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Objectives: To describe the clinical presentation of lymphatic malformations (LM) and genotypically associated disorders
and to summarize the recent literature regarding the genetic etiology of LM and provide a biologic correlation to medical and
surgical management.

Results: LM are congenital lesions derived from a developmental abnormality of the lymphatic vessels. The severity of
disease varies widely and complications can occur with higher staged disease and those associated with a known constellation
of symptoms. Somatic mutations of the PIK3CA gene have been found to be an etiologic factor in the development of LM and
associated overgrowth syndromes. Sirolimus is a mammalian target of rapamycin (mTOR) inhibitor that inhibits the pathway
downstream of PIK3CA. Preliminary studies in select groups of patients suggest that sirolimus has a role in the medical man-
agement of certain aspects of this disease.

Conclusions: Discovery of LM molecular genetics has led to the possibility of targeted therapies and highlights the impor-
tance of precision medicine in rare diseases. Identifying genetic mutations in larger cohorts of patients with LM will lead to
additional insights. Knowledge of the genetic basis for disease can then lead to discovery of directed medical therapy. A specific
molecular diagnosis can also help families understand better why their child is different and provide accurate counseling for
subsequent pregnancies.

Key Words: Lymphatic malformation, genetics, sirolimus, overgrowth syndrome, molecular genetics, bone, somatic muta-
tion, activating mutation, lymphocytopenia.

Level of Evidence: 6

CLINICAL CHARACTERISTICS
OF LYMPHATIC MALFORMATIONS

Vascular anomalies are grouped into “vascular tumors”
and “vascular malformations.” Vascular tumors, which
include infantile and congenital hemangiomas, are hyper-
plastic, proliferative lesions. To identify literature pertinent
to this report a search was conducted in Ovid MEDLINE
and EMBASE, 1995 to June 2018, using a combination of
controlled vocabulary and key words for the concepts of all
therapeutic interventions for vascular anomalies. Informa-
tion from this search regarding lymphatic malformations
and overgrowth conditions was used to create this report.
Vascular malformations are lesions that demonstrate

abnormal vascular development and structure.1 Isolated
lymphatic malformations (LM) are congenital, arising from
disordered lymphatic vessel growth, structure and func-
tion.2 The incidence is 1 in 2000 to 4000 live births and 75%
occur in the head and neck region.3–5 LM can be divided
radiographically into microcystic lesions (cysts <2 cm) or
macrocystic lesions (cysts ≥2 cm).6 Clinically, head and neck
LM (HNLM) are staged based on whether or not the HNLM
is unilateral or bilateral and the location of the lesion in
relationship to the hyoid bone. Higher staged (4 or 5) HNLM
represent 15% of all malformations and have a higher rate
of surgical complications and a poorer prognosis.7,8

LYMPHATIC MALFORMATION RELATED
TO SYNDROMES

Staging HNLM allows lesion categorization based on
disease severity which has been correlated with treatment
needs and outcomes.8 Though the majority of HNLM occur
spontaneously, outside of the head and neck, there are vari-
ous syndromes and conditions associated with abnormal
lymphatic tissue and a spectrum of other phenotypic char-
acteristics, which in some cases have been shown to be
genotypically related to HNLM (Table I). Many of these
syndromes have associated locoregional limb or organ over-
growth, similar to facial skeletal overgrowth that occurs in
some HNLM. For example, Klippel-Trenaunay syndrome
(KTS) includes capillary malformation, aberrant veins, limb
overgrowth, and LM. Patients with KTS can also experience
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chronic pain, depression, and thrombosis which can require
more extensive treatment.9 CLOVES syndrome is associ-
ated with congenital/lipomatous overgrowth, lymphatic/ca-
pillary/venous vascular malformations, epidermal nevi,
skeletal, and spinal anomalies. The lipomatous overgrowth
is often severely disfiguring and can cause scoliosis and
restrictive lung disease. Hydrocephalus, Chiari malforma-
tions, and epilepsy can also accompany CLOVES.10 Fibroa-
dipose hyperplasia is described as fibrofatty overgrowth in
anatomic regions with or without LM.10 The overgrowth
causes disfigurement and functional compromise. Some less
defined congenital conditions are associated with progres-
sive bone loss that can also be associated with HNLM.8,11

Gorham-Stout syndrome or lymphangiomatosis is a rare,
lymphatic disorder that is associated with osteolysis. Also
called “vanishing bone disease,” this syndrome can lead to
pathologic fractures, pain and swelling of the involved
areas, and can involve any bone in the head and neck.12

UNEXPLAINED FEATURES OF HEAD AND
NECK LYMPHATIC MALFORMATIONS

HNLM can be associated with chronic pain, disfigure-
ment, ulcerations, infection, coagulopathies, bone over-
growth, progressive osteolysis, and even death.13 Large,
high-stage HNLM cause significant morbidity and mortality
via airway obstruction or airway bleeding, facial skeletal
overgrowth and recurrent infections. Lesion persistence and

disfigurement following large HNLM treatment extends
beyond the mass itself as there is also adjacent tissue and
bony overgrowth.14 Due to this soft and bony tissue over-
growth, excision or ablative treatment of the lesion will not
completely rid the patient of the residual asymmetry or
overgrowth, making current therapy inadequate. The fac-
tors causing association of some HNLM with progressive
bone loss, chronic pain, and hematologic abnormalities,
such as lymphocytopenia, are currently unknown.

GENETIC ETIOLOGY OF HEAD AND NECK
LYMPHATIC MALFORMATION

Within the past decade, the genetic etiology of
HNLM and other rare overgrowth conditions has been
explored and have led to a better understanding of the
formation of these lesions, why treatment has not always
been effective, and possible new treatment options.15

Genetic mutations can be divided into somatic or germ-
line mutations.15 Germline mutations are alterations in
the genetic sequence of the gamete, involve all cells in the
organism and can be passed on to future generations.
Somatic mutations are post-zygotic DNA variations occur-
ring after fertilization that are more difficult to detect
without the use of advanced DNA sequencing technolo-
gies.15 These mutations are passed on to the progeny of
the surviving affected cell; however, the passing of the
mutation to the offspring of the individual depends on
whether or not the gonads receive the mutation.16

The most commonly identified mutations found in
vascular anomalies involve the tyrosine kinase receptor
signaling pathway (Fig. 1). Through this signaling, the
RAS or phosphatidylinositol-4,5-bisphosphate 3-kinase
(PI3K) pathway can be activated. The most commonly
associated mutation in HNLM is a postzygotic somatic
mutation in the phosphatidylinositol-4,5-bisphosphate
3-kinase, catalytic subunit alpha (PIK3CA) gene.17 Three
locations or “hotspots” within PIK3CA are frequently

TABLE I.
International Society for the Study of Vascular Anomalies
2014 Classification Scheme and Associated Genetic Basis.

LM

Primary lymphedema -

Nonne-Milroy syndrome FLT4/VEGRFR3

Primary hereditary lymphedema VEGFC

Primary hereditary lymphedema GJC2/CX47

Lymphedema-distichiasis FOXC2

Hypotrichosis-lymphedema-telangiectasia SOX18

Primary lymphedema with myelodysplasia GATA2

Primary generalized lymphatic anomaly CCBE1

Microcephaly with/without chorioretinopathy KIF11

Lymphedema or mental retardation syndrome -

Lymphedema-choanal atresia PTEN14

Vascular Malformations associated with other anomalies

Klippel-Trenaunay syndrome -

Parkes Weber syndrome RASA1/EPHB4

Servelle-Martorell syndrome -

Sturge-Weber syndrome GNAQ

Limb capillary malformation + congenital
nonprogressive limb overgrowth -

Maffucci syndrome -

Megalencephaly with Capillary Malformations PIK3CA

Microcephaly with Capillary Malformations STAMBP

CLOVES syndrome PIK3CA

Proteus syndrome AKT1
Bannayan-Riley-Ruvalcaba

syndrome/Cowden Syndrome PTEN

Fig. 1. PI3K pathway leading to cell growth and proliferation.
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involved in sporadic human cancers and are thought to
enhance tissue overgrowth.18–20 Samples of affected tissue
from patients with isolated HNLM, CLOVES, KTS, or
fibroadipose hyperplasia are required to detect PIK3CA
hotspot mutations.21 The majority of the tissue samples
revealed activating hotspot mutations in PIK3CA.21 Inter-
estingly, these exact same mutations are some of the most
commonly identified mutations in a large number of
human cancers. It is unknown why PIK3CA mutations
that occur during early embryonic development can lead to
the mosaic, vascular overgrowth phenotypes, and yet the
exact same mutations occurring in adult tissues can pro-
mote tumorigenesis. Clearly, there is much to discover
regarding the molecular pathophysiology of these enti-
ties.22 Future work is necessary to understand the molecu-
lar pathophysiology of PIK3CA and how it contributes to a
variety of rare conditions that occur throughout the body,
not just the head and neck.

THERAPY FOR HEAD AND NECK LYMPHATIC
MALFORMATIONS BASED ON
MALFORMATION GENOTYPE

The treatment options for HNLM have included sur-
gical resection, laser therapy, and sclerotherapy ablation.
With the application of molecular genetics to HNLM, the
possibility of targeted primary or adjunctive medical ther-
apy and/or surgery has become real. As previously stated,
LM tissue and associated overgrowth can recur after ini-
tial treatment and may be difficult to completely eradi-
cate.8,23 Targeted medical therapy to cells with activating
somatic mutations, as determined with directed genetic
testing, could theoretically aid in regression or prevention
of disease recurrence.17 Rapamycin, also known as siroli-
mus, is a macrolide produced by Streptomyces hygroscopi-
cus. This drug inhibits a downstream component of the
PI3K pathway, mTOR, an acronym for the “mammalian
target of rapamycin” (Fig. 1).24 The mTOR enzyme is the
master switch for cellular growth or destruction.24 Inhibi-
tion of mTOR is effective in halting disease processes
related to cellular proliferation and has been widely used
to inhibit B- and T-cell activation to avoid posttransplant
rejection.25 Although many studies have focused on the
role of PI3K activation and inhibition in vascular endo-
thelial cells, it is important to keep in mind that siroli-
mus is an immunosuppressant, and it may have greater
than one mechanism of action in LM. Clinical response of
HNLM or LM associated syndromes/disorders such as
Gorham-Stout disease, kaposiform hemangioendothe-
lioma, combined lymphatico-venous malformation, pulmo-
nary lymphangectasia, generalized lymphangiomatosis,
and LM of the tongue to sirolimus has varied.26–33 Litera-
ture to date does not yet distinguish which patients are
the best candidates for sirolimus and what true benefits
it has. A phase 2 trial analyzed the outcomes after
empiric use of sirolimus in patients with complicated LM
throughout the body. This study showed a decreased inci-
dence of cellulitis and a decrease in hospitalized days and
frequency of infections. Metabolic toxicity (3%), gastroin-
testinal disturbance (3%), and blood/bone marrow abnor-
malities (27%) were the reported adverse effects of the

medication. Patients were included in the trial based on
their clinical presentation; genetic testing was not per-
formed to confirm a PIK3CA mutation. Another study
described 19 high-stage HNLM treated with sirolimus
and showed qualitative reduction of malformation size.
Additionally, oral mucosal bleeding and presence of muco-
sal vesicles improved in some cases.34

Currently, there is not enough evidence to identify
which patients would benefit most from sirolimus. It is
also unknown at what age and dose it is appropriate to
begin therapy and how to use this medication as an
adjunct to surgical excision.35 Directed genetic testing for
PIK3CA mutations in lesion tissue provide clues to which
patients will benefit from mTOR inhibition. Better under-
standing the pharmacology of sirolimus in the setting of
specific PIK3CA mutations in HNLM tissue is the only
way to predict the efficacy of sirolimus. It may be that
inhibition of other components of the PI3K pathway are
more effective for treatment of HNLM.36

Another consideration is genetic testing to direct
HNLM therapy with selective use of surgery to remove
all cells with mutations in smaller HNLM. There are
many phenotypic presentations of HNLM and some may
not need combined medical and surgical therapy; instead,
these lesions could be managed with surgical excision
alone, potentially avoiding any biologic agents and their
associated adverse effects. For large lesions that defy
complete removal, a combination of medical and invasive
therapy could allow for optimal treatment outcomes. Fur-
ther research is necessary to answer these questions.

CONCLUSIONS
The advent of sophisticated genetic testing has fur-

thered our understanding of HNLM and has introduced
directed treatment modalities. An objective molecular etiol-
ogy can also provide families and individuals with HNLMs
knowledge that can assist with coping and acceptance of
this disease. Creating standardized outcome measures to
systematically collect data for medical trial studies in vari-
ous LM populations is needed.37 Use of sirolimus as a medi-
cal treatment modality for HNLM has made the need for
standardized reporting all the more urgent. Precision medi-
cine bases treatment decisions on specific molecular, genetic
and other biologic factors unique to an individual patient’s
condition. HNLM research is making precision based treat-
ment a possibility for patients with HNLM and other rare
conditions with LM.
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