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Abstract

Background: Generalized lymphatic anomaly previously known as diffuse systemic lymphangiomatosis is a rare
multisystem congenital disease arising from the lymphatic system, and it is characterized by abnormal proliferation of
the lymphatic channels in osseous and extraosseous tissues. It typically affects children or young adults. Although it

is benign, it can be misdiagnosed as malignancy because of its diffuse and debilitating nature depending on the site
of involvement. Due to its rarity, diagnosis is often delayed, leading to potential significant morbidity or mortality if
vital organs are involved. Furthermore, its potential for multiorgan involvement with no curative treatment makes its
management challenging.

Case presentation: We describe a case of a 35-year-old Caucasian female, who presented with epigastric pain and
was subsequently extensively investigated at multiple tertiary centers by numerous specialists for query malignancy
and metabolic bone disorder following incidental computed tomography imaging findings of multiple osteolytic
lesions in the axial skeleton, and low-attenuating lesions in the axilla, spleen, and mediastinum. The diagnosis was
confirmed with an axillary excisional biopsy. She was clinically stable with no end organ damage. She was monitored
conservatively.

Conclusions: The case illustrates the importance of increased awareness among clinicians for this rare congenital
disease to enable earlier diagnosis and to avoid unnecessary invasive investigations. Furthermore, this case highlights
the potential need for multiple biopsies of affected sites to confirm diagnosis. We also discuss the emergence of inter-
feron therapy, chemotherapy, immunosuppression, and immunotherapy as medical management for this condition.
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Background

Generalized lymphatic anomaly (GLA) is a rare nonneo-
plastic congenital condition characterized by abnormal
proliferation of lymphatic vessels resulting in dilated and
abnormally connected thin-walled lymphatic channels
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[1]. It can be localized involving a single organ, or more
commonly generalized affecting multiple organs with the
most common being the lungs and bones [2]. It typically
presents in children and young adults in the first two
decades of life [2, 3]. Its incidence is unknown given its
rarity, which poses diagnostic and therapeutic challenges.

Treatment for GLA is mostly supportive with no cura-
tive intent. Multiple treatment modalities have been
trialed in the literature, but there are no randomized tri-
als to date to determine standard of treatment given its
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rarity. Complicating matters is the broad and inconsistent
nomenclature in the literature, which includes GLA and
diffuse systemic lymphangiomatosis. However, emerging
data in treatment options are promising.

In this case report, we describe a previously healthy
35-year-old Caucasian female with incidental findings
of multiple axial skeletal osteolytic lesions, and multisys-
temic hypoattenuating lesions on computed tomography
(CT). The diagnosis was confirmed histologically by axil-
lary excisional biopsy. She was managed conservatively
with close monitoring.

Case presentation

A 35-year-old Caucasian female was referred to endocri-
nology for assessment and management of query malig-
nancy and metabolic bone disease. She was otherwise
healthy and had recently relocated to our center. She
was taking pantoprazole for suspected gastroesophageal
reflux disease but had otherwise no known chronic medi-
cal conditions. Her only other medications were oral con-
traceptive pill, calcium, and vitamin D3.

On detailed history, she initially presented to her fam-
ily physician 9 months prior with a 1-year history of non-
specific epigastric pain. She denied any constitutional
symptoms including fever, chills, or night sweats. How-
ever, she reported a remote episode of 10-1b weight loss
that she attributed to personal stress, which she regained
by the time she was assessed in the endocrinology clinic.
She denied bone or muscle pain, previous fragility frac-
tures or vertebral fractures, and changes in bowel or uri-
nary habits and stated that her menstrual cycles were
regular. She smoked marijuana regularly for the last
15 years and denied alcohol intake or tobacco use. Her
physical examination was significant for a palpable lymph
node in her left axilla, which was soft and immobile. The
rest of her physical examination was largely unremark-
able, with normal cardiovascular, respiratory, abdominal,
and screening endocrinological exam for thyroid nodules
and cushingoid appearance. She had no family history of
metabolic bone disorder. Her epigastric pain was felt sec-
ondary to gastroesophageal reflux disease, and she was
started on a trial of pantoprazole.

Her initial blood work with her family physician
revealed hemoglobin of 137 g/L, leukocytes of 5.6 x 10°/L
with normal differential, platelets of 192 x 10°/L, creati-
nine of 55 pmol/L, sodium of 143 mmol/L, potassium of
3.9 mmol/L, chloride of 107 mmol/L, sodium bicarbo-
nate of 26 mmol/L, aspartate aminotransferase (AST) of
12 U/L, alanine aminotransferase (ALT) of 14 U/L, alka-
line phosphatase (ALP) of 94 U/L, lactate dehydrogenase
(LDH) of 123 U/L, and mild elevation of both pancreatic
enzymes amylase and lipase. The elevated pancreatic
enzymes prompted a CT scan of her abdomen, which
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showed no radiologic evidence of pancreatitis, but
revealed multiple other findings including innumer-
able low-density splenic lesions, a horseshoe kidney, and
multiple osteolytic lesions throughout the axial skeleton.
These findings prompted referrals to hematology, medi-
cal oncology, and endocrinology for query malignancy
and metabolic bone disease.

Further blood work from consultants revealed absence
of monoclonal antibodies on serum and urine elec-
trophoresis, thyroid stimulating hormone (TSH) of
0.83 mIU/L, parathyroid hormone (PTH) of 3.7 pmol/L,
cancer antigen 15-3 (CA 15-3) of 10 kU/L, carcinoem-
bryonic antigen (CEA) of 2.8 ug/L, and a normal Papani-
colaou test. Blood work was remarkable for elevated
free kappa light chains of 26.42 mg/L with upper limit
of normal of 19.6 mg/L, elevated kappa-to-lambda
ratio of 2.14 with upper limit of normal of 1.65, and low
25-hydroxyvitamin D3 level at 21 nmol/L (reference
range 75-150 nmol/L).

Further imaging including a contrast-enhanced chest
CT demonstrated a 6.5 x 13.1 x 4.9 cm circumscribed
homogeneous hypodense soft tissue mass occupying the
anterior mediastinum extending from the thoracic inlet
to just inferior to the thyroid, multiple tiny lung hypoin-
tensities in a peribronchovascular distribution with slight
upper lobe predominance, a 1.8 c¢cm low-attenuating
lesion in the inferior margin of the left axilla, numerous
hypointense splenic lesions, and, again, numerous osteo-
lytic lesions in the axial skeleton (Fig. 1). Of these osteo-
lytic lesions, some had sclerotic margins with cortical
breach at the manubrium. This was further investigated
with a bone scan that found no scintigraphic evidence
of radiotracer uptake corresponding to the numerous
bone lesions (Fig. 2). Skeletal survey was also done, which
redemonstrated the lytic lesions in the axial skeleton,
with the most prominent lesion noted in the pelvis. Mag-
netic resonance imaging (MRI) of the chest confirmed
a cystic mass in the mediastinum, without evidence for
enhancement following administration of gadolinium
(Fig. 3A-D). MRI also confirmed a cystic lesion in the
left axilla (Fig. 3E) and showed multifocal well-circum-
scribed T2 hyperintense bone lesions in the spine and
pelvis (Fig. 3F, G). There was no evidence of spinal cord
compression or fractures seen on MRI. Additionally, MRI
demonstrated multiple T2 hyperintense splenic lesions,
which were too small to characterize but were suggestive
of cystic lymphangiomas (Fig. 3H). A bone mineral den-
sity study was obtained, and bone density and Z-score
were within the expected range for her age- and gender-
matched control. Thyroid ultrasound showed a sub-cen-
timeter left thyroid nodule with no suspicious features
of malignancy. She also received a mammogram that
showed no evidence of suspicious breast lesions.
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Fig. 1 Contrast-enhanced CT chest demonstrating a mediastinal mass and osteolytic bone lesions. A Scout film from a CT chest showing widening
of the mediastinum. B, C Contrast-enhanced CT chest coronal and axial views demonstrate a large anterior mediastinal low attenuating mass
extending to the thoracic outlet (white arrows). D CT axial view through the superior mediastinum showing a left axillary low-attenuating lesion
(grey arrow) and a well-defined osteolytic lesion in the manubrium (white arrow). E Sagittal view from the CT on bone window demonstrates
numerous well-defined osteolytic lesions with sclerotic margins (white arrows) in multiple vertebral bodies. F Axial CT of the upper abdomen
demonstrating numerous small splenic hypoattenuating lesions (black arrows)

Full upper and lower endoscopies were performed with
biopsies taken, all of which were negative for malignancy.
She was evaluated by the thoracic surgery service at an
outside institution for a CT guided fine-needle aspira-
tion (FNA) biopsy of the mediastinal mass. The results
ruled out malignancy, but the biopsy was not available
for review. Subsequently, she was assessed by the ortho-
pedics service, and an open bone biopsy of the left iliac

crest was performed. This showed normal bone marrow
cells with no primary or secondary malignancy. General
surgery was consulted for an excisional biopsy of the
left axillary lesion to confirm the diagnosis. Pathologi-
cal examination showed characteristic features includ-
ing dilated and cystic structures lined by endothelial cells
with no atypia or evidence of malignancy (Fig. 4). Taken
together, the constellation of radiological findings on CT
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Fig. 2 Whole body Tc99m-methylene diphosphonate (MDP)
scan. There were no scintigraphic correlates to the numerous
osteolytic lesions seen on CT and MRI. There was no evidence of

hypermetabolic osseous metastases

and MRI in addition to the pathology findings confirmed
the diagnosis of GLA.

She continued to do well on follow-up, and her epigas-
tric pain had resolved on a course of pantoprazole. She
did not suffer from any fractures or other local symptoms
related to her GLA and had no respiratory symptoms
despite the mediastinal mass. She was also counseled
about the importance of bone health measures with ade-
quate calcium in the diet and vitamin D3 supplements
as well as regular exercise to strengthen her bones. She
was counseled to seek medical attention if she developed
symptoms, with a plan to follow up in clinic yearly.

Discussion and conclusions

Since 2014, the term “diffuse systemic lymphangiomato-
sis” has been replaced with GLA to distinguish it from
multiple other congenital lymphatic malformations [4].
This group of lymphatic anomalies includes Gorham—
Stout disease (GSD), which is differentiated from GLA by
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its progressive osteolysis and bone cortex invasion [5, 6].
GLA is a rare condition arising from abnormal develop-
ment of lymphatic vessels resulting in thin-walled dilated
lymphatic channels that are abnormally interconnected
and could result in symptoms related to obstruction
and invasion of the adjacent vital structures. A previ-
ous case series of 53 patients with thoracic lymphangi-
omatosis demonstrated that 49% presented with pleural
effusion, 45% with pulmonary infiltrates, and 39% with
bone lesions [2]. It is debated whether there is an equal
distribution between genders. Alvarez et al. described a
74% male predominance of thoracic lymphangiomatosis,
while Schuster et al. claimed an equal distribution [2, 3].
Although it is benign, GLA can be debilitating because
of invasion and/or compression of the surrounding struc-
tures [2]. The prognosis is poor in children, with a mor-
tality rate of 39% in children less than 16 years of age,
whereas mortality is 0% in adults [2].

The etiology of this condition is unclear, but it is
thought to be caused by mutations affecting lymphoid
proliferation during intrauterine development before the
20th week of gestation leading to formation of benign
interconnected cysts containing lymph fluid [7]. Many
patients present in childhood or early adulthood. Earlier
disease is typically more aggressive and carries a pro-
foundly higher mortality rate as patients die from mul-
tiorgan failure as a result of lymphatic invasion to vital
organs [2].

Diagnosis is often delayed as it is usually discov-
ered incidentally when patients present with unrelated
symptoms such as those seen in our patient or when a
complication occurs such as fragility fractures. The first
clue is usually classical imaging features, suspected by
an experienced radiologist. GLA affects all the skeletal
and extraskeletal organs (except the brain) where there
are lymphatic channels. It can involve the skeleton,
lungs, mediastinum, spleen, liver, kidney, colon, and
retroperitoneum [5, 8—12]. When it involves multiple
organ systems, it can mimic advanced solid or hemato-
logic malignancy or metastasis [5]. Plain radiographic
imaging features of GLA includes radiolucent bone
lesions, which may progress to bone “disappearance,’
fragmentation, and fracture, which has been described
in GSD [13]. A chest radiograph may also demonstrate
chylous pleural effusions, mediastinal widening, or
soft tissue masses [14]. Whole body CT scan is impor-
tant to determine the extent of organ involvement. CT
findings may reveal well-demarcated osteolytic bone
lesions with a sclerotic margin, which can affect multi-
ple bones in proximity [5, 15]. These features were also
corroborated by our case, with involvement of multi-
ple vertebra and iliac bones. Soft tissue and parenchy-
mal organ involvement in GLA present as multicystic
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hyperintense lesions (black arrows)

Fig. 3 MRI demonstrating a large cystic mass in the anterior mediastinum (white arrows), a cystic lesion in the left axilla (grey arrow), as well as
numerous bone and splenic lesions (white arrowheads). Axial and Sagittal T1 fat-saturated images prior to administration of gadolinium (A, B)

and post-injection of gadolinium (C, D)demonstrate no features of enhancement of the mediastinal mass. Axial HASTE fat-saturated sequence (E),
sagittal STIR (F), and axial T2 fat-saturated sequence (G) demonstrate cystic nature of mediastinal mass, axillary mass, and multiple hyperintense
bone lesions involving the vertebra and iliac bones. H Axial HASTE fatsaturated sequence of the upper abdomen illustrates numerous small splenic

Fig. 4 Histology of the left axillary cystic lesion. A Dilated and cystic structures in the perinodal adipose tissue (low-power magnification). B
Attenuated endothelial cells lining with no cytologic atypia indicated by the black arrow (high-power magnification)

nonenhancing masses with microlobulated margins
and internal septation [5, 9]. Additionally, mesenteric
or pulmonary interstitial thickening, pulmonary nod-
ules, and pleural/pericardial effusions may be present
[14]. Ultimately, GLA can be diagnosed based on com-
plete history, physical examination, and radiographi-
cal findings. However, when biopsy is necessary, a
site that maximizes the likelihood of diagnosis and is
most amendable is pursued, which may be extraskel-
etal. When a skeletal biopsy is done, it shows bony
changes along with abnormal lymphatic channels that

stain positively for PROX-1 and D2-40 [1, 4]. Interest-
ingly, open bone biopsy of left iliac crest in our case did
not demonstrate these findings. Rather, the excisional
biopsy of the left axillary cystic lesion was diagnostic.
Treatment of this condition is conservative and tar-
geted towards symptom management and complications
if they develop. Currently, there are no curative treat-
ments, and management is primarily focused on relieving
symptoms and managing complications. Multiple treat-
ment modalities have been proposed in the literature
[16-31]. For asymptomatic solitary lesions, observation
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alone is reasonable. For symptomatic solitary lesions,
treatment with surgery, radiotherapy, or laser therapy
may be warranted [16—19]. However, for disseminated
disease, the role of surgery is often limited to biopsy to
establish diagnosis or symptomatic treatment for effu-
sions (for example, excision, sclerotherapy, radiotherapy,
pleurodesis) [16—19]. Alternatively, many modalities of
medical treatment have been proposed. These include
interferon therapy, chemotherapy, immunosuppression,
and immunotherapy [20-31].

Retrospective and prospective studies have shown that
mechanistic target of rapamycin (mTOR) inhibitors,
namely sirolimus, can induce a partial response resulting
in reduction of disease burden, leading to improvements
in quality of life [6, 20—22]. mTOR is a serine/threonine
kinase in the PI3K/AKT pathway that governs cellular
growth, proliferation, and angiogenesis. By inhibiting
mTOR, sirolimus can reduce bony disease and pericar-
dial and pleural effusions, and improve other quality-of-
life measures [6, 20-22]. Adams et al. conducted a phase
2 clinical trial enrolling 61 patients with confirmed vas-
cular anomalies of whom 7 had GLA. Of the seven GLA
patients, all had a 100% partial response defined as reduc-
tion in the size of the lesion by 20%, improvement in end
organ dysfunction, or improvement in self-reported qual-
ity-of-life score [6].

Alternatively, multiple case reports have investigated
tyrosine kinase inhibitors [23, 24]. Rossler et al. utilized
a regimen of sunitinib and taxol for two patients, one
with GLA presenting with respiratory failure and the
other with lymphatic malformation in GSD presenting
with back pain and swelling [23]. Sunitinib is a tyrosine
kinase inhibitor in the ras/raf/MAPK pathway, which
governs angiogenesis. Sunitinib was observed to result
in both clinical and radiographical improvements [23].
Subsequently, Libby et al. used imatinib for a patient with
progressive pulmonary disease who failed sirolimus and
sorafenib, an inhibitor of vascular endothelial growth fac-
tor (VEGF) [24]. Imatinib was observed to resolve the
patient’s dyspnea and hemoptysis [24]. Notably, inhibi-
tion of tyrosine kinase may be an alternative to or work
in a synergistic fashion to sirolimus [23]. Further research
is needed to delineate the role of each for treatment of
GLA [23].

Pegylated interferon alpha has also been reported as
a potential treatment modality in various case reports
[25, 26]. The proposed mechanism is through inhibi-
tion of proliferation and angiogenesis by downregula-
tion of VEGF [25]. Ozeke et al. reviewed 14 pediatric
cases with progressive lymphangiomatosis, in which
all but one presented with pulmonary involvement. All
were treated with interferon alpha, resulting in clini-
cal improvement in almost all patients [27]. Similarly,
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a more recent case series by Venkatramani et al. looked
at eight cases of GSD and found that all patients treated
with interferon alpha and bisphosphonates experienced
stabilization of bone disease [28].

Another promising treatment modality was published
by Grunewald et al. on their findings of bevacizumab—
a monoclonal anti-VEGF antibody—for the treatment
of lymphatic malformations [29]. Grunewald et al.
documented complete cessation of osteolysis and stable
disease even at follow-up after 27 months [28]. Further-
more, bevacizumab may also be used in the adult popu-
lation [30, 31]. Two additional case reports have since
been published that demonstrated objective clinical
improvements in patients given bevacizumab for dif-
fuse pulmonary lymphangiomatosis [30, 31]. Onyeforo
et al. treated a 51-year-old man with diffuse pulmonary
lymphangiomatosis and reported improvement in lung
function including FEV1, FVC, and DLCO [30]. Mean-
while, Aman et al. treated a 40-year-old female, leading
to resolution of hemoptysis and radiographical stability
[31].

In summary, GLA is a rare congenital condition that
can involve multiple organ systems except the brain.
Diagnosis is often challenging and delayed owing to its
nonspecific presentation and resemblance to malig-
nancy. It is diagnosed with a complete clinical assessment
and classical radiological features. When indicated, the
diagnosis can be confirmed with skeletal or extraskel-
etal tissue biopsy. As we gain a deeper understanding
of potential molecular targets for treatment, there is
increased optimism to provide a better quality of life for
these patients. Management is conservative and directed
towards symptoms and/or complications as a result
of the disease. Although there is no standard of treat-
ment or cure, emerging evidence for interferon therapy,
chemotherapy, immunosuppression, and immunotherapy
are all promising. More research in therapeutics will be
required to improve the knowledge base to optimally
treat this unusual condition.
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