent embryonic vein) may be encountered
both in Klippel-Trenaunay (KTS) and CLOVES syndromes and represent subdermal overgrowth of venous tissue, rather
than signifying noninvoluting embryonic remnants.** Therefore, the term “anomalous marginal vein” has been suggested
as a more appropriate nomenclature.** These phlebectasias may be detected in central, thoracic, cervical and extremity
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Figure 4 (A) Biopsy of a lymphangioma/ lymphangiectasia: Dilated lymphatic channels within the upper dermis (H&E X 20). (B) Endothelial cells displaying immunoreactivity
with D2-40 (podoplanin) monoclonal antibody (IHC X 100).

Figure 5 (A) Hemolymphangioma/hemolymphangiectasia caused by intra-lesional bleeding into a lymphangioma/lymphangiectasia. (B) Dermatoscopy revealing vascular
lacunes.

locations. > 794445 Anomalous marginal veins possess a high risk of venous hypertension-related morbidity, deep vein
thrombosis and potentially fatal pulmonary embolism.>*¢%474¢ The risk of major thromboembolic events tends to

correlate with the extent and severity of the vascular malformations and usually develop in the perioperative setting.>*°

Epidermal Nevi
The frequency of epidermal nevi in PROS disorders ranges from 11.4 to 46.6%."> Epidermal nevus (particularly linear
keratinocytic nevus) is a common, albeit not a universal feature, in CLOVES syndrome.***’ Some port wine stains
accompanying CLOVES syndrome have been erroneously reported as epidermal nevi in the pediatrics literature.*’ In
contrast to Proteus syndrome, connective tissue nevus (elastoma, collagenoma) is not a component of CLOVES
syndrome.*’

True epidermal nevi are either congenital or develop early in childhood as brown-gray velvety pigmented thickenings
on the neck, abdomen, flank, or limbs.®>® They may be limited to the areas of bony or lipomatous overgrowth or extend
beyond the affected area, conforming to the lines of Blaschko.'> They show a progressive growth during childhood,

acquire a papillomatous appearance by puberty and stabilize thereafter.*’
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Scoliosis and/or Skeletal Abnormalities

Skeletal malformations may be severely deforming and consist of varying degrees of scoliosis and asymmetric enlarge-
ment of skeletal structures on the extremities.*”'**7 Scoliosis may be congenital, or it may develop during childhood,
sometimes because of lower limb asymmetry (Figure 1).*° Bony overgrowth most commonly affects the lower
extremities; distal segment is involved more frequently than the proximal segment.”?’ As the disease progresses by
time, proximal segment may also be involved.'>* In contrast to Proteus syndrome, bone hypertrophy is not rapidly
progressive or distorting in CLOVES syndrome.'

The list of reported skeletal and spinal abnormalities is shown in Table 1. Scoliosis is prominent and clinically
apparent. Wide triangular feet with broad forefoot, splayed feet and toes (wide gaps between metatarsal heads), and
sandal gap (widened first toe web) are striking orthopedic manifestations implying foot overgrowth
(Figure 6).!:3>7:9:10.12.15718.21.32.36.38-4046 prom 3 dermatological perspective, the soles and palms may have
a furrowed and creased appearance and there may be overgrowth of palmar and plantar skin (Figure 7); however,
there is no lobular hyperplasia and firm consistency as seen in cerebriform connective tissue nevus of Proteus

syndrome.1’3’7’15’37

Others

Other cutaneous abnormalities reported in patients with CLOVES syndrome are presented in Table 1. A long list of systemic
abnormalities, predominantly involving the neurological, vascular, visceral, ocular, and dental systems, have also been
published. It is of note that Wilms tumor is the single malignancy meaningfully associated with CLOVES syndrome.*®

Prognosis

CLOVES syndrome has a serious morbidity and a high mortality rate.*>*’ The most dreaded clinical sequalae arise
from vascular crises and compressive phenomena.’® Depending on the phenotypic expressivity, anatomic site, extent, and
severity of the disorder, affected patients may suffer from functional impairment (eg, of walking, swallowing, feeding,
breathing), disfigurement, chronic pain, recurrent superficial infections, coagulopathy (thrombotic and hemorrhagic),
epilepsy, developmental delay, and organ dysfunction.'!""'®27:353¢ The lipomatous, vascular and skeletal deformities
tend to grow slowly throughout life and attempts at their removal by liposuction or surgical debulking are generally

Figure 6 Wide triangular left foot, with prominent sandal gap deformity.
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Figure 7 Furrowed and creased left sole.

constrained by futile or temporary outcomes; since both lipomatous masses and skeletal structures tend to relapse and
become more aggressive, infiltrative, or distortive following such interventions.>'*'> In addition, debulking surgeries for
lipomatous masses can be technically challenging, potentially life-threatening and associated with high morbidity.'"'*
Skeletal and soft tissue deformities, along with excessive scarring left by surgeries, ruin social life and decrease life

quality.'!

Diagnosis
The diagnosis of CLOVES syndrome relies on clinical examination, radiologic imaging studies and genetic
analysis.'”> Due to the rarity, complexity, and substantial overlap among PROS disorders, a definitive diagnosis
CLOVES syndrome may only be established through identification of the specific PIK3CA mutation in the affected
tissues, 13+11:15:19.22-24.26,31,34,39.46,52,53

Recently established diagnostic criteria for PROS disorders include the presence of somatic PIK3CA mutations,
congenital or early disease onset, overgrowth of tissue that appears sporadic and mosaic (patchy, irregular), and features
of > 2 of the following: overgrowth of adipose, muscle, nerve, or skeletal tissue; vascular malformations (capillary,
venous, arteriovenous malformation, lymphatic); and epidermal nevi.>'*>° If a PIK3CA mutation could not be identified,
then the diagnosis is considered as presumptive.® Thus, failure to detect a hotspot PIK3CA mutation cannot exclude
a diagnosis of a PROS disorder in an afflicted individual with telltale clinical stigmata.*®>°

Radiologic imaging studies are crucial for uncovering the extent of deformities and assessing long-term prognosis;
cranial, spinal, and skeletal X-rays (conventional radiography), USG of the abdomen (for Wilms tumor), Doppler USG,
CT, MRI (for soft-tissue and bony hyperplasia or hypertrophy) and MR angiography (for vascular malformations) are

usually performed on a case-by-case basis,''%17-2152

Differential Diagnosis

The most important differential diagnostic considerations embrace Proteus syndrome, KTS and other PROS disorders
(Box 1).!"7:1214.20:21.25.27.4046 e presentations in CLOVES syndrome and Proteus syndrome are strikingly similar and,
in the past, many patients with CLOVES syndrome have been inaccurately diagnosed as Proteus syndrome.”*' CLOVES

syndrome and Proteus syndrome genetically harbor different mutation types (PIK3CA vs AKTI) and they may be
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clinically distinguished by the absence of cerebriform connective tissue nevi and visceral involvement in the former, and
a postnatal onset of a severely distorting overgrowth and absence of truncal fatty-vascular overgrowth, paraspinal fast-
flow lesions and acral abnormalities in the latter.”'%2!31-3839:323% Qyergrowth in CLOVES syndrome is detailed as
“ballooning” (gradual increase in the volume of the soft tissue mass), congenital, slowly progressive, mild, symmetric,
and proportionate, while that in Proteus syndrome is acknowledged as distorted, postnatal, rapidly progressive, severe,
asymmetric, and disproportionate (out of proportion to normal body growth).':'%-14:18:31:40.42:3% ¢ QVES syndrome and
KTS may be distinguished by the absence of truncal involvement and preferential affection of the lower extremities in the
latter.'*'>2!4¢ High-flow AVM and spinal/ paraspinal AVM are features of CLOVES syndrome and Parkes-Weber
syndrome, but not that of KTS.>

Treatment

There is no specific cure for CLOVES syndrome.* Until recently, patients with CLOVES syndrome were managed
palliatively by multidisciplinary, staged debulking surgeries for lipomatous and skeletal overgrowths (surgical excision,
extremity or finger/ toe amputation, surgical correction of scoliosis), and vascular interventional techniques (sclerotherapy
for macrocystic lymphatic malformations, laser therapy for capillary malformations, coil embolization procedures for large

venous malformations, superior vena cava filters for central and thoracic phlebectasias).?!*!415:18:20.21.35.36.3840.50 patientg

with low-flow malformations were prescribed anticoagulant medications for the prevention of thromboembolic disease.*?'~*

Identification of causative PIK3CA mutations empowered the use of older medications impeding the genetic
pathway and the development of novel medications directly targeting the abnormal PIK3CA gene itself.?*>**°
Theoretically, such medications could halt the progressive overgrowth of tissues in PROS disorders.® Sirolimus
(rapamycin) and its congeners (everolimus, ridaforolimus, temsirolimus) are mTOR inhibitors, originally used as
immunosuppressant and anti-tumor medications.>'®?!"%% Oral sirolimus has been shown to exert anti-angiogenic,
anti-lymphangiogenic and anti-proliferative effects in 85% of adults and children with PROS disorders.''-!:27:35-30-36
It is effective in low-flow vascular malformations (microcystic lymphatic malformations, and venous malformations)
and it can reduce the volume of lipomatous overgrowths as well.!!2127323357 Cyrrently, several PI3K pathway
inhibitors, that have originally been developed for the treatment of cancers, are undergoing trials in PROS
disorders.?>>® Among these are alpelisib (BYL719, Novartis), taselisib (GDC032, Roche), pictilisib (GDC-0941),
copanlisib (BAY 80-6946) and dactolisib (dual PI3K /mTOR inhibitor).>>">° Based on limited evidence, a reduction
in the size and volume of lipomatous, vascular and skeletal overgrowths might be attained with low doses of PI3K
pathway inhibitors in PROS disorders.''7#92%-38-3% A pan AKT inhibitor miransertib (MK-7075, formerly ARQ092)
is an emerging therapeutic option in the horizon.”®®' As the outcome of these treatments is suppressive, temporary,
and partial (rather than curative, persistent, and complete), prolonged, and even life-long administration will be
required in affected patients.'®?”->° Thus, despite encouraging clinical efficacy, long-term safety issues of these
medications will pose a therapeutic dilemma for the clinician®’="+*¢-36->7-62 Nevertheless, the future holds promise for
therapeutic optimism in CLOVES syndrome, KTS and other PROS disorders.
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