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Complex Lymphatic Anomalies (CLA) are characterized by idiopathic boney lesions caused by abnormal lymphatic
invasion. The lymphatic network is a one-way system mainly responsible for maintaining fluid homeostasis, lipid
absorption, and immune surveillance. CLAs include four diseases with overlapping and distinct clinical features:
Gorham-Stout Disease (GSD), General Lymphatic Anomaly (GLA), Kaposiform Lymphangiomatosis (KLA), and
Central Conducting Lymphatic Anomaly (CCLA).In order to highlight the known bone involvement of each CLA,

their osteopathic phenotypes are described and illustrated below.

lymphatic bone lymphangiogenesis

| 1. Gorham Stout Disease (GSD)

GSD, also known as “vanishing bone disease”, is an extremely rare condition characterized by idiopathic and
progressive osteolysis affecting one or more bones 2, The defining characteristic of GSD is the presence of both
cortical and trabecular bone loss caused by progressive invasion of lymphatics into bone (Figure 1) Bl. While other
CLAs only develop trabecular bone loss, GSD patients present both cortical and trabecular osteolysis. GSD
typically involves one or few bones in a regional distribution. Functional consequences of GSD are determined by
the anatomical location and progression of the disease. Major symptoms of GSD patients include bone pain,
inflammation, limited movement, skeletal deformity, and chylothorax MBI, Chylothorax (accumulation of lymphatic
fluid in the thoracic cavity) is a potentially life-threatening complication shared by all CLAs. Skull involvement and
fractures are more prevalent in GSD compared with other CLAs [4l8l Affected bone structures are filled with
infiltrative soft tissue significantly more in GSD than other CLAs BIBl. Chylothorax and spinal instability caused by
progressive osteolysis is linked to 33-55% of GSD patient deaths [Z. The mortality of this condition has been
shown to be around 13.3%, which indicates a relatively good prognosis due to spontaneous arrest of disease
progression 8. However, the prognosis becomes worse if the spine or thorax is involved due to the risk of

neurological complications or chylothorax I,
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Figure 1. Visual representation of symptoms associated with Gorham-Stout Disease (GSD). GSD patients have
regionally aggressive bone loss caused by abnormal lymphatic invasion (A). During GSD, both cortical and

trabecular bone are resorbed due to lymphatic invasion (B).

Recently, a gain-of-function somatic mutation in KRAS (p.G12V) of GSD LECs has been shown to cause lymphatic
malformations through hyperactivation of the RAS-MEK pathway LILLI2] This pathway is commonly implicated in
abnormal lymphangiogenesis and several cancer types, including breast, colorectal, and liver 22, Most recently, a
mouse model with a similar activating somatic mutation in KRAS (p.G12D) was found to mimic the abnormal
lymphatics and bone invasion identified in GSD patients L9 Despite the recent advancements, further work is
necessary to elucidate how this interaction between lymphatics and bone leads to progressive lymphatic growth

and osteolysis.

| 2. General Lymphatic Anomaly (GLA)

GLA is characterized by diffuse lymphatic invasion with dilated lymphatic vessels that affect a variety of soft tissues
and bone B4l |n contrast to GSD, GLA has a generalized distribution with multiorgan involvement containing lytic
trabecular boney lesions (Figure 2). The axial skeleton is commonly affected in GLA with a focus on the ribs and
spine. This variable presentation affecting multiple sites in the body makes it hard to diagnose due to the variety of
symptoms varying from case to case. GLA can occur at any age, often presenting with the highest in children and
teenagers with symptoms presenting before the age of 20 B3 Thoracic involvement is a common and serious
complication in patients diagnosed with GLA. A poorer prognosis is observed when there is a pleural effusion into

soft tissues such as the lungs, heart, or peritoneum [BIL8IL7],
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Figure 2. Visual representation of symptoms associated with Generalized Lymphatic Anomaly (GLA) and
Kaposiform Lymphangiomatosis (KLA). GLA and KLA patients have generalized trabecular lytic lesions and
lymphatic invasion in the thoracic cavity (A). Multifocal trabecular invasion is a common phenotype in GLA/KLA

patients (B).

| 3. Kaposiform Lymphangiomatosis (KLA)

KLA is a particularly aggressive subtype of GLA that uniquely presents with spindle endothelial cells throughout the
malformed lymphatic channels B8 K| A displays a progressive involvement with severe morbidity and a high
mortality rate. In a retrospective study of 20 patients between 1995 and 2011, the 5-year survival rate was reported
to be 51%, with an overall survival rate of 34%; the cause of death in most instances is due to cardiorespiratory
failure caused by consumptive coagulopathy [2&. This highly aggressive subtype presents at a young age, and
many complications can arise, including organ failure, pleural and pericardial effusions, ascites, pain, and boney

osteolysis 71,

The bones affected in KLA reside mainly in the thoracic cavity, and the bone involvement is similar to GLA (Figure

2). While KLA and GLA patients present with similar boney phenotypes, a defining feature that KLA displays its
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ability to affect multiple organs with pleural effusions, ultimately leading to respiratory distress in the thoracic cavity
Bl KLA diagnosis exhibits lymphatic channels with focal areas of spindle-shaped “kaposiform” endothelial cells,
positive for Podoplanin and PROX-1 (markers for lymphatic tissue) 221, KLA exhibits many features of GLA, such
as nonprogressive lesions in bone’s medullary cavity, widespread lymphangiomatosis, and multifocal lymphatic

malformations that involve the bones, viscera, thoracic, and abdominal cavities [18](19],

KLA is caused by mutations in the RAS viral oncogene homolog (NRAS) and Cbl Proto-oncogene (CBL) genes
identified in patient tissue biopsies L7[201211[22][23]  Because tissue biopsy may involve surgical intervention near
vital organs that could lead to significant complications worsening the disease, the use of noninvasive diagnostics
for KLA is warranted. Elevated Angiopoietin-2 (Ang-2) (a protein involved in blood vessel maturation and stability)
was found to serve as a reliable biomarker for KLA 24251 |n addition, Ang-2 levels normalize upon successful
treatment suggesting its potential to track disease progression 28, Interestingly, Ang-2 has been reported to have a
negative effect on vessel maturation and stability [27. Despite these discoveries, further research is necessary to

determine Ang-2's involvement in KLA pathogenesis.

| 4. Central Conducting Lymphatic Anomaly (CCLA)

CCLA, also known as channel-type LM, is a rare subset of disorders that are caused by dysfunction of the thoracic
duct and/or cisternae chylae. These result in reflux and leakage of lymphatic fluid around the lungs, heart,
abdomen, and legs, often with lymphedema involving bilateral lower extremities (28, CCLA's distinguishing clinical
feature consists of dilated central conducting lymphatic channels that lead to improper fluid transport (Figure 3).
Common complications include chylothorax, pulmonary lymphangiectasia, chylous ascites, protein-losing
enteropathy, lymphedema, cutaneous vesicles, or superficial chylous leaks [22. Boney lesions have also been
reported in patient vertebrae 281, These osseous changes include focal areas of hyperlucency due to dilated
intraosseous lymphatic channels with a more permeative appearance (unpublished observations and personal
communication with Dr. Michael Kelly). CCLA can occur at any age; however, the majority of cases are reported in
pediatric patients below the age of 20. CCLA has been recently classified as a CLA due to multiorgan invasive

profile, yet it is commonly referred to as channel-type lymphatic malformation.
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Figure 3. Visual representation of symptoms associated with Central Conducting Lymphatic Anomaly. CCLA
patients fail to transport lymphatic fluid and suffer from dilated thoracic ducts. Dilated ducts invade proximal tissue

and can cause boney lesions (A). Channel-like osseous lesions are found in the trabecular bones (B).
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