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Summary

Clinical characteristics
PIK3CA-related overgrowth spectrum (PROS) encompasses a range of clinical findings in which the core 
features are congenital or early-childhood onset of segmental/focal overgrowth with or without cellular 
dysplasia. Prior to the identification of PIK3CA as the causative gene, PROS was separated into distinct clinical 
syndromes based on the tissues and/or organs involved (e.g., MCAP [megalencephaly-capillary malformation] 
syndrome and CLOVES [congenital lipomatous asymmetric overgrowth of the trunk, lymphatic, capillary, 
venous, and combined-type vascular malformations, epidermal nevi, skeletal and spinal anomalies] syndrome). 
The predominant areas of overgrowth include the brain, limbs (including fingers and toes), trunk (including 
abdomen and chest), and face, all usually in an asymmetric distribution. Generalized brain overgrowth may be 
accompanied by secondary overgrowth of specific brain structures resulting in ventriculomegaly, a markedly 
thick corpus callosum, and cerebellar tonsillar ectopia with crowding of the posterior fossa. Vascular 
malformations may include capillary, venous, and less frequently, arterial or mixed (capillary-lymphatic-venous 
or arteriovenous) malformations. Lymphatic malformations may be in various locations (internal and/or 
external) and can cause various clinical issues, including swelling, pain, and occasionally localized bleeding 
secondary to trauma. Lipomatous overgrowth may occur ipsilateral or contralateral to a vascular malformation, 
if present. The degree of intellectual disability appears to be mostly related to the presence and severity of 
seizures, cortical dysplasia (e.g., polymicrogyria), and hydrocephalus. Many children have feeding difficulties 
that are often multifactorial in nature. Endocrine issues affect a small number of individuals and most 
commonly include hypoglycemia (largely hypoinsulinemic hypoketotic hypoglycemia), hypothyroidism, and 
growth hormone deficiency.
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Diagnosis/testing
The diagnosis of PROS is established in a proband with suggestive findings and a heterozygous mosaic (or rarely, 
constitutional) activating pathogenic variant in PIK3CA. Sequence analysis of DNA derived from clinically 
affected tissue samples ‒ preferably from freshly obtained dermal biopsy overlying an affected area, from surgical 
excision of the overgrown tissue, or from uncultured tissues (such as skin fibroblasts or other tissues) ‒ should be 
prioritized for genetic testing. Targeted capture of the entire PIK3CA coding region followed by next-generation 
sequencing at very deep coverage is recommended for somatic variant detection, as it allows for detection of 
very low levels of mosaicism throughout the gene.

Management
Treatment – targeted therapy: Alpelisib (VIJOICE®) 50 mg orally with food once a day (at about the same time 
every day) for those between age two years and <18 years with PROS. In those age six years or older, the dose 
may be increased to 125 mg once a day after 24 weeks. A starting dose of 250 mg orally with food once a day (at 
about the same time every day) has been approved for those age ≥18 years. Alpelisib has been approved 
specifically for the reduction of overgrowth, vascular lesions, and other functional complications. To date, it is 
unknown whether this drug has any efficacy in treating the neurologic manifestations of PROS (as, e.g., in 
MCAP syndrome).

Treatment – supportive care: Significant or lipomatous segmental overgrowth may require debulking; scoliosis 
and leg-length discrepancy may require orthopedic care and surgical intervention. Neurologic complications 
(e.g., obstructive hydrocephalus, increased intracranial pressure, progressive and/or symptomatic cerebellar 
tonsillar ectopia or Chiari malformation, and epilepsy in those with brain overgrowth/malformations) may 
warrant neurosurgical intervention. Depending on the type of vascular malformations, sclerotherapy, laser 
therapy, or oral medications such as sirolimus may be used. Similarly, lymphatic malformations may be treated 
through oral medications or careful surgical debulking, preferably by a vascular anomalies team. For those with 
pain, evaluation for the source of pain and treatment of the underlying cause is recommended. For those with 
growth hormone deficiency, evaluation of the hypothalamic-pituitary-adrenal axis is warranted; a trial of growth 
hormone therapy may be considered with careful monitoring of linear growth and overgrowth. Severe persistent 
hypoglycemia has been reported, and requires evaluation and ongoing treatment, which can include cornstarch 
administration. Routine treatment of the following, when present, is indicated: cardiac and renal abnormalities; 
intellectual disabilities and behavior issues; polydactyly and foot deformities; coagulopathy or thrombosis; 
Wilms tumor; and hypothyroidism.

Surveillance: At each visit: measurement of growth parameters including head circumference, length of arms, 
hands, legs, and feet; assess for new neurologic manifestations (seizures, changes in tone, and other signs/
symptoms of Chiari malformation); monitor developmental progress and behavior; assess motor skills; clinical 
assessment for scoliosis and abdominal examination for organomegaly and/or abdominal masses. Serial head 
MRI imagining is recommended, with frequency based on the severity of findings on initial assessment and the 
degree of brain maturation. For those with CNS overgrowth or dysplasia, brain MRI every six months until age 
two years and then annually until age eight years to monitor specifically for progressive hydrocephalus and 
Chiari malformation. As clinically indicated: clinical assessment and monitoring of any vascular and/or 
lymphatic malformations; radiographs of the limbs in those with overgrowth of a limb or portion of a limb; 
ultrasound or MRI follow up in those with truncal overgrowth; spinal MRI in those with scoliosis or deformities 
that affect the spine; blood glucose monitoring and evaluation of the hypothalamic-pituitary-adrenal axis for 
those with persistent hypoglycemia, particularly if they require ongoing treatment for hypoglycemia. 
Hematology consultation with recommendations for assessment for thrombosis and coagulopathy risk after any 
surgical intervention, particularly in those with the CLOVES phenotype and/or those with vascular 
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malformations. Consideration of renal ultrasound every three months until age eight years (tumor screening for 
Wilms tumor is controversial).

Genetic counseling
PROS disorders are not known to be inherited, as most identified pathogenic variants are somatic (mosaic). No 
confirmed vertical transmission or sib recurrence has been reported to date. The risk to sibs of a proband with 
somatic mosaicism for a pathogenic variant in PIK3CA would be expected to be the same as in the general 
population. All but a few affected individuals with PROS have had somatic mosaicism for a PIK3CA pathogenic 
variant, suggesting that mutation occurred post fertilization in one cell of the multicellular embryo. Therefore, 
the risk for transmission to offspring is expected to be less than 50%.

GeneReview Scope
PIK3CA-Related Overgrowth Spectrum (PROS): Included Phenotypes 1, 2

• Megalencephaly-capillary malformation (MCAP) syndrome
• Dysplastic megalencephaly (DMEG), hemimegalencephaly (HMEG) and focal cortical dysplasia (FCD)
• Congenital lipomatous overgrowth, vascular malformations, epidermal nevi, scoliosis/skeletal and spinal (CLOVES) 

syndrome
• Klippel-Trenaunay syndrome
• CLAPO syndrome
• Isolated tissue dysplasia-overgrowth phenotypes: lymphatic malformations, vascular malformations, venous malformations, 

lipomatosis
• Fibroadipose hyperplasia or overgrowth (FAO)
• Hemihyperplasia multiple lipomatosis (HHML)
• Macrodactyly
• Fibroadipose infiltrating lipomatosis / facial infiltrative lipomatosis

For synonyms and outdated names see Nomenclature.
1. For other genetic causes of these phenotypes see Differential Diagnosis.
2. Sadick et al [2018]

Diagnosis
PIK3CA-related overgrowth spectrum (PROS) encompasses a range of clinical findings in which the core 
features are congenital or early-childhood onset of segmental/focal overgrowth with or without cellular 
dysplasia in the absence of a family history of similarly affected individuals (i.e., single occurrence in a family). 
Prior to the identification of PIK3CA as the causative gene, PROS was separated into distinct clinical syndromes 
based on the tissues and/or organs involved (see GeneReview Scope).

Suggestive Findings
PROS should be considered in individuals with the following clinical, brain MRI, and family history findings 
[Keppler-Noreuil et al 2015, Mirzaa et al 2016, Kuentz et al 2017].

Clinical features

• Overgrowth of any of a wide variety of tissues including (but not limited to) brain, adipose, vascular, 
muscle, skeletal, nerve

• Vascular malformations including (but not limited to) capillary, venous, arteriovenous, or mixed 
malformations

• Lymphatic malformations
• Cutaneous findings including epidermal nevi and hyperpigmented macules
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• Single or multiple digital anomalies of the hands or feet (e.g., macrodactyly, syndactyly, polydactyly, 
sandal-toe gap)

• Kidney malformations
• Benign tumors, with the exceptions of Wilms tumor and nephroblastomatosis (i.e., diffuse or multifocal 

clusters of persistent embryonal cells)

Brain MRI findings. Focal brain overgrowth (with or without cortical dysplasia) including:

• Hemimegalencephaly (HMEG)
• Focal cortical dysplasia (FCD)
• Dysplastic megalencephaly (DMEG)

Family history. Because PIK3CA is typically caused by a de novo mosaic pathogenic variant, most probands 
represent a simplex case (i.e., a single occurrence in a family). Rarely, the family history may be consistent with 
autosomal dominant inheritance (e.g., affected males and females in multiple generations).

Establishing the Diagnosis
The diagnosis of PROS is established in a proband with suggestive findings and a heterozygous mosaic (or 
rarely, constitutional) activating pathogenic variant in PIK3CA [Keppler-Noreuil et al 2015] (see Table 1 and 
Molecular Genetics).

Molecular diagnosis. Molecular genetic testing approaches typically include use of targeted testing (single-gene 
testing or multigene panel), although comprehensive genomic testing (exome sequencing, genome sequencing) 
is available. Because the majority of reported PIK3CA pathogenic variants are postzygotic (and thus mosaic), 
more than one tissue (excluding blood in most cases) may need to be tested:

• Experience suggests that sequence analysis of DNA derived from clinically affected tissue samples ‒ 
preferably from freshly obtained dermal biopsy overlying an affected area, from surgical excision of the 
overgrown tissue, or from uncultured tissues (e.g., skin fibroblasts or other tissues) ‒ should be prioritized 
for genetic testing.

• The level of mosaicism for an activating variant in affected tissues or cultured cells is extremely variable 
[Keppler-Noreuil et al 2014, Kuentz et al 2017].

• Testing of blood or DNA isolated from blood is not recommended based on current technologies, as 
PIK3CA pathogenic variants have not been identified in blood except in two of 24 individuals with 
megalencephaly-capillary malformation (MCAP) syndrome, who had an apparently de novo germline 
pathogenic variant in PIK3CA [Rivière et al 2012].

Gene-targeted testing requires that the clinician determine which gene(s) are likely involved, whereas genomic 
testing does not. Individuals with the distinctive findings described in Suggestive Findings are likely to be 
diagnosed using gene-targeted testing (see Option 1), whereas those in whom the diagnosis of PROS has not 
been considered may be diagnosed using genomic testing (see Option 2), if an appropriate sample is used.

Option 1
When the phenotypic findings suggest a diagnosis of PROS, molecular genetic testing approaches can include 
single gene testing or use of a multigene panel that includes PIK3CA.

• Single-gene testing. Sequence analysis of PIK3CA may be performed on an appropriate sample (see 
above) and can detect missense variants (see Molecular Genetics for a summary of appropriate laboratory 
techniques to detect low levels of mosaicism).
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Note: (1) The pathogenic variants observed in PROS have all been associated with gain of function; thus, 
gene-targeted deletion/duplication analysis is not recommended. (2) Failure to detect an activating 
PIK3CA pathogenic variant does not exclude a diagnosis of PROS in individuals with suggestive findings, 
given that a low level of mosaicism is observed in many affected individuals [Kurek et al 2012, Lee et al 
2012, Lindhurst et al 2012, Jansen et al 2015, Mirzaa et al 2016].

• A multigene panel that includes PIK3CA and other genes of interest (see Differential Diagnosis) on an 
appropriate sample (see above) may be considered. Note: (1) The genes included in the panel and the 
diagnostic sensitivity of the testing used for each gene vary by laboratory and are likely to change over 
time. (2) Some multigene panels may include genes not associated with the condition discussed in this 
GeneReview. (3) In some laboratories, panel options may include a custom laboratory-designed panel 
and/or custom phenotype-focused exome analysis that includes genes specified by the clinician. (4) 
Methods used in a panel may include sequence analysis, deletion/duplication analysis, and/or other non-
sequencing-based tests.
For an introduction to multigene panels click here. More detailed information for clinicians ordering 
genetic tests can be found here.

Option 2
When the diagnosis of PROS has not been considered because an individual has atypical phenotypic features, 
genomic testing on an appropriate sample (see above) may be considered.

Comprehensive genomic testing does not require the clinician to determine which gene is likely involved. 
Exome sequencing is most commonly used; genome sequencing is also possible.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians 
ordering genomic testing can be found here.

Table 1. Molecular Genetic Testing Used in PIK3CA-Related Overgrowth Spectrum

Gene 1 Method Proportion of Probands with a Pathogenic 
Variant 2 Detectable by Method

PIK3CA
Sequence analysis 3, 4 100% 5

Gene-targeted deletion/duplication 
analysis 6 None reported 7

1. See Table A. Genes and Databases for chromosome locus and protein.
2. See Molecular Genetics for information on variants detected in this gene.
3. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. Variants 
may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, exon or whole-gene 
deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
4. The choice of method for somatic PIK3CA variant detection (see Molecular Genetics) depends on several factors. Several 
manufacturers have developed PCR-based assays for detection of specific PIK3CA variants commonly found in cancers, and many of 
these variants have also been found in individuals with PROS as well. The data suggest that while there are mutational hot spots (e.g., 
PIK3CA codons 542, 545, and 1047), there are a substantial number of rare pathogenic variants.
5. Because most affected individuals have a somatic mosaic PIK3CA pathogenic variant, the actual detection rate depends on the type 
of sample provided and the molecular genetic testing method used.
6. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
7. The pathogenic variants observed in PROS have all been associated with gain of function; thus, partial or whole PIK3CA deletions 
and duplications are not likely to lead to this phenotype.
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Clinical Characteristics

Clinical Description
PIK3CA-related overgrowth spectrum (PROS) includes overgrowth of a broad range of tissues that may or may 
not be accompanied by cellular dysplasia. Prior to the understanding of the molecular nature of PROS, a number 
of distinct but overlapping phenotypes were clinically described and given names (see GeneReview Scope).

In general, PROS can be divided into an isolated form (when a person has a focal lesion that affects only one 
tissue or body part; see Table 2) and a syndromic form (i.e., overgrowth plus at least two other features in two 
systems; see Table 3). A targeted therapy aimed at inhibiting PI3K-related pathway overgrowth has been 
approved by the FDA (see Table 6).

Table 2. Selected Isolated PIK3CA-Related Overgrowth Phenotypes by Affected Organ or Tissue

Organ or Tissue Phenotype Comment

Brain/Head

HMEG: brain overgrowth affecting 1 
hemisphere w/or w/o cortical dysplasia

• Cognitive & developmental disabilities
• Seizures are common.
• Focal neurologic deficits may be present.
• May result in facial asymmetry

Focal cortical dysplasia 1

• Types I, II, III 2
• Overgrowth not as exaggerated as in HMEG
• May → epilepsy, which may be refractory to medications if 

childhood onset
• Cognitive impairment

DMEG: focal brain overgrowth w/cortical 
dysplasia; cortical dysplasia may be 
bilateral.

• Developmental delay
• Frequently severe epilepsy 3 w/in 1st few mos of life
• Focal neurologic deficits may be present.

Facial infiltrating lipomatosis
• Unilateral hypertrophy of soft tissues of the face (most 

commonly cheek) w/underlying fat infiltration 4, 5
• May incl bony hypertrophy

Limb

Hemihyperplasia
• May incl whole limb, part of limb, or only hand or foot (acral 

overgrowth)
• May involve soft tissue, muscle, &/or bone

Macrodactyly • May affect ≥1 digits on hand or foot
• May involve soft tissue, muscle &/or bone

Fibroadipose vascular anomaly

• Fibrofatty tissue w/dilated veins (phlebectasia) replaces muscle 
fibers.

• Low-flow venous or lymphatic malformation 6
• May present as painful lump, typically of the gastrocnemius
• May be assoc w/ankle dorsiflexion & calf contracture

Macrodactyly or macrodystrophia 
lipomatoma

• Fibroadipose tissue enlargement & bony overgrowth w/in a 
nerve territory (e.g., upper or lower limbs, hands & feet) w/↑ 
length & circumference of peripheral nerve

• Growth can be static (proportionate) or progressive 
(disproportionate).

Lymphatics 7
Isolated lymphatic malformations: dilated 
vascular channels lined by lymphatic 
endothelial cells

Fluid-filled cysts usually grow proportionally w/growth of affected 
person; may → pain &/or morbidity if they are infiltrative.

Vascular 7 Vascular malformations Incl capillary, venous, or mixed malformations
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Table 2. continued from previous page.

Organ or Tissue Phenotype Comment

Skin
• Benign lichenoid keratosis
• Epidermal nevi
• Seborrheic keratosis

Skin lesions are typically benign.

Overgrowth can affect any part of the body depending on the distribution of the PIK3CA pathogenic variant in various tissues and 
organs.
DMEG = dysplastic megalencephaly; HMEG = hemimegalencephaly
1. Often characterized histologically as having dysplastic neurons, balloon cells, and lamination disorganization
2. Type I: isolated focal lesions with architectural abnormalities
Type II: isolated focal lesions with architectural and dysmorphic abnormalities
Type III: cortical disorganization associated with or adjacent to other principal lesions
3. Seizures are typically partial and may include infantile spasms, tonic seizures, or electroclinical features of Ohtahara syndrome.
4. May be associated with precocious dental development, macrodontia, hemimacroglossia, protuberances on the tongue and buccal 
mucosa, and mucosal neuromas
5. Couto et al [2017]
6. Rare high-flow variants due to excessively muscularized venous channels. Organizing thrombi may be present.
7. Overgrowth of capillary, lymphatic, and venous channels is sometimes referred to as CLVM (capillary lymphatic venous 
malformations), in which dilated lymphatic channels are combined with venous and capillary components.

Table 3. Selected Syndromic PIK3CA-Related Overgrowth Phenotypes

Phenotype 1 Types of Overgrowth
Malformations/Abnormalities

Cutaneous & vascular Musculoskeletal Visceral Neurologic

CLOVES 
(See Figure 
1.)

• Asymmetric
• Congenital 

lipomatous 
overgrowth of 
limb or on trunk

• Hand &/or foot
• Plantar-palmar 

overgrowth

• Typically 
lymphatic low 
flow in areas of 
overgrowth

• Linear EN
• Morbid 

paraspinal 
high-flow 
lesions & 
phlebectasia

• Scoliosis
• Spina bifida
• Pectus 

deformities
• Sandal-gap toes
• Splayed feet & 

toes
• Macro-, poly-, & 

syndactyly
• Chondromalacia 

patellae
• Dislocated 

knees

• Renal 
agenesis/ 
hypoplasia

• Splenic 
lesions

• Wilms 
tumor

• HMEG
• Seizures

CLAPO Partial/generalized of 
soft tissues & bone

• Lower-lip 
capillary 
malformation 
w/o 
progression

• Lymphatic 
malformation 
of face/neck & 
upper body
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Table 3. continued from previous page.

Phenotype 1 Types of Overgrowth
Malformations/Abnormalities

Cutaneous & vascular Musculoskeletal Visceral Neurologic

FH or FAO

• Segmental & 
progressive 
overgrowth of 
subcutaneous & 
visceral 
fibroadipose 
tissue

• Occasional 
skeletal 
overgrowth

• Disproportionate 
linear 
overgrowth

• Vascular 
malformation

• EN

• Progressive 
skeletal 
overgrowth 
(preserved 
architecture)

• Polydactyly
• Lipomatous 

infiltration of 
muscle

• Testicular 
or 
epididymal 
cysts & 
hydrocele

• Non-
spleen/ 
thymus 
visceral 
overgrowth

HHML

• Asymmetric 
overgrowth of a 
body part or 
body segment

• Overgrowth may 
be static or 
mildly 
progressive.

Multiple lipomas

KTS
Bone &/or soft tissue 
overgrowth in a 
unilateral limb

• Low-flow 
venous or 
lymphatic 
malformations

• Port-wine 
nevus 
(capillary 
malformations)

Digital enlargement

MCAP or 
M-CM (See 
Figures 2, 
3.)

• Megalencephaly 
& HMEG 2

• Generalized 
overgrowth 
(macrosomia)

Cutaneous vascular 
malformations, esp 
cutis marmorata & 
capillary 
malformations of the 
face

• Cutaneous 
syndactyly & 
postaxial 
polydactyly or 
polysyndactyly

• Subcutaneous 
lipomas

Wilms tumor 
(rare)

• Hypotonia
• Seizures
• Autistic features
• Mild-to-severe ID
• Behavioral 

problems
• Meningioma-

assoc symptoms 
(rare)
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Table 3. continued from previous page.

Phenotype 1 Types of Overgrowth
Malformations/Abnormalities

Cutaneous & vascular Musculoskeletal Visceral Neurologic

MPPH 3 Brain overgrowth 4
• Syndactyly
• Depressed nasal 

bridge

• DD
• ID
• Hypotonia
• Seizures
• Medulloblastoma-

assoc clinical 
features (very 
rare)

CLAPO = capillary malformation of the lower lip, lymphatic malformation of the face and neck, asymmetry and partial/generalized 
overgrowth; CLOVES = congenital lipomatous overgrowth, vascular malformations, epidermal nevi, scoliosis/skeletal and spinal; DD = 
developmental delay; EN = epidermal nevi; FH or FAO = fibroadipose hyperplasia or overgrowth; HHML = hemihyperplasia multiple 
lipomatosis; HMEG = hemimegalencephaly; ID = intellectual disability; KTS = Klippel-Trenaunay syndrome; MCAP or M-CM = 
megalencephaly-capillary malformation; MPPH = megalencephaly-polymicrogyria-polydactyly-hydrocephalus syndrome
1. Most common findings; see text for more information.
2. May also include cortical dysplasia, polymicrogyria, Arnold-Chiari malformation, and ventriculomegaly
3. Individuals with this phenotype may also display dysmorphic features including prominent forehead, widely spaced eyes, downslanted 
palpebral fissures, low-set ears, preauricular pits, anteverted nares, and a high and narrow palate.
4. May include megalencephaly, hydrocephalus, and polymicrogyria

Figure 1. Features of CLOVES syndrome in a child with (A) a large lipomatous truncal mass that extends into the surrounding tissues 
and an overlying capillary malformation and (B) macrodactyly of the left foot

PIK3CA-Related Overgrowth Spectrum 9



Figure 2. Features of MCAP syndrome. Photographs of an individual with MCAP syndrome demonstrating the apparent 
macrocephaly with prominent forehead (D); extensive capillary malformations (A-F1); bilateral 2-3-4 toe syndactyly (G, H); 3-4 finger 
syndactyly (F1, F2); and postaxial polydactyly of the right hand (F1)
From Mirzaa et al [2012]. Used by permission.
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Figure 3. Features of MCAP syndrome. A boy age 40 months with MCAP syndrome (left) and his unaffected twin sister (right). Note 
left-sided hemihypertrophy, typical facial features, bilateral 2-3 toe syndactyly, and connective tissue dysplasia with loose redundant 
skin.
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From Conway et al [2007b]. Used by permission.

Overgrowth
PIK3CA pathogenic gain-of-function variants can cause overgrowth of almost any type of tissue. Onset of 
overgrowth is typically congenital or early postnatal, in contrast to onset in later infancy or childhood.

The predominant areas of involvement include the brain, limbs (including fingers and toes), trunk (including 
abdomen and chest), and face, all usually in an asymmetric distribution.

Overgrown tissue may have a "ballooning" appearance ‒ that is, the involved body part (usually finger/s, toe/s, 
and/or dorsum of the hand or foot) resembles an inflated balloon.

Unilateral involvement is more common than bilateral involvement.

Overgrowth may include some or all of the following tissue types:

• Fibrous, including dense fibrous tissue encircling the nerves in individuals with the fibroadipose vascular 
anomaly (See Table 2.)

• Nervous (See Brain Growth.)
• Vascular (See Vascular Malformations.)
• Lymphatic (See Lymphatic Malformations.)
• Skeletal (See Skeletal Findings.)
• Lipomatous (See Lipomatous Overgrowth with or without Regional Reduction of Adipose Tissue.)

Brain Growth
Generalized brain overgrowth may be accompanied by secondary overgrowth of specific brain structures 
resulting in ventriculomegaly, a markedly thick corpus callosum, and cerebellar tonsillar ectopia with crowding 
of the posterior fossa [Conway et al 2007b, Mirzaa et al 2012]. Adult OFCs range from +2 to as large as +10 SDs 
above the mean.

Megalencephalopathy. Although most affected individuals have macrocephaly due to megalencephaly (MEG) at 
birth, a few affected individuals have normal head size at birth but develop progressive macrocephaly due to 
progressive MEG within the first year of life [Moore et al 1997, Conway et al 2007a, Conway et al 2007b, Mirzaa 
et al 2012].

In children who have undergone neurosurgical shunting for obstructive ventriculomegaly or hydrocephalus, 
head growth noticeably continues at an accelerated pace, indicating the primary nature of MEG in individuals 
who have MEG as part of their PROS findings.

MCAP syndrome. In a review of 21 children, birth occipitofrontal circumference (OFC) typically ranged from 
+2 to +7 SDs above the mean for gestational age [Mirzaa et al 2012; Author, unpublished data].

In most children, OFC SD increased during the first year of life. Although head growth may level off in early 
childhood, it typically remains at +3 SD or more above the mean.

Vascular Malformations
Vascular malformations may include capillary, venous, and less frequently, arterial or mixed (capillary-
lymphatic-venous or arteriovenous) malformations. Low-flow vascular malformations (lymphatic, venous) may 
be found overlying truncal or limb overgrowth. Vascular malformations may be superficial or deep (visceral). 
Many of these lesions can only be identified by MRA/MRV imaging (see ISSVA Classification for Vascular 
Anomalies - 2018).
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• Cutaneous capillary malformations may be midline on the face (persistent nevus simplex) or widespread 
on the entire body having a reticulated appearance similar to cutis marmorata.

• Venous malformations (VM), including aneurysms, are characterized by enlarged and distorted blood 
vessel channels, which may grow over time and cause significant morbidity, including bleeding, pain and 
disfigurement.

• Affected individuals may be at increased risk for deep venous thrombosis and pulmonary embolism, 
especially those with combined capillary-lymphatic-venous malformations [Douzgou et al 2022].
⚬ The risk increases after surgery or sclerotherapy.
⚬ Thrombotic risk may also be increased due to other causes of chronic stasis including impaired 

mobility (e.g., dehydration, surgery), decreased anticoagulant proteins, and the effect of the specific 
pathogenic PIK3CA variant on the vascular endothelium [Keppler-Noreuil et al 2019].

• High-flow vascular malformations (arteriovenous) can also occur, especially involving the spinal-
paraspinal areas.

• Individuals with the Klippel-Trenaunay phenotype can have hemangiomas and venous and/or lymphatic 
malformations and are at risk for Kasabach-Merritt syndrome, characterized by thrombocytopenia and 
coagulopathy.

Lymphatic Malformations
Lymphatic malformations may be in various locations (internal and/or external) and can cause various clinical 
issues including swelling, pain, and occasionally localized bleeding secondary to trauma. Some individuals may 
have complicated lymphatic anomalies, especially generalized lymphatic anomaly [Rodriguez-Laguna et al 
2019]. Complex lymphatic anomalies can have an aggressive course, are difficulty to treat, and have a poor 
prognosis, especially when located in close proximity to vital structures of the anterior head and neck region.

Skeletal Findings
Characteristic findings in the hands include broad, spade-like hands with splayed or ulnar deviation of the 
fingers and overgrowth of one or more fingers.

Characteristic findings in the feet include overgrowth with a large "sandal" gap between the great and second 
toes, large bulbous toes, lipomatous masses on both the dorsal and plantar surfaces, or broad forefoot with wide 
gaps between the metatarsal heads.

Patterning defects may include postaxial, preaxial, or central polydactyly and cutaneous syndactyly, which often 
involves the toes, but can include the fingers. The cutaneous syndactyly occurs in patterns of 2-3 toes, 2-4 toes, 
and 2-5 toes with sandal-gap toes.

Dislocated knees, leg-length discrepancy, and pattern chondromalacia can occur.

Some affected individuals may have scoliosis, vertebral anomalies, spina bifida, and/or pectus anomalies, 
particularly in the CLOVES phenotype.

Progressive skeletal overgrowth has been described in those with the FH or FAO phenotype.

Individuals with the MCAP phenotype may have joint hypermobility due to connective tissue dysplasia.

Lipomatous Overgrowth with or without Regional Reduction of Adipose Tissue
Lipomatous overgrowth may occur ipsilateral or contralateral to a vascular malformation, if present. The 
characteristic truncal lipomatous mass infiltrates surrounding tissues and often requires surgical excision. Severe 
scoliosis, large truncal mass, paraspinal high-flow lesions with spinal cord ischemia, lymphatic malformations, 
cutaneous vesicles, orthopedic problems of the feet and hands, and central phlebectasia/thromboembolism are 
examples of significant morbidities that need active or prophylactic medical intervention (see Management).
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• Paraspinal and intraspinal extension, more commonly seen in individuals with the CLOVES phenotype, 
present significant risk for compression of the cord, thecal sac, and nerve roots, with resultant major 
neurologic deficits including myelopathy, warranting prompt diagnosis and multidisciplinary care 
[Alomari 2009].

• Lipomatosis can be invasive, invading hip joints and intravertebral spaces, which can become quite 
painful.

• Infiltration of adipose tissue into muscle with either replacement or compression of muscle, as well as into 
viscera (liver, spleen, pancreas), intestines, mediastinum, and spine has also been described.

• Surgery can be difficult because of the vascularity of the lipomatous tissue and the risk of thrombosis.
• PIK3CA pathogenic gain-of-function variants can cause regional reduction of adipose tissue that is often 

accompanied by significant overgrowth in another part of the body. For example, reduction of adipose 
tissue in the upper limbs, chest, or upper abdomen has been observed in those with significant overgrowth 
in the lower body or lower limbs/feet.

Developmental Delay and Intellectual Disability
The degree of intellectual disability (ID) appears to be mostly related to the presence and severity of seizures, 
cortical dysplasia (e.g., polymicrogyria), and hydrocephalus (see Neuroimaging). Gross motor delays are 
probably attributable to multiple factors in the affected individual including the presence of MEG, cortical brain 
malformations, hypotonia, limb asymmetry or overgrowth, and connective tissue dysplasia.

MCAP syndrome

• Most individuals with MCAP syndrome have some intellectual disability; the degree is variable and ranges 
from mild learning disability to severe disability.

• Most have mild-moderate delays yet continue to make steady developmental progress, albeit at a slower 
rate.

• A few (<10%) have severe handicaps. The range of expected milestone acquisition has not yet been 
clarified in individuals with MCAP syndrome.

Other Neurodevelopmental Features
Hypotonia. Younger children with polymicrogyria (specifically of the frontal region) have hypotonia, are not 
spastic, and may have pseudobulbar problems; older children often have spasticity and pseudobulbar problems 
[Mirzaa et al 2012].

Infant feeding difficulties. Many children may have feeding difficulties that are often multifactorial in nature 
(e.g., due to hypotonia, GERD), although use of a feeding tube is rarely required.

Epilepsy. An estimated 30%-40% of individuals with PIK3CA pathogenic variants have epilepsy. Reported 
seizure types include focal and tonic-clonic (among others), though seizure types, severity, age of onset, and any 
associated EEG or neuroimaging abnormalities depend primarily on the tissue distribution of the pathogenic 
PIK3CA variants and the presence or absence of associated cortical malformations.

Symptoms of cerebellar tonsillar ectopia (Chiari malformation). Infants may have irritability, excessive 
drooling, difficulty swallowing, or breathing problems, especially central apnea. Children may have neck pain or 
headache, motor weakness, sensory changes, vision problems, swallowing difficulties, or behavioral changes.

Behavioral Issues and Autistic Features
A subset of children (6/21) with MCAP syndrome have autistic features or a clinical diagnosis of autism [Mirzaa 
et al 2012], suggesting that autism may be part of the neurocognitive profile of a minority of individuals who 
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have MEG as part of PROS [McBride et al 2010]. Other behavioral abnormalities seen in one or a few affected 
individuals:

• Attention-deficit/hyperactivity disorder
• Obsessive-compulsive tendencies
• Anxiety-related issues

Neuroimaging
Individuals with PROS who have macrocephaly typically undergo brain imaging shortly after birth or within the 
first year of life, leading to early identification of the following key neuroimaging features (see Figure 4) [Vogels 
et al 1998, Nyberg et al 2005, Conway et al 2007a, Conway et al 2007b, Martínez-Lage et al 2010, Mirzaa et al 
2012].

Megalencephaly [Clayton-Smith et al 1997, Vogels et al 1998, Robertson et al 2000, Nyberg et al 2005, Coste et 
al 2012]. In some instances, MEG (with or without ventriculomegaly) is detected prenatally on ultrasound 
examination, along with a thickened corpus callosum. More than 90% of affected individuals have congenital 
MEG that is universally progressive.

Ventriculomegaly and hydrocephalus. Most affected children have evidence of ventricular dilatation or 
ventriculomegaly on early brain imaging:

• In a large review of the neuroimaging findings in individuals with MCAP syndrome, 37 (56%) of 65 
children had ventriculomegaly ranging from mild-to-frank hydrocephalus, with or without cerebellar 
tonsillar ectopia [Conway et al 2007b].

• While it is unclear whether ventriculomegaly is obstructive in all these individuals, more than half of 
affected children undergo ventricular shunting or third ventriculostomy, usually within the first year of 
life.

Cerebellar tonsillar ectopia (CBTE). A large cerebellum combined with a small posterior fossa leading to 
cerebellar tonsillar ectopia (Chiari malformation) and syringomyelia are common complications, particularly in 
those with MCAP syndrome:

• Fifteen of 65 reported affected individuals with MCAP have evidence of CBTE with or without herniation 
[Conway et al 2007b].

• The degree of ectopia is best objectively assessed by measuring the distance of the cerebellar tonsils below 
the foramen magnum.

• Unlike ventriculomegaly, CBTE is rarely congenital in individuals with MCAP syndrome.
• In two individuals spontaneous "resolution" of CBTE on follow-up imaging was attributed to 

disproportionately accelerated skull overgrowth [Mirzaa et al 2012].

Cortical brain malformation and polymicrogyria (PMG). PMG may be present in more than 50% of affected 
children, most commonly those with the MCAP phenotype [Conway et al 2007b; Gripp et al 2009; Mirzaa et al 
2012; Authors, unpublished data].

• The most common type of PMG in those with MCAP syndrome is bilateral perisylvian PMG, although 
other types including bilateral frontal and focal PMG occur.

• PMG broadly, and bilateral perisylvian PMG in particular, increase the risk for: epilepsy; oral motor 
weakness leading to feeding, swallowing, and expressive language difficulties; developmental delay; and 
tone abnormalities.
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Tumors
Benign tumors. The most common are vascular, described variably as (cavernous) hemangiomas, angiomata, 
angiomyolipomas, and vascular masses [Clayton-Smith et al 1997, Moore et al 1997, Martínez-Glez et al 2010].

• Cavernous hemangiomas have occurred in brain tissue, necessitating debulking when they enlarge and 
cause pain.

• While most common in skin or subcutaneous tissue, hemangiomas have been described in viscera and 
skull.

Other benign tumors have included two individuals with MCAP (ages 21 months and 5 years) who had 
meningioma (which do not tend to enlarge, spread, or metastasize); two individuals with PROS who had spinal 
and major nerve neurofibromas; and several others with ovarian cystadenoma, uterine fibroids, and lipomas 
[Keppler-Noreuil et al 2014].

Figure 4. Characteristic brain MRI of MCAP syndrome in three individuals (A-D, E-H, and I-L). Note: Megalencephaly with a 
prominent forehead (A, E, I); cerebellar tonsillar ectopia with a large cerebellum and crowded posterior fossa (A, E, I); 
ventriculomegaly (G) and hydrocephalus (J, K, L); and bilateral perisylvian polymicrogyria (B, D, F, G, H, K, and L).
From Mirzaa et al [2012]. Used by permission.
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Malignant tumors. If present, most affected individuals have benign tumors, with only a few malignant tumors 
reported [Kurek et al 2012, Keppler-Noreuil et al 2014, Luks et al 2015, Gripp et al 2016, Hucthagowder et al 
2017, Kuentz et al 2017, Peterman et al 2017, Postema et al 2017].

The estimated frequency of Wilms tumor ranges from 1.4% to 3.3%. Of 12 individuals reported to have Wilms 
tumor or nephroblastomatosis, clinical PROS diagnoses included CLOVES (8 individuals), MCAP (2 
individuals), and KTS (2 individuals).

• Mean age at diagnosis was 27.4 months (median 18 months; range 9-119 months).
• Tumor type included seven individuals (~60%) with Wilms tumor, four (33%) with indeterminate features 

of Wilms tumor vs nephroblastomatosis, and one (8%) with nephroblastomatosis.
• Six (50%) had somatic "hot spot" PIK3CA variants (see Molecular Genetics).

There have been several case reports of individuals with PROS who developed other cancers including the 
following [Moore et al 1997, Schwartz et al 2002, Mills et al 2018]:

• Leukemia (in those with the MCAP phenotype)
• Vestibular schwannoma
• Retinoblastoma

Systematic data are at present insufficient to determine whether there is a true association between PROS and 
the development of these types of tumors or whether the case reports represent rare co-occurrences of PROS 
with these tumors.

Other
Kidney. Kidney malformations are frequently found in individuals with PROS, and more specifically the 
CLOVES phenotype, and include pelviectasis, dilated ureters, hydronephrosis, duplicated renal arteries, renal 
cysts, and enlarged kidneys.

Skin. Abnormalities observed in PROS:

• Dermal melanocytic nevi
• Café au lait macules
• Hypopigmented macules
• Cutis marmorata
• Pigmented nevi
• Patchy hyperpigmentation that follows the lines of Blaschko
• Linear keratinocytic epidermal nevi, which may occur anywhere on the body and may follow a 

dermatomal distribution
• Seborrheic keratosis and benign lichenoid dermatosis
• Skin hyperelasticity, laxity, and thick subcutaneous tissue in those with the MCAP phenotype due to 

connective tissue dysplasia

Endocrine issues affect a small number of individuals and most commonly include hypoglycemia (largely 
hypoinsulinemic hypoketotic hypoglycemia), growth hormone deficiency, and hypothyroidism [Mirzaa et al 
2016, Leiter et al 2017, Davis et al 2020, Maines et al 2021, Douzgou et al 2022].

• PROS is a clinical phenocopy of congenital hyperinsulinism (see Molecular Genetics), but plasma insulin 
concentrations at the time of hypoglycemia are undetectable.

• This profile has been reported both in individuals with MCAP and in those with overlapping forms of 
PROS that include brain involvement.
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• While hypoglycemia in PROS is most commonly diagnosed in the neonatal period, some individuals may 
present later in childhood, including at least one male with MCAP who presented with his first episode of 
hypoglycemia at age six years [Author, personal communication].

• Hypoglycemia may be persistent over time, requiring consistent glucose monitoring, evaluation of the 
hypothalamic-pituitary-adrenal axis, and ongoing treatment (see Management).

Cardiac issues. Structural heart defects (e.g., atrial and ventricular septal defects) and/or abnormalities of the 
great vessels have been reported in some individuals with MCAP syndrome [Mirzaa et al 2016].

Genotype-Phenotype Correlations
There are several mutational hot spots in PIK3CA (see Molecular Genetics and Table 9) that are more commonly 
associated with highly focal phenotypes (CLOVES syndrome, fibroadipose hyperplasia, lymphatic/vascular 
malformations, hemimegalencephaly and focal cortical dysplasia), namely: p.Glu542Lys, p.Glu545Lys, 
p.His1047Arg, p.His1047Lys [Mirzaa et al 2016]. These mutational hot spots, when present in the brain, are 
associated with more severe epilepsy phenotypes as well [Pirozzi et al, in press]. The same PIK3CA missense 
variants may be found in individuals with PROS and in unaffected individuals with PIK3CA-related cancer 
(Tables 8 and 9).

Further, analysis of individuals with PROS suggests that MCAP syndrome in particular is primarily associated 
with a wide range of PIK3CA variants that are widely distributed across the gene, and less likely associated with 
PIK3CA mutational hot spots [Mirzaa et al 2016] (see Molecular Pathogenesis).

Nomenclature
Due to the phenotypic variability of the disorders caused by somatic PIK3CA pathogenic variants, researchers at 
an NIH Workshop in 2013 proposed the umbrella term PIK3CA-related overgrowth spectrum [Keppler-Noreuil 
et al 2015]. The PIK3CA-related overgrowth spectrum encompasses all the unique, clinically defined entities but 
highlights the continuum and overlap between the phenotype diagnoses.

Prevalence
The prevalence of PIK3CA-related overgrowth spectrum (PROS) is difficult to estimate due to variation in 
ascertainment and the broad phenotypic spectrum. More than 200 individuals with MCAP syndrome have been 
reported.

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with germline 
pathogenic variants in PIK3CA.

Sporadic tumors (including breast, colon, uterine, and others) occurring as single tumors in the absence of any 
other findings of PROS frequently harbor a somatic variant in PIK3CA that is not present in the germline. For 
more information, see Cancer and Benign Tumors.

Differential Diagnosis
A number of overgrowth and megalencephaly disorders overlap with the PIK3CA-related overgrowth spectrum 
(PROS), including those summarized in Table 4.

18 GeneReviews®



Table 4. Genes of Interest in the Differential Diagnosis of PIK3CA-Related Overgrowth Spectrum (PROS)

Gene(s) DiffDx Disorder MOI
Clinical Features of DiffDx Disorder

Overlapping w/PROS Differentiating from PROS

AKT1 Proteus syndrome NA (somatic)

Focal somatic overgrowth, 
epidermal nevi, vascular 
malformations, dysplastic 
adipose tissue

Cerebriform connective tissue nevi & 
postnatal onset of overgrowth (vs 
congenital onset in PROS). Absence 
of characteristic truncal fatty-
vascular mass, spinal paraspinal fast-
flow lesions, acral abnormalities of 
CLOVES syndrome

AKT3 
CCND2 
PIK3R2

Megalencephaly-polydactyly-
polymicrogyria-
hydrocephalus (MPPH) 
syndrome

AD (de novo) or 
somatic

Brain overgrowth (MEG), 
polymicrogyria, hydrocephalus, 
polydactyly, connective tissue 
or joint laxity

Absence of consistent vascular/
lymphatic malformations or severe 
focal somatic overgrowth

HRAS 
KRAS 
NRAS

Linear nevus sebaceous 
syndrome (LNSS) (OMIM 
163200)

NA (somatic)
Cutaneous findings (incl 
epidermal nevi & vascular 
malformations)

Absence of significant tissue 
overgrowth or more widespread 
vascular/lymphatic malformations

MTOR Smith-Kingsmore syndrome 
(SKS) (OMIM 616638)

AD (de novo) or 
somatic

Brain overgrowth (MEG), 
polymicrogyria, cutaneous 
findings (incl hyperpigmented 
nevi)

Absence of consistent vascular/
lymphatic malformations

PTCH1 
SUFU Basal cell nevus syndrome AD Brain overgrowth (MEG), 

polydactyly, syndactyly

Calcine calcification, BCCs, jaw 
cysts, epidermal cysts, wide ribs, 
many other skeletal & other 
multisystem features

PTEN

PTEN hamartoma tumor 
syndrome (PHTS) AD

Brain overgrowth (MEG), 
vascular malformations (incl 
capillary malformations), 
lipomas

Intestinal hamartomas, pigmented 
macules of the penis, absence of 
significant focal somatic overgrowth, 
acral deformities, ↑ cancer risk of 
specific cancer types

SOLAMEN syndrome 
(phenotypic subtype of 
PHTS)

See footnote 1.
Segmental overgrowth, 
lipomatosis, arteriovenous 
malformation, epidermal nevi

↑ cancer risk (ovarian cystadenoma, 
multiple breast tumors, thyroid 
adenomas), fibrocystic breast disease, 
gingival papules, multinodular goiter

TSC1 
TSC2

Tuberous sclerosis complex 
(TSC) AD Brain overgrowth (MEG, 

HMEG, FCD)

Absence of striking focal overgrowth 
& consistent vascular/lymphatic 
malformations; presence of white 
nevi, shagreen patches, ↑ 
multisystem cancer risk

AD = autosomal dominant; AR = autosomal recessive; CLOVES syndrome = congenital lipomatous overgrowth, vascular 
malformations, epidermal nevi, scoliosis/skeletal and spinal syndrome; DD = developmental delay; DiffDx = differential diagnosis; 
FCD = focal cortical dysplasia; HMEG = hemimegalencephaly; MEG = megalencephaly; MOI = mode of inheritance; NA = not 
applicable; PMG = polymicrogyria; XL = X-linked
1. SOLAMEN syndrome is the consequence of a germline pathogenic variant in PTEN with a somatic mosaic second PTEN variant 
that gives the phenotype its segmental attributes.

Management
Clinical practice guidelines for PIK3CA-related overgrowth spectrum have been published [Douzgou et al 2022] 
(full text). Additionally, a targeted pharmacologic therapy has been FDA approved (see Table 6).
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Evaluations Following Initial Diagnosis
To establish the extent of disease and needs in an individual with PIK3CA-related overgrowth spectrum (PROS), 
the evaluations summarized in Table 5 (if not performed as part of the evaluation that led to the diagnosis) are 
recommended.

Note: Assessment is complicated by variable findings in individuals with this condition. Accurate and thorough 
assessment of medical history is necessary to evaluate for vascular malformations as well as other clinical 
features.

Table 5. Recommended Evaluations Following Initial Diagnosis in Individuals with PIK3CA-Related Overgrowth Spectrum

System/Concern Evaluation Comment

Constitutional 
(overgrowth)

Measure growth parameters incl 
head circumference, total body 
length, length of arms, hands, legs & 
feet.

To assess for generalized & segmental overgrowth (incl leg 
length discrepancy) & macrocephaly

Consider whole-body MRI. In those w/truncal overgrowth

Consider limb x-rays & subsequent 
limb MRI. In those w/segmental or generalized overgrowth of a limb

Consider spinal ultrasound in 
infants & spinal MRI (w/MR 
angiography) in older persons.

In those w/evidence of spinal involvement (See also 
Cardiovascular/Vascular in this table.)

Clinical assessment for pain & 
functional impairment

Constitutional 
(undergrowth 
or generalized 
growth 
restriction)

Measurement of IGF1 & IGFBP3 If low, consider referral to endocrinologist & possible assessment 
for GHD.

Neurologic Neurologic eval

• Brain MRI in those w/megalencephaly to assess for 
cortical malformations, ventriculomegaly/hydrocephalus, 
& Chiari malformation (See Surveillance.)

• Consider EEG if seizures are a concern.

Development Developmental assessment
• To incl motor, adaptive, cognitive, & speech-language 

eval
• Eval for early intervention / special education

Psychiatric/ 
Behavioral Neuropsychiatric eval Persons age >12 mos: screen for behavior concerns incl sleep 

disturbances, ADHD, anxiety, &/or findings suggestive of ASD.

Musculoskeletal Orthopedics / physical medicine & 
rehab / PT/OT eval

To incl assessment of:

• Overgrowth of a limb or portion of a limb, foot 
abnormalities, splayed toes & spine abnormalities (incl 
spinal curvature)

• Gross motor & fine motor skills
• Mobility, activities of daily living, & need for adaptive 

devices
• Need for PT (to improve gross motor skills) &/or OT (to 

improve fine motor skills)

Gastrointestinal Abdominal exam for organomegaly 
& abdominal masses Consider imaging, incl ultrasound &/or MRI of the abdomen.
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Table 5. continued from previous page.

System/Concern Evaluation Comment

Cardiovascular/ 
Vascular

Physical exam focused on external 
vascular malformations, recording 
distribution & likely type

Consider Doppler ultrasound of main vessels in arms &/or legs 
if vascular malformations involve the extremities; if found, 
consider further MRI w/& w/o MRA.

MRI & MRA of the spine To assess for possible high-glow spinal & paraspinal vascular 
lesions

EKG & echocardiography
To assess for arrhythmias, congenital heart defects, &/or 
abnormalities of great vessels as clinically indicated & for those 
w/MCAP phenotype

Lymphatic/ 
Lipomatous

Physical exam for asymmetric or 
atypical edema or lipomas, esp 
around hips & spine

Consider Doppler ultrasound in infants &/or MRI/MRA/MRV 
scan in older persons.

Genitourinary Renal ultrasound To assess for Wilms tumor &/or renal malformations &/or 
hydronephrosis

Integument Full skin eval For evidence of vascular malformations & pigmentary anomalies

Endocrine

Measurement of glucose levels in 
infants & children 1 To assess for evidence of hypoglycemia

Measurement of IGF1 & IGFBP3 Indirect assessment for GHD in those w/growth restriction or 
poor linear growth

TSH & free T4 To assess for hypothyroidism

Hematologic Hematology consult for 
recommendations for baseline eval

• To assess for evidence of ↑ risk of thrombosis (esp in 
those w/venous malformations) & coagulopathy

• D-dimer & fibrinogen levels may be a useful screen for 
thrombosis in those w/vascular malformations.

Infectious Assessment for infections
Prophylactic antibiotics in those w/lymphovascular 
malformations may be considered; per vascular surgeon & 
interventional radiology vascular specialists

Genetic 
counseling By genetics professionals 2

To inform affected persons & their families re nature, MOI, & 
implications of PROS in order to facilitate medical & personal 
decision making

Family support 
& resources

Assess need for:

• Community or online resources such as Parent to Parent;
• Social work involvement for parental support;
• Home nursing referral.

ADHD = attention-deficit/hyperactivity disorder; ASD = autism spectrum disorder; EEG = electroencephalogram; GHD = growth 
hormone deficiency; IGF1 = insulin-like growth factor 1; IGFBP3 = insulin-like growth factor BP3; MOI = mode of inheritance; MRA 
= MR angiography; MRV = MR venography; OT = occupational therapy; PT = physical therapy; T4 = thyroxine; TSH = thyroid 
stimulation hormone
1. The first episode of hypoglycemia can occur later in childhood.
2. Medical geneticist, certified genetic counselor, certified advanced genetic nurse

Treatment – Targeted Therapy
There is no cure for PIK3CA-related overgrowth syndrome (PROS). Table 6 details a targeted pharmacologic 
treatment recently approved by the FDA.

PIK3CA-Related Overgrowth Spectrum 21

https://p2pusa.org/


Table 6. Targeted Treatment of PIK3CA-Related Overgrowth Spectrum

Treatment Dosage Indication Mechanism

Alpelisib
(VIJOICE®) 1

Treatment regimen in persons age 2 to <18 yrs:

• Initial dose 50 mg taken orally 1x/day 2 

w/food
• In those age ≥6 yrs, dose may be ↑ to 

125 mg 1x/day after 24 wks of 
treatment. 3

Treatment regimen in persons ≥18 yrs: 250 mg 
taken orally 1x/day 1 w/food

The treatment of adult & pediatric 
patients age ≥2 yrs w/severe 
manifestations of PROS who 
require systemic therapy

PI3K inhibitor

PROS = PIK3CA-related overgrowth spectrum
1. This medication has been approved specifically for the reduction of overgrowth, vascular lesions, and other functional complications. 
To date, it is unknown whether this drug has any efficacy in treating the neurologic manifestations of PROS (as, e.g., in MCAP 
syndrome).
2. The tablet should be taken at approximately the same time every day
3. A dose reduction back to 50 gm/day may be considered in those with an adverse reaction on the higher dose.

Treatment – Supportive Care
Supportive treatment should ideally by provided through coordinated care from a multidisciplinary team 
including surgeons, radiologists, geneticists, dermatologists, pathologists, and hematologist/oncologist, the latter 
of whom are critical for emerging medical management and coordination of the associated long-term follow up 
[Adams & Ricci 2019, Dekeuleneer et al 2020, Canaud et al 2021, Douzgou et al 2022].

Table 7. Supportive Treatment of Manifestations in Individuals with PIK3CA-Related Overgrowth Spectrum

Manifestation/Concern Treatment Considerations/Other

Segmental 
overgrowth May require debulking surgery If functional limitations or pain are moderate to severe

Leg length 
discrepancy Standard treatment per orthopedist May require a shoe lift if length discrepancy >2 cm

Megalencephaly/ 
Ventriculomegaly

Standard treatment per neurosurgeon; may incl 
ventriculoperitoneal shunting or 3rd 
ventriculostomy

• If signs & symptoms of obstructive 
hydrocephalus or ↑ intracranial pressure

• Hydrocephalus may be more successfully treated 
in those w/MCAP via a 3rd ventriculostomy 
[Author, personal observation].

Cerebellar tonsillar 
ectopia or Chiari 
malformations

Standard treatment per neurosurgeon; may incl a 
posterior fossa decompression

• If signs & symptoms of cerebellar ectopia or 
syringomyelia 1, 2

• Many affected persons have mild cerebellar 
tonsillar ectopia that may only require 
monitoring (see Surveillance).

Epilepsy 3

Standardized treatment w/ASM by experienced 
neurologist or epileptologist

• Many ASMs may be effective; none has been 
demonstrated effective specifically for this 
disorder

• Education of parents/caregivers 4

Consideration of hemispherectomy or surgical 
resection of the epileptic focus 5

In those w/focal or supportive findings by 
neuroimaging, EEG, or clinical semiology of the seizure 
disorder

DD/ID See Developmental Delay / Intellectual Disability 
Management Issues.
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Table 7. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Psychiatric/ 
Behavioral

Standard treatment per psychiatrist &/or 
developmental pediatrician See Social/Behavioral Concerns.

Polydactyly Consider removal of extra digits. Per orthopedist

Foot deformities / 
Splayed toes

Surgical intervention may be considered; per 
orthopedist To allow for shoes & improved function

Scoliosis Standard treatment per orthopedist

Vascular 
malformations

Depending on type of vascular malformations: 
sclerotherapy, laser therapy, or oral medications 
(e.g., sirolimus)

• See also Therapies Under Investigation.
• Capillary malformations seldom require mgmt; 

may fade w/time.

Structural heart 
defects / Arrhythmia Standard treatment per cardiologist

Lymphatic 
malformations Standard treatment per vascular anomalies team May incl careful surgical debulking or oral medications 

(See Therapies Under Investigation.)

Lipomas Careful surgical debulking of infiltrative masses, 
typically requiring multidisciplinary mgmt 6

Paraspinal & intraspinal extension pose significant risk 
for compression of the cord, thecal sac, & nerve roots.

Renal anomalies / 
Hydronephrosis

Standard treatment per urologist &/or 
nephrologist

Wilms tumor Standard treatment per oncologist

Coagulopathy or 
thrombosis

Standard treatment per hematologist depending 
on the coagulation issue; may incl anticoagulant 
therapy for thrombosis or fresh frozen plasma 
infusion for coagulopathy

Those w/CLOVES phenotype are at particular risk of 
developing a postoperative hypercoagulable state → 
thrombosis.

Pain

Evaluate for source of pain & treat underlying 
cause, e.g., vascular malformation, secondary 
effects of overgrowth (nerve impingement, 
compression of internal organs), or functional 
impairments.

Hypothyroidism Standard treatment per endocrinologist More likely in those w/MCAP or other forms of PROS 
that incl brain involvement 7

Hypoglycemia

• Depending on severity, treatment can 
range from infusion of IV glucose to 
administration of sugar-containing drinks 
or snacks to cornstarch therapy.

• In some instances of persistent 
hypoglycemia, glucagon injections may be 
considered.

• Primarily affects neonates, though some persons 
may develop hypoglycemia later in life.

• In severe, persistent hypoglycemia, eval of the 
GH axis & HPA axis is indicated.

If hypoglycemia is due to growth hormone 
deficiency, consideration of GH therapy

Limited data re efficacy of GH therapy & whether it is 
contraindicated in this population.

Growth hormone 
deficiency Consider a trial of GH therapy. 7

• Undertake careful follow up of linear growth & 
trajectory of overgrowth.

• Delay of GH therapy until after age 2 yrs has 
been suggested, avoiding the major period of 
brain growth.

• Further evidence is needed to determine relative 
risks & benefits of GH therapy in GH-deficient 
persons w/PROS. 7
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Table 7. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Family/Community

• Ensure appropriate social work 
involvement to connect families w/local 
resources, respite, & support.

• Coordinate care to manage multiple 
subspecialty appointments, equipment, 
medications, & supplies.

• Ongoing assessment of need for palliative care 
involvement &/or home nursing

• Consider involvement in adaptive sports or 
Special Olympics.

ASM = anti-seizure medication; DD/ID = developmental delay / intellectual disability; GH = growth hormone; HPA = hypothalamic-
pituitary-adrenal; OT = occupational therapy; PT = physical therapy
1. Infants may have irritability, excessive drooling, difficulty swallowing, or breathing problems, especially central apnea.
2. Children may have neck pain or headache, motor weakness, sensory changes, vision problems, swallowing difficulties, or behavioral 
changes.
3. The severity of epilepsy varies depending on the nature and extent of cortical malformations, type of PIK3CA pathogenic variant, 
and level of mosaicism.
4. Education of parents/caregivers regarding common seizure presentations is appropriate. For information on non-medical 
interventions and coping strategies for children diagnosed with epilepsy see Epilepsy Foundation Toolbox.
5. Di Rocco et al [2006], Kwan et al [2008], Jansen et al [2015]
6. Alomari [2009]
7. Douzgou et al [2022]

Developmental Delay / Intellectual Disability Management Issues
The following information represents typical management recommendations for individuals with developmental 
delay / intellectual disability in the United States; standard recommendations may vary from country to country.

Ages 0-3 years. Referral to an early intervention program is recommended for access to occupational, physical, 
speech, and feeding therapy as well as infant mental health services, special educators, and sensory impairment 
specialists. In the US, early intervention is a federally funded program available in all states that provides in-
home services to target individual therapy needs.

Ages 3-5 years. In the US, developmental preschool through the local public school district is recommended. 
Before placement, an evaluation is made to determine needed services and therapies and an individualized 
education plan (IEP) is developed for those who qualify based on established motor, language, social, or 
cognitive delay. The early intervention program typically assists with this transition. Developmental preschool is 
center based; for children too medically unstable to attend, home-based services are provided.

All ages. Consultation with a developmental pediatrician is recommended to ensure the involvement of 
appropriate community, state, and educational agencies (US) and to support parents in maximizing quality of 
life. Some issues to consider:

• IEP services:
⚬ An IEP provides specially designed instruction and related services to children who qualify.
⚬ IEP services will be reviewed annually to determine whether any changes are needed.
⚬ Special education law requires that children participating in an IEP be in the least restrictive 

environment feasible at school and included in general education as much as possible, when and 
where appropriate.

⚬ Vision and hearing consultants should be a part of the child's IEP team to support access to 
academic material.

⚬ PT, OT, and speech services will be provided in the IEP to the extent that the need affects the child's 
access to academic material. Beyond that, private supportive therapies based on the affected 
individual's needs may be considered. Specific recommendations regarding type of therapy can be 
made by a developmental pediatrician.
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⚬ As a child enters the teen years, a transition plan should be discussed and incorporated in the IEP. 
For those receiving IEP services, the public school district is required to provide services until age 
21.

• A 504 plan (Section 504: a US federal statute that prohibits discrimination based on disability) can be 
considered for those who require accommodations or modifications such as front-of-class seating, 
assistive technology devices, classroom scribes, extra time between classes, modified assignments, and 
enlarged text.

• Developmental Disabilities Administration (DDA) enrollment is recommended. DDA is a US public 
agency that provides services and support to qualified individuals. Eligibility differs by state but is typically 
determined by diagnosis and/or associated cognitive/adaptive disabilities.

• Families with limited income and resources may also qualify for supplemental security income (SSI) for 
their child with a disability.

Motor Dysfunction
Gross motor dysfunction

• Physical therapy is recommended to maximize mobility and to reduce the risk for later-onset orthopedic 
complications (e.g., contractures, scoliosis, hip dislocation).

• Consider use of durable medical equipment and positioning devices as needed (e.g., wheelchairs, walkers, 
bath chairs, orthotics, adaptive strollers).

• For muscle tone abnormalities including hypertonia or dystonia, consider involving appropriate specialists 
to aid in management of baclofen, tizanidine, Botox®, anti-parkinsonian medications, or orthopedic 
procedures.

Fine motor dysfunction. Occupational therapy is recommended for difficulty with fine motor skills that affect 
adaptive function such as feeding, grooming, dressing, and writing.

Communication issues. Consider evaluation for alternative means of communication (e.g., augmentative and 
alternative communication [AAC]) for individuals who have expressive language difficulties. An AAC evaluation 
can be completed by a speech-language pathologist who has expertise in the area. The evaluation will consider 
cognitive abilities and sensory impairments to determine the most appropriate form of communication. AAC 
devices can range from low-tech, such as picture exchange communication, to high-tech, such as voice-
generating devices. Contrary to popular belief, AAC devices do not hinder verbal development of speech, but 
rather support optimal speech and language development.

Social/Behavioral Concerns
Children may qualify for and benefit from interventions used in treatment of autism spectrum disorder, 
including applied behavior analysis (ABA). ABA therapy is targeted to the individual child's behavioral, social, 
and adaptive strengths and weaknesses and typically performed one-on-one with a board-certified behavior 
analyst.

Consultation with a developmental pediatrician may be helpful in guiding parents through appropriate behavior 
management strategies or providing prescription medications, such as medication used to treat attention-deficit/
hyperactivity disorder, when necessary.

Concerns about serious aggressive or destructive behavior can be addressed by a pediatric psychiatrist.
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Surveillance
Table 8. Recommended Surveillance for Individuals with PIK3CA-Related Overgrowth Spectrum

System/Concern Evaluation Frequency

Constitutional 
(overgrowth & 
generalized 
growth 
restriction)

Measurement of growth parameters, incl head 
circumference, length of arms, hands, legs, 1 & feet 2 At each visit

• Ultrasound or MRI follow up in those w/truncal 
overgrowth 2

• Radiographs of limbs in those w/overgrowth of a 
limb or portion of a limb

• Spinal MRI in those w/scoliosis or deformities 
that affect the spine

As clinically indicated

Neurologic

Serial head MRI imaging
Depending on severity of findings on 
initial assessment & degree of brain 
maturation 3

• Monitor those w/seizures as clinically indicated.
• Assess for new manifestations incl seizures, 

changes in tone, & other signs/symptoms of 
Chiari malformation. 4, 5 At each visit

Development Monitor developmental progress & educational needs.

Psychiatric/ 
Behavioral

Behavioral assessment for anxiety, attention, & 
aggressive or self-injurious behavior

At each visit in children, adolescents, 
& adults

Musculoskeletal
• Physical medicine, OT/PT assessment of 

mobility, self-help skills
• Clinical assessment for scoliosis At each visit

Gastrointestinal Abdominal palpation for organomegaly & abdominal 
masses

Vascular & 
lymphatic 
malformations

Clinical assessment & monitoring, ideally by a vascular 
anomalies team 6 As clinically indicated

Genitourinary Consideration of renal ultrasound Every 3 mos until age 8 yrs 7

Hematologic Hematology consultation w/recommendations for 
assessment for thrombosis & coagulopathy risk

After any surgical intervention, esp in 
those w/CLOVES phenotype &/or 
vascular malformations

Endocrinologic
Blood glucose monitoring; in those w/proven 
hypoglycemia, eval of the GH axis & HPA axis is 
indicated.

As clinically indicated for those w/
persistent hypoglycemia, particularly 
those who require ongoing treatment 
for hypoglycemia
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Table 8. continued from previous page.

System/Concern Evaluation Frequency

Family/ 
Community

Assess family need for social work support (e.g., 
palliative/respite care, home nursing, other local 
resources) & care coordination.

At each visit

GH = growth hormone; HPA = hypothalamic-pituitary-adrenal; OT = occupational therapy; PT = physical therapy
1. Including leg length discrepancy
2. If rapid growth of a specific body area is identified, consider targeted follow up, which may include other types of monitoring 
techniques, such as volumetric studies and angiography [Douzgou et al 2022].
3. For those with CNS overgrowth or dysplasia: brain MRI every six months until age two years and then annually until age eight years 
to monitor specifically for progressive hydrocephalus and Chiari malformation [Douzgou et al 2022]
4. Infants may have irritability, excessive drooling, difficulty swallowing, or breathing problems, especially central apnea.
5. Children may have neck pain or headache, motor weakness, sensory changes, vision problems, swallowing difficulties, or behavioral 
changes.
6. Team may include specialists in dermatology, interventional radiology, and hematology/oncology.
7. Tumor screening for Wilms tumor is controversial, given the studies that suggest a frequency of Wilms tumor of between 1.4% and 
3.3%. In the US, tumor screening is often undertaken if the tumor risk is 3% or greater. Further longitudinal studies are needed to 
evaluate the need for Wilms tumor screening in individuals with PROS.

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
Some studies have demonstrated the efficacy of the mammalian target of rapamycin (mTOR) inhibitor sirolimus 
for lymphatic diseases [Padilla et al 2019, Zenner et al 2019]. Ongoing understanding of the PI3K/AKT/mTOR 
signaling pathway and the natural history of PROS will provide the basis for developing new targeted 
therapeutic strategies. Systemic agents under investigation for PROS target different components of the PI3K 
signaling pathway. These include inhibitors of mTOR, AKT, and PI3K genes:

• Sirolimus has been investigated in several clinical trials in individuals with complex lymphatic anomalies, 
vascular malformations, and overgrowth disorders [Adams et al 2016, Hammer et al 2018, Adams & Ricci 
2019, Parker et al 2019, Van Damme et al 2020] (see ClinicalTrials.gov), some of whom had PROS. 
Sirolimus is currently used in an off-label capacity to treat these disorders [Seront et al 2019, Dekeuleneer 
et al 2020]. Sirolimus has shown efficacy in multiple Phase II studies for individuals with complicated 
vascular anomalies and individuals with PROS and progressive overgrowth [Adams et al 2016, Erickson et 
al 2017, Hammer et al 2018, Parker et al 2019, Ricci et al 2019].

• Miransertib, an AKT1 inhibitor, has been studied in clinical trials for expanded access, and in Phase I/II 
clinical trials [Wassef et al 2015, Zampino et al 2019].

Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this 
disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.
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Mode of Inheritance
PIK3CA-related overgrowth disorders (PROS) are not known to be inherited, as most identified pathogenic 
variants are somatic (mosaic). No confirmed vertical transmission or sib recurrence has been reported to date.

Risk to Family Members
Parents of a proband

• Parents of children with somatic mosaicism for a pathogenic variant in PIK3CA have not been reported to 
have any significant distinctive manifestations of the disorder, nor would such findings be expected given 
the somatic nature of these genetic alterations.

• Theoretically, a parent of a child with PROS caused by a de novo germline PIK3CA pathogenic variant may 
have germline mosaicism for the PIK3CA pathogenic variant. The theoretic risk for parental germline 
mosaicism is estimated to be less than 1%.

Sibs of a proband

• The risk to sibs of a proband with somatic mosaicism for a pathogenic variant in PIK3CA would be 
expected to be the same as in the general population.

• The risk to sibs of a proband with a de novo germline PIK3CA pathogenic variant is slightly greater than 
that of the general population because of the theoretic risk (estimated to be <1%) of parental germline 
mosaicism.

Offspring of a proband

• Reproductive outcome data on adults with PROS are limited; there are no instances of vertical 
transmission of these disorders. While adults with PROS have been reported, the developmental outcome 
of affected individuals is unknown. Individuals with significant neurologic involvement (e.g., DMEG, 
HMEG) have a poor prognosis.

• All but a few affected individuals with PROS have had somatic mosaicism for a PIK3CA pathogenic 
variant, suggesting that mutation occurred post fertilization in one cell of the multicellular embryo. 
Therefore, the risk for transmission to offspring is expected to be less than 50%.

• Several individuals with PROS have had a de novo germline pathogenic variant in PIK3CA [Rivière et al 
2012, Mirzaa et al 2016]. The offspring of individuals with a constitutional germline PIK3CA pathogenic 
variant have a 50% risk of inheriting the pathogenic variant.

Other family members. The risk to other family members is the same as that of the general population.

Related Genetic Counseling Issues
Family planning

• Counseling for recurrence risk in PROS should emphasize that, while no pregnancy is at zero risk, all 
empiric evidence suggests that the risk for recurrence in sibs of a proband is not increased over that of the 
general population, due to the mosaic nature of most of these disorders. The rare families with PROS 
caused by a de novo germline PIK3CA pathogenic variant should be counseled regarding the theoretic risk 
for parental germline mosaicism (~<1%).

• The optimal time for determination of genetic risk is before pregnancy.
• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 

reproductive options) to young adults who are affected.
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Prenatal Testing and Preimplantation Genetic Testing
Molecular genetic testing. Because vertical transmission of PROS has not been reported to date, family 
members are not known to be at increased risk of being affected and prenatal diagnosis and preimplantation 
genetic testing are usually not indicated for family members. However, low-level germline mosaicism may 
theoretically be present in a parent of a child with a germline PIK3CA pathogenic variant. Prenatal testing or 
preimplantation genetic testing may be an option for such rare families.

In addition, molecular genetic prenatal testing may be an option for pregnancies identified by ultrasound 
examination to be at risk for PROS.

• Findings on ultrasound examination that suggest MCAP syndrome include marked fetal overgrowth and 
progressive macrocephaly with no indication of maternal hyperglycemia or fetal hyperinsulinism. Other 
reported fetal ultrasound findings include ventriculomegaly, pleural effusions, polyhydramnios, hydrops, 
limb asymmetry, and frontal bossing [Nyberg et al 2005]. A fetal MRI in an affected fetus with 
megalencephaly and ventriculomegaly revealed diffuse bilateral polymicrogyria and polysyndactyly of one 
foot [Gripp et al 2009].

• Findings on prenatal ultrasound examination in CLOVES syndrome include prenatal overgrowth, 
lipomatous truncal masses, and vascular or lymphatic malformations [Sapp et al 2007, Alomari 2009, 
Alomari 2011].

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• CLOVES Syndrome Community
PO BOX 406
West Kennebunk 04094
Phone: 833-425-6837
Email: info@clovessyndrome.org
www.clovessyndrome.org

• M-CM Network
PO Box 97
Chatham NY 12037
Phone: 518-392-2150
Email: hello@m-cm.net
www.m-cm.net

• M-CM Network Contact Registry
The M-CM Network contact registry will be used to inform individuals with M-CM and their guardians 
about: opportunities to participate in research, opportunities to contribute data, and discoveries about M-CM 
that may impact care decisions.
Contact Registry
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Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. PIK3CA-Related Overgrowth Spectrum: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

PIK3CA 3q26.32 Phosphatidylinositol 4,5-
bisphosphate 3-kinase catalytic 
subunit alpha isoform

PIK3CA database PIK3CA PIK3CA

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for PIK3CA-Related Overgrowth Spectrum (View All in OMIM)

155500 MACRODACTYLY

162900 NEVUS, EPIDERMAL

171834 PHOSPHATIDYLINOSITOL 3-KINASE, CATALYTIC, ALPHA; PIK3CA

602501 MEGALENCEPHALY-CAPILLARY MALFORMATION-POLYMICROGYRIA SYNDROME; MCAP

612918 CONGENITAL LIPOMATOUS OVERGROWTH, VASCULAR MALFORMATIONS, AND EPIDERMAL NEVI

613089 CAPILLARY MALFORMATION OF THE LOWER LIP, LYMPHATIC MALFORMATION OF FACE AND NECK, 
ASYMMETRY OF FACE AND LIMBS, AND PARTIAL/GENERALIZED OVERGROWTH

615108 COWDEN SYNDROME 5; CWS5

Molecular Pathogenesis
PIK3CA-related overgrowth spectrum disorders are typically caused by postzygotic somatic variants in the gene 
that encodes phosphatidylinositol-3-kinase (PI3K) catalytic subunit alpha (p110alpha) [Engelman et al 2006]. 
These variants are associated with hyperactivation of the PI3K signaling pathway, which includes multiple 
downstream effectors such as AKT and mTOR, resulting in abnormal growth of various tissues and vascular 
malformations.

The PIK3CA protein is critical for the action of insulin to lower blood glucose, and for the action of insulin-like 
growth factor 1 (IGF1), which promotes tissue growth through a receptor closely similar to the insulin receptor, 
and which mediates many actions of growth hormone. Pathologically activated PIK3CA may mimic the action 
of insulin and/or IGF1 in cells. For such a mechanism to translate into a clinically important endocrinopathy, 
target tissues need to harbor a high variant burden. This mechanism may explain why some affected infants have 
clinical features similar to hyperinsulinism.

Mechanism of disease causation. Gain of function

PIK3CA-specific laboratory technical considerations. Because most affected individuals having a mosaic 
PIK3CA pathogenic variant, use of custom restriction fragment length polymorphism (RFLP) assays or digital 
droplet PCR on an appropriate sample may be necessary. Standard-depth exome sequencing can miss mosaic 
PIK3CA variants, especially if performed on blood-derived DNA.

• In order to detect new or very rare variants, sequencing of entire exons is typically necessary.
• Sanger sequencing can be used only if the pathogenic variant allele fraction is relatively high (~20%).
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• Targeted capture of the entire PIK3CA coding region followed by next-generation sequencing at very deep 
coverage may be better suited for somatic variant detection, as it allows for detection of very low levels of 
mosaicism throughout the gene.

• In MCAP syndrome, sequence analysis of DNA derived from saliva or skin fibroblasts (whether visibly 
affected or not) has a higher detection rate than peripheral blood-derived DNA [Mirzaa et al 2016].

• In focal brain overgrowth disorders (HMEG, FCD, DMEG), analysis of DNA derived from affected brain 
tissues (for example, removed at the time of epilepsy surgery) has a higher detection rate than peripheral 
tissues (blood or saliva) [Jansen et al 2015].

Table 9. Notable PIK3CA Pathogenic Variants

Reference Sequences DNA Nucleotide
Change

Predicted
Protein Change Comment Reference

NM_006218.4

c.1624G>A p.Glu542Lys

Mutational hot spots assoc w/highly focal phenotypes 
& more severe epilepsy when present in the brain 1

D'Gama et al [2015]

c.1633G>A p.Glu545Lys Rivière et al [2012]

c.3140A>G p.His1047Arg D'Gama et al [2015]

c.3141T>A p.His1047Lys Kuentz et al [2017]

Variants listed in the table have been provided by the authors. GeneReviews staff have not independently verified the classification of 
variants.
GeneReviews follows the standard naming conventions of the Human Genome Variation Society (varnomen.hgvs.org). See Quick 
Reference for an explanation of nomenclature.
1. CLOVES syndrome, fibroadipose hyperplasia, lymphatic/vascular malformations, hemimegalencephaly, and focal cortical dysplasia 
(See Genotype-Phenotype Correlations.)

Cancer and Benign Tumors
PIK3CA is somatically mutated in many cancers including colorectal, ovarian, breast, hepatocellular carcinomas, 
and glioblastomas. These PIK3CA pathogenic variants are located mostly at hot spots within the kinase domain 
(encoded by exon 20), and result in gain of function implicated in oncogenicity [Samuels et al 2004, Ikenoue et 
al 2005, Kang et al 2005].

Most (>80%) activating PIK3CA pathogenic variants in cancer (Table 10) and PROS (Table 9) cluster at three hot 
spots: two glutamic acid (Glu) residues at codons 542 and 545, and a histidine (His) residue at codon 1047. The 
distribution of PIK3CA pathogenic variants in cancer was obtained from the Catalogue of Somatic Mutations in 
Cancer (COSMIC, v85, May 2018). PIK3CA pathogenic variants in PROS comprise published cases from larger 
cohort studies. The risk for tumorigenesis and development of malignancies is a theoretic concern because 
PIK3CA is somatically mutated or overexpressed in many cancers. The pathogenic variants in PIK3CA in 
cancers and in a large proportion of individuals with PROS (especially those with the phenotypes of CLOVES, 
fibroadipose hyperplasia, and isolated macrodactyly) are most commonly located at hot spots within the helical 
and kinase domains.

Among the approximately 160 PIK3CA pathogenic variants listed in the Catalogue of Somatic Mutations in 
Cancer (COSMIC), common variants in three amino acids (p.Glu542Lys, p.Glu545Lys in exon 9, and 
p.His1047Arg and p.His1047Leu in exon 20) account for 80% of tumor-associated PIK3CA variants and show 
the highest oncogenic activity [Samuels et al 2004, Samuels & Ericson 2006, Janku et al 2012]. See Table 10.
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Table 10. Common Cancer-Related PIK3CA Variants Reported in COSMIC Database

Reference Sequences DNA Nucleotide
Change

Predicted
Protein Change

# of Cancer Specimens
with Pathogenic Variant

PIK3CA ENST00000643187 
NM_006218.4

c.1625G>A p.Glu542Lys 633

c.1633G>A p.Glu545Lys 977

c.3140A>G p.His1047Arg 1680

c.3140A>T p.His1047Leu 201

COSMIC: Catalogue of Somatic Mutations in Cancer
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