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Abstract

Rapid advances in evidence-based treatment schedules are a hallmark of modern oncology. In rare
neoplastic diseases, however, clinical expertise is hard to build and evidence based on randomized
trials almost impossible to conduct. Gorham disease is a rare form of lymphatic proliferation
accompanied by osteolysis, which usually occurs in young adults. Despite the fact that the clinical
course of Gorham disease is often devastating and occasionally fatal, insights into its biological
background are sparse and standardized treatment unavailable. Interestingly, recent knowledge on
the mechanisms of lymphangiogenesis may help elucidate the pathophysiology of Gorham disease
and lead to novel treatment targets. Here, we discuss our current understanding of Gorham
disease, discuss established and emerging therapeutic strategies, and attempt to frame a treatment
rationale.
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Introduction

Lymphatic malformations are a rare and heterogeneous group of benign lesions that
originate from abnormally formed lymphatic vessels [1]. They can arise in any anatomic
location and are present, but not always evident, at birth [2]. Multifocal or diffuse growth of
abnormal lymphatic vessels is termed lymphangiomatosis. Gorham disease (also termed
Gorham-Stout disease and “vanishing bone disease™) is a form of lymphangiomatosis
characterized by diffuse lymphatic vessel proliferation accompanied by progressive
osteolysis. It usually presents in young adults without gender or race predilection and can
arise in the skull, maxillofacial skeleton, arms, legs, pelvis, and the spine and ribs [3].
Clinical symptoms vary depending on location but usually include pain, swelling and signs
of osteolysis on X-ray examinations. In cases of thoracic involvement, the clinical course
can be complicated by instability of the thoracic cage and chylothorax, leading to potentially
lethal respiratory insufficiency. Gorham disease with thoracic involvement and chylothorax
has a reported survival rate of less than 40% [4].

Due to the very low incidence of Gorham disease, current literature is confined to case
reports and several small series. As a result, a standard treatment is lacking. A number of
reports have described treatment of Gorham disease with surgery (resection of diseased
tissue with pleurodesis or thoracic duct ligation in thoracic disease), radiation therapy, and
medication (bisphosphonates, thalidomide, and interferon (IFN)-a2b). These reports vary
substantially in indication, scheduling, the combinations employed, and the clinical success
of the therapies administered. Given its often-devastating clinical course in these young
patients, insights into the biology of Gorham disease are vital to develop a comprehensive
therapeutic strategy.

It is thought that lymphangioma growth is driven by the proliferation of lymphatic
endothelial cells, making them a prime target for therapy. A number of growth factors have
been identified that govern the formation, proliferation and function of normal lymphatic
vessels [reviewed in [5]], including vascular endothelial cell growth factor (VEGF)-A [6],
VEGF-C [7], VEGF-D [8], basic fibroblast growth factor (bFGF) [9] and platelet derived
growth factor (PDGF)-BB [10]. In addition, many of these growth factors, including the
VEGF family members, signal through the phosphoinositide-3 kinase (P13K)/Akt pathways,
eventually converging on the mammalian target of rapamycin (MTOR) [11]. Three case
reports described clinical treatment using targeted antibodies against these lymphangiogenic
growth factors. One study administered imitinib mesylate to inhibit PDGFR-f [12], while
another combined imatinib mesylate with bevacizumab to also inhibit VEGF [13] and a third
successfully used bevacizumab alone [14].

Here, we will review current knowledge of the etiology of Gorham disease. We will discuss
treatment options described in the literature, including their presumed mechanism of action
and potential for success as a standardized treatment, with a focus on thoracic Gorham
disease.
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Biological background

Pathological characteristics

Histopathology remains the gold standard for diagnosing Gorham disease. As first described
by Gorham and Stout in 1955 [15], the lesions are a diffuse replacement of soft tissue and
bone by extremely wide, empty vessels lined with a single layer of endothelium. Loose
textured fibrous tissue surrounds the capillary-like vessels, which may extend outwards
between adjacent striated muscle fibers. The vascular proliferation can fill the marrow space
of bone and the osseous bone can be completely resorbed. The functionality of the
proliferative lymphatic vessels remains poorly understood, as does its interconnectedness to
the existing lymphatic network. Clinical lymphangiography coupled with radiographic
examinations showed that lymphangiectatic tissue was connected with the thoracic duct in a
case of thoracic Gorham disease [16]. Though this radiographic discovery led to therapeutic
ligation of the thoracic ductwith improvement in the patient's functional status, the befenit
was unfortunately transient. The lack of reliable or sustained benefit from thoracic duct
ligation in this and other cases of thoracic disease is likely related to the characteritically
diffuse involvement of the pleural surface with abnormal lymphatic vessels. New methods to
evaluate lymphatic vessel structure and function, including near-infrared imaging, are being
developed[17], but their clinical utility in evaluating lymphangiomatosis remains unknown.
A number of genetic mutations underlying lymphatic vessel development and its
derangement in several human lymphedema syndromes have recently been discovered
[5,18]. However, no candidate genes for Gorham disease have been identified [18].

Bone resorption

An increased number of osteoclasts are often, though not always present in Gorham disease.
In addition to increased numbers of osteoclasts, several authors have described increased
expression of a variety of hydrolytic enzymes, including acid phosphatase and leucine
aminopeptidase in pericvascular mononuclear cells [19,20]. Gorham and Stout speculated
that “hyperaemia, changes in local pH, and mechanical causes” might drive osteolysis. Later
in vitro work with patients’ cultured tissues suggested a contributary role for interleukin
(IL)-6 in bone resorption [21]. Other in vitro work showed that osteoclast precursors found
in Gorham tissues displayed increased sensitivity to humoral factors and were capable of
secreting cytokines and angiogenic factors, which may function in both a paracrine and
autocrine fashion [22,23]. The exact mechanism by which osteoclast activity is upregulated
during the expansion of lymphatic endothelial cells remains unknown.

Immunohistochemical markers

The panendothelial marker CD31 (platelet endothelial cell adhesion molecule) is
consistently expressed by the proliferating lymphatic endothelial cells in Gorham disease
[24]. CD105 is also expressed by the endothelial cells [25], as well as by surrounding bone
marrow, macrophages, and fibroblasts. Relatively specific markers for lymphatic endothelial
cells are lymphatic vessel endothelial hyaluronan receptor-1 (LYVE-1), podoplanin, Prox1,
and VEGF-receptor-3 (VEGFR-3) [reviewed in [5]]. Though data have only been published
for limited number of tumors, most of the CD31-positive vessels Gorham disease co-express
LYVE-1 [12,26], a marker for lymphatic endothelial cells that is also expressed in liver and
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spleen sinusoids [27]. As LYVE-1 positive cells are not present in normal bone [28], the
origin of the lymphatic endothelial cells in the bone is likely due to invasion, though
transdifferentiation from blood endothelial cells or monocytic cells is also possible.
VEGFR-3, the receptor for lymphangiogenic growth factors VEGF-C and -D, is expressed
by less than half of the proliferating vessels [29]. In addition, VEGFR-3 is expressed by
macrophages in the surrounding tissue [12]. In one case, PDGFR-3 was also expressed in
most vessels, but VEGF, VEGF-C, and epidermal growth factor (EGF) were not found to
stain strongly. These data suggest that Gorham disease has a lymphatic endothelial origin.
The lymphatic origin of the disease has made lymphangiogenic growth factors attractive
therapeutic targets, though no causal relationship between these targets and tumor growth or
invasion has been established.

Serum markers

Treatment

Surgery

Recent studies have suggested measurement of several (lymph)angiogenic factors in
patients’ serum as markers of clinical disease [12,26,30]. One study found that PDGF-BB
was elevated 7-fold in a patient with Gorham disease, using enzyme-linked immunosorbent
assays (ELISAS) [12]. In the same patient, fibroblast growth factor (FGF) and the number of
circulating endothelial cells, which are mobilized by angiogenic factors, were also elevated,
while VEGF, placental growth factor (PIGF), and soluble VEGFR-1 were within normal
limits. At the time of testing, this patient had already failed treatment with thalidomide,
bisphosphonates, and IFN-a2b. Another report found an increased VEGF level in the serum
of a patient with diffuse lymphangiomatosis without evident osteolysis or chylothorax,
which subsequently fell after treatment with interferon-a2b. [30]. In a recent report, serum
VEGF and VEGF-C levels both fell from slightly above reference range to normal values in
one patient upon clinical remission, but levels were not evidently abnormal in another
patient at any stage of the disease [26]. These data are consistent with findings from clinical
trials using angiogenesis inhibitors that have shown serum biomarkers are not reliable
indicators of response [31]. Thus, it is difficult to interpret whether secreted lymphatic
growth factors drive the growth of lymphangiomas based on serum levels alone.

In Gorham disease localized to the maxillofacial region, spine or extremities, bone loss with
concomitant functional impairment mandates surgical resection and reconstruction or
stabilization procedures. Importantly, surgical reconstruction undertaken in the context of
active disease is often unsuccessful, with rapid osteolysis and resorption of bone graft
material [32]. It has been strongly recommended that any attempt at surgical reconstruction
of a bony defect with biological material be pursued only after the underlying disease has
been controlled with one of the non-surgical measures described below [33].

In thoracic Gorham disease, prolonged disease stabilization may be achieved after surgical
intervention only [16,34], but successful radical resection of diseased tissue is seldom
achieved [4,12]. Progressive respiratory insufficiency may necessitate surgery in specific
patients, particularly in cases of pleural effusions and chylothorax. Appropriate interventions
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include pleurectomy and pleurodesis. Thoracic duct ligation has been successfully applied in
some cases, but its contribution to clinical improvement has not been consistently
demonstrated [35,36].

Medical treatment

Interferon-a2b—Interferon-a is an immunomodulatory and antiangiogenic compound that
also inhibits production of bFGF [37] and is used in the treatment of hemangiomas [38].
Interferon-a2b monotherapy can stabilize thoracic Gorham disease and be safely combined
with bisphosphonates [29,30,39-43]. Interferon has also been utilized as adjuvant therapy
after surgical intervention [35,44]. In these reports, disease regression was accompanied by
clinical improvement, after which IFN-a2b could be decreased and subsequently
discontinued in the course of several months to years.

Though there is growing evidence that interferon-alpha can offer therapeutic benefit in the
treatment of Gorham disease, not all patients respond favorably and not all responders enjoy
full functional recovery. In a recently published series of 8 pediatric patients, all showed
stabilization of osteolytic lesions but only two showed substantial clinical improvement
[36]. The persistence of functional impairments in these children likely reflects the severe
and irreversible character of the bone and soft tissue injuries caused by the disease prior to
the initiation of therapy. Several other authors have also reported failure of interferon-a
therapy [12,13,26,45]. While interferon appears to be a promising treatment option for
management of Gorham disease, the inclusion of additional pharmacologic therapies may be
required to arrest the progression of advanced disease and prevent development of
irreparable loss of function.

Bisphosphonates—Bisphosphonates have anti-osteoclastic and pro-osteogenic properties
and are widely used in disorders of excessive bone resorption [46]. Their use is well
established in treatment of Gorham disease, usually as an adjunct to radiation therapy or
interferon-a [reviewed in [3]]. One report described full clinical stabilization of Gorham
disease localized to the thorax after bisphosphonate monotherapy [47].

Thalidomide—The synthetic glutamic-acid derivate thalidomide has a broad
immunomodulatory effect through blockade of tumor necrosis factor-a. It also acts as an
antiangiogenic agent by inhibiting IL-12 and bFGF and is used in the treatment of multiple
myeloma [48]. Thalidomide did not lead to sustained clinical improvement in two cases of
Gorham disease, either administered together with celecoxib [12] or as monotherapy [49]. In
contrast, another report described full disease stabilization by thalidomide in a case of
disseminated lymphangiomatosis accompanied by chylothorax, refractory to interferon-
al45].

Targeted therapy—Blockers of angiogenic growth factor receptors are approved for
clinical use in cancer and other diseases [50]. These include the VEGF-neutralizing antibody
bevacizumab and multitargeted tyrosine kinase inhibitors (TKIs) that block the signaling
pathways of several angiogenic growth factors. Imatinib mesylate is a TKI that specifically
inhibits the TK domain of abl, c-kit, and PDGFR-f. A report showed that PDGFR-f is
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expressed in the tissues of a patient with Gorham disease, while its ligand, PDGF-BB, was
elevated in the patient's serum. Treatment with imatinib mesylate in this patient, who had
previously failed thalidomide and IFN-a2b therapy, was hampered by massive pleural
effusions that mandated discontinuation of the treatment [12]. The authors speculated that an
inhibitor of vascular permeability, such as bevacizumab, might be added to imatinib
mesylate to ameliorate pleural effusions. Another recent report showed disease regression
when bevacizumab was added to a regimen of bisphosphonates, IFN-a2b, and imatinib
mesylate [13]. In this case, clinical stabilization was sustained under bevacizumab
monotherapy. A third report described failure of IFN-a2b —bevacizumab combination
therapy, which was salvaged by radiation therapy and surgery [26]. These novel data are the
first to provide evidence that therapeutics targeting lymphangiogenic growth factors may
provide useful tools to combat Gorham disease.

There has been interest in applying sirolimus, an inhibitor of the mTOR pathway, in the
management of a variety of vascular malformations, including lymphangiomatosis [51,52].
Targeting mTOR is attractive as it is downstream in the signaling pathways of both of the
primary receptors that stimulate lymphatic growth, VEGFR-2 and VEGFR-3 (Figure 1). In
theory, mTOR inhibition should more completely inhibit these signaling pathways when
compared to approaches that block only the ligands of these receptors. For instance,
bevacizumab, the monoclonal antibody against the VEGF ligand, does not inhibit the
binding of VEGF-C to VEGFR-3, thus allowing alternative signaling pathways to continue
to drive disease progression. The disadvantage to targeting mTOR is that it is widely
activated in many physiological processes and thus potential side effects may not be
acceptable. Another potential therapeutic strategy is to target the signaling of both VEGFR-2
and VEGFR-3, using small molecule tyrosine kinase inhibitors. This approach allows
signaling from all possible VEGF family ligands to be inhibited, while maintaining some
specificity the blood and lymphatic vasculature.

Sirolimus has recently been used to successfully treat another lymphatic based disorder,
lymphangioleiomyomatosis [53]. Based on this success and the promising activity of this
agent in a small case series of children with refractory lymphatic disorders [51], a clinical
trial is now underway to prospectively assess the efficacy of sirolimus in children and young
adults suffering from lymphangiomatosis.

Radiation therapy

Radiation therapy is effective in halting progression of Gorham disease as described in a
large number of case reports and small series [reviewed in [3]]. In one clinical cohort study,
radiotherapy achieved disease stabilization in approximately 80% of patients [54]. Dunbar et
al. conclude that a moderate dose of 40-45 Gy with conventionally fractionated external
beam radiation therapy generally led to a good clinical outcome with few long-term
complications [55]. However, in many circumstances these moderate doses cannot be safely
delivered due to extensive thoracic involvement and the prohibitive normal tissue tolerances
of the lungs and heart. Though doses in the 36-45 Gy range appear to be most consistently
effective [54], lower doses in the 16-20 Gy range have also been successfully applied in the
management of patients with chylothorax and chylopericardium [56-59].
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Gorham disease often affects pediatric patients where radiotherapy is reluctantly prescribed
due to the potential adverse effects on the growth potential of skeletally immature patients
and the long term risk of radiation-induced malignancy. Despite these concerns about the
long-term sequelae of radiotherapy delivered to young patients, radiation should be
considered in cases where medical therapy has failed to arrest disease progression. In the
setting of extensive thoracic disease involving chest wall pleura and lung parenchyma, XRT
should be considered earlier in the management of the disease before irreversible respiratory
impairment develops. In such circumstances, earlier use of radiation in the lower range of
effective doses (16-20 Gy) may be lifesaving and worth the risk of late effects.

Discussion

The growing body of literature, along with the emergence of novel targeted therapies that
are able to modulate pathways of lymphangiogenesis, provide clinicians with a small but
growing array of treatment options for Gorham disease. Given the rarity of this disorder, it is
not likely that a randomized study comparing currently available therapies could be
undertaken. While we await the outcome of the prospective study of sirolimus, we will need
to continue to utilize agents with known activity in combinations that are tailored to each
patient's sites of disease, severity of presentation and identifiable biological features. As we
consider how to optimize therapy for this aggressive, heterogeneous disease, several
questions need to be answered.

First, what mechanisms drive Gorham disease and what clinical investigations may be useful
in that context? The disease process is started by as yet unidentified molecular events. Both
aberrant lymphatic vessel formation through sequestration [2] as well as lymphatic
endothelial growth factor overexpression may contribute to the ensuing lymphangiomatosis
[24]. This leads to excessive proliferation of (LYVE-1- and partly VEGFR-3-positive)
lymphatic endothelial cells. These cells can express PDGFR-f, but immunohistochemical
staining of other growth factor receptors and their mediators has not been described so far.
The expanding, aberrant lymphatic network can destroy adjacent soft tissue and bone
through unknown mechanisms, possibly including upregulation of osteoclast proliferation
and activity.

VEGF was found elevated in the serum of a patient with diffuse lymphangiomatosis [30],
but its mechanistic contribution in Gorham disease remains unclear since its receptors,
VEGFR-1 and -2 may not be expressed by the proliferative tissues [23]. Possibly, VEGF is
expressed in cells surrounding the proliferating tissues and aggravates local blood
microvascular permeability, contributing to the development of pleural effusions in the
setting of chest wall disease. Alternatively, VEGF may be differentially expressed among
cases of Gorham disease. Both imatinib mesylate and bevacizumab have been used in
treatment, but the results are mixed. Based on our own disappointing anecdotal experience
with imatinib in the management of a patient with advanced thoracic disease, we would
counsel against the inclusion of this agent in the treatment of patients who present with
pleural effusions. Given the relatively small but growing body of literature regarding the
biology of this disease and the lack of predictive power of serum biomarkers to determine
response [31], we argue that immunohistochemical examination of the lymphangioma tissue

Pediatr Blood Cancer. Author manuscript; available in PMC 2015 March 01.
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for the VEGF-, PDGF-, and bFGF-family of ligands and receptors should be undertaken in
all newly diagnosed patients. These investigations will not only help us better characterize
potential therapeutic targets but may also help us develop a more informed biological
rationale for the treatments we employ.

Second, how can we weigh the available options and come to an adequate therapeutic
strategy in a particular case? First, surgery may be appropriate in case of localized,
resectable disease that is not actively osteolytic— mainly in the cranium and extremities.
Surgery also plays an important role when respiratory insufficiency necessitates prompt
thoracic surgical intervention. Pharmacologically, bisphosphonates are widely used as an
anti-osteolytic adjunct to therapy, but were only once reported to induce disease remission
as monotherapy. A number of cases showed that IFN-a2b therapy can induce and sustain
disease stabilization. However, failure of this therapy has also been reported. Given the
number of cases treated with with IFN-a.2b, and bisphosphonates now published, we
speculate that combination therapy of IFN-a2b and bisphosphonates should be the first line
of medical therapy. Finally, three recent case reports suggested the use of imatinib mesylate
and/or bevacizumab [12,26,45]. We speculate that combination therapy of imatinib mesylate
and bevacizumab may be appropriate as bevacizumab may decrease possibly worsening
vascular edema under imatinib treatment and may have its own anti-lymhpangiogenic effect.
Interestingly, imatinib mesylate was shown to also have anti-osteolytic properties [60]. Until
we learn more, we propose that targeted antibody therapy is appropriate as second line,
when other therapies have failed and targets identified in an individual patient's tissue.
Finally, radiotherapy is well established in the treatment of (thoracic) Gorham disease,
provided it can be adequately and safely delivered to the target tissue, and the longterm risk
of radiation in pediatric patients is justified based on an individual patient's disease-
associated risks.

Third, what further insights are needed to advance the treatment of patients with Gorham
disease? It remains to be determined what the underlying mechanisms are for initiation and
progression of osteolytic activity of the lymphatic endothelial cells. Interestingly,
lymphangioleiomyomatosis, an acquired, potentially lethal form of lymphatic vessel
hyperplasia, is driven by VEGF-D overexpression resulting from genetic defects in the
pericytes of collecting lymphatics [61]. Therefore, the role of other cells in the local
microenvironment, such as mononuclear-derived cells, macrophages, and perivascular
stromal cells also needs to be elucidated in Gorham disease. Furthermore,
lymphangioleiomyomatosis has been effectively treated by inhibiting the mTOR pathway
[53]. Potentially, lessons learned from lymphangioleiomyomatosis may be applied in
Gorham disease, including in the ongoing prospective trial of sirolimus in
lymphangiomatosis patients.

Novel insights will have to come from experiments using individual patients’ tissues.
Systematic screening of patients’ tissues for (lymphangiogenic) growth factors may yield
novel therapeutic targets. However, substantial advancements in treatment of rare diseases
may only come from national and international research networks, such as in
lymphangioleiomyomatosis [62,63]. In Gorham disease, at this moment, a solid clinical
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balance needs to be made for each individual patient taking into account the up-to-date
literature as well as the potential for individualized, targeted therapy.
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FIGURE 1. Schematic representation of the putative molecular pathways and their clinical
inhibitorsin Gorham disease

Lymphatic endothelial cell (LEC) markers shown to be variably expressed in Gorham
tissues include cluster of differentiation (CD)-31 protein, lymphatic vessel endothelial
hyaluronan receptor (LYVE)-1, and CD105. Growth factors stimulating (black arrows) LEC
proliferation and macrophage activation in Gorham disease are shown (blue boxes) and
include vascular endothelial growth factor (VEGF; though it may not have a direct effect on
LECs in Gorham disease (dashed arrows)), VEGF-C, platelet-derived growth factor
(PDGF)-BB, and basic fibroblast growth factor (b0FGF). Binding of these ligands to their
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receptors—VEGF-receptor (R)-2, VEGFR-3, PDGFR-f, and FGFR—wiill trigger
downstream signaling. Clinical inhibitors (orange boxes, red barred lines) of LEC surface
receptor proteins and their ligands shown to affect disease progression in Gorham disease
include humanized monoclonal antibody bevacizumab, thalidomide and interferon (IFN)-
alpha. Imatinib mesylate (imatinib) inhibits signaling through the tyrosine kinase domain of
PDGFR-. Small molecule tyrosine kinase inhibitors (sSmTKI) that are now in development
and in clinical trials may be able to block signaling through the tyrosine kinase domains of
activated receptors or their downstream effectors. One promising agent—sirolimus—blocks
the mTOR pathway, which is activated through the PI3K/Akt and Ras/Raf signaling
pathways. However, there are many other signaling targets that may present potential
therapeutic opportunities in Gorham disease. Radiation therapy also halts progression in
Gorham disease (in part) by inhibiting LEC proliferation. Bisphosphonates inhibit increased
osteoclast activity and the ensuing bone resorption.

Pediatr Blood Cancer. Author manuscript; available in PMC 2015 March 01.



