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Genotypes and phenotypes heterogeneity in PIK3CA-
related overgrowth spectrum and overlapping
conditions: 150 novel patients and systematic review
of 1007 patients with PIK3CA pathogenetic variants
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ABSTRACT

Background Postzygotic activating PIK3CA variants cause
several phenotypes within the PIK3CA-related overgrowth
spectrum (PROS). Variant strength, mosaicism level, specific
tissue involvement and overlapping disorders are responsible
for disease heterogeneity. We explored these factors in 150
novel patients and in an expanded cohort of 1007 PIK3CA-
mutated patients, analysing our new data with previous
literature to give a comprehensive picture.

Methods We performed ultradeep targeted next-generation
sequencing (NGS) on DNA from skin biopsy, buccal swab or
blood using a panel including phosphatidylinositol 3-kinase/
AKT/mammalian target of rapamycin pathway genes and
GNAQ, GNAT1,RASAT and TEK. Additionally, 914 patients
previously reported were systematically reviewed.

Results 93 of our 150 patients had PIK3CA pathogenetic
variants. The merged PROS cohort showed that PIK3CA
variants span thorough all gene domains, some were
exclusively associated with specific PROS phenotypes:
weakly activating variants were associated with central
nervous system (CNS) involvement, and strongly activating
variants with extra-CNS phenotypes. Among the 57 with a
wild-type PIK3CA allele, 11 patients with overgrowth and
vascular malformations overlapping PROS had variants in
GNAQ, GNATT, RASAT or TEK.

Conclusion We confirm that (1) molecular diagnostic
yield increases when multiple tissues are tested and by
enriching NGS panels with genes of overlapping ‘vascular’
phenotypes; (2) strongly activating PIK3CA variants are
found in affected tissue, rarely in blood: conversely, weakly
activating mutations more common in blood; (3) weakly
activating variants correlate with CNS involvement, strong
variants are more common in cases without; (4) patients
with vascular malformations overlapping those of PROS can
harbour variants in genes other than PIK3CA.
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Key messages

What is already known on this topic?

= The dlinical manifestations of overgrowth caused
by activating somatic mutations of PIK3CA are
numerous and clinically heterogeneous and are
collectively included in the umbrella acronym of
PROS (PI3KCA-related overgrowth spectrum).

What this study adds?

= This comprehensive systematic review of >1000
cases with PROS and PROS-like conditions shows
that defining clear-cut genotype/phenotype
correlations for all PROS entities is not possible.

= Just a few genotype/phenotype correlations
are possible, including by variants/domains
interested, variant activating strength and
variant allele frequency.

= Angiogenic signalling pathways genes can be
responsible for PROS-resembling phenotypes.

How this study might affect research, practice

or policy?

= A 10 hotspots tailored first-tier approach will
diagnose 70% of cases, reducing analytic costs,
the subsequent molecular approach should include
angiogenic signalling pathways genes to increase
the diagnostic yield.

= There is an urgent need to investigate phenotypes
overlapping PROS without a known genetic
alteration.

INTRODUCTION

Gain-of-function (GoF) somatic variants in the
phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit alpha (PIK3CA; MIM #171834)
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