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Personalized Therapy for Generalized Lymphatic
Anomaly/Gorham-Stout Disease With
a Combination of Sunitinib and Taxol

Jochen Rossler, MD,* Ulrich Saueressig, MD,t Gian Kayser, MD,}
Moritz von Winterfeld, MD,§ and Gianoula L. Klement, MD, FRCP(C)||Y

Summary: The recently revised ISSVA classification approved in
Melbourne in April 2014 recognizes generalized lymphatic anomaly
and lymphatic malformation in Gorham-Stout disease. The 2
entities can overlap in presentation, as both are characterized by
destructive lymphatic vessel invasion of the axial skeleton and
surrounding soft tissues. At least at present, no standard ther-
apeutic options exist, and due to the rarity of the disease, no clinical
trials are available. We present 2 patients, 1 with generalized
lymphatic anomaly and 1 with lymphatic malformation in
Gorham-Stout disease, with severe exacerbation during puberty.
The first child presented in florid pulmonary failure and pleural
effusion, the other with severe pain due to bone destruction of the
pelvis and inability to walk. Both were treated using individualized
protocols. The manuscript describes the rationale for choosing
sunitinib in combination with low-dose (metronomic) taxol. Both
patients experienced clinical and radiologic response without major
toxicities, suggesting that patients with rare conditions may benefit
from individualized, molecularly based therapies.
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his manuscript presents 2 types of systemic lymphatic
malformations described in the recently revised ISSVA
classification approved in Melbourne in April 2014.! Gen-
eralized lymphatic anomaly (GLA) is characterized by
multifocal lymphatic malformation affecting the skin and
superficial soft tissues, viscera of the abdominal and
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thoracic cavities, and bone. The bone disease in GLA
usually spares the bone cortex, and does not progress with
time. GLA can present with acute or persistent pericardial,
pleural, or peritoneal effusions. Although the lymphatic
malformation in Gorham-Stout disease (GSD) is also
characterized by lymphatic malformation affecting a single
or multiple bones and adjacent soft tissues, the osteolysis is
progressive and invades the bone cortex. It was originally
described in the orthopedic literature as disappearing or
vanishing bone disease.>* The progression of GSD often
includes visceral progression with thoracic and abdominal
involvement leading to effusions and ascites. Pathologic
fractures occur in both GLA and GSD, even though they
are more frequent in GSD.

The older literature can be confusing as clinicians
often describe involvement of soft tissues and visceral
organs by lymphatics as “congenital lymphangiomatosis,”
“disseminated lymphangiomatosis,” or “multifocal lymph-
angiomatosis.” These terms are better to be avoided
because they are not very helpful for prognostication or in
guiding future medical management.

In addition to the skeleton, systemic lymphatic disease
often includes aggressive unremitting proliferation of lym-
phatic vessels in lungs, spleen, and other visceral organs.>’
This aggressive disease benefits from early intervention. In
contrast, many patients with GLA can be safely observed,
and timely management depends on correct diagnosis. At
least at present, there are no molecular markers or radio-
logic features that can identify the patient at risk for pro-
gression. Some clinicians feel that multiple lesions with
distinct sclerotic edges may suggest disease that will remain
stable for years, and that the presence of a soft tissue
component and/or pleural effusion may identify disease
more likely to progress,” but even for experts, defining an
incipient progression is difficult.

Notable are also the differences in the character of the
disease across the life span. Commonly, a previously qui-
escent disease is exacerbated by puberty,®® suggesting an
anabolic effect of sex-specific steroids on the lymphatic
vasculature. Although in early childhood most GLA/GSD
diagnoses are incidental findings of a lytic lesion during a
trauma evaluation, the diagnoses of GSD/GLA during
puberty/adolescence are usually due to symptoms asso-
ciated with disease progression.’!

For those pediatricians working without the help of a
vascular anomalies expert, it is often difficult to recognize an
acute exacerbation of systemic lymphatic lesions such as
GLA/GSD and recommend the most appropriate early
intervention. GLA, because of its resemblance to metastatic
lesions is often referred to oncology, whereas GSD is usually
evaluated by orthopedics. The referral to a vascular
anomalies center is often delayed and the window of
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opportunity is often missed until the disease gathers an
unremitting course, involving multiple organs leading even-
tual cardiovascular collapse. Even though there are no
standard therapies for GLA, early case reports indicate that
stabilization of the disease and/or remission can be achieved.
As is the case with many rare diseases, a large spectrum of
interventions has been used and includes: glucocorticoids,
radiation, bisphosphonates, combination of radiation and
bisphosphonates, pegylated-interferon, regular interferon
and heparin, bevacizumab, or thalidomide.

The treatment varies widely. A retrospective analysis of
67 cases (64 published in Chinese and 3 in English) from 54
publications were analyzed,!! and the treatment varied from
surgery (n = 27, 40.3%), radiation therapy (n = 6, 9.0%),
surgery combined with radiation therapy (n = 2, 3.0%), and
medical therapy (n = 7, 10.4%), such as interferon (n = 2),
bisphosphonates (n = 1), calcium/vitamin D (n=1),
cyclophosphamide/SFU (n = 2), and calcitonin/alendronate
(n=1). The few available larger case series!“? also
included cases before the emergence of molecular markers
and the efficacy of the used oncological therapies could not
be assessed. Recently, a successful use of bevacizumab, an
antibody against vascular endothelial growth factor
(VEGF), in a Gorham-Stout disease patient was reported.!?

As oncology embraces molecularly based therapeutics,
many promising antiangiogenic agents and combinations
that may be useful in GLA/GSD are being accepted, and
sharing these strategies is extremely important. In absence
of evidence-based, disease-modifying, curative therapy for
GLA/GSD, this manuscript provides a rational approach
to individualizing the treatments of patients with GLA/
GSD on the basis known biology, and their tissue-specific
molecular markers. We used a synergistic combination of
sunitinib, a direct inhibitor of angiogenesis, and low-dose
metronomic schedule'* of taxol to minimize toxicity in this
nonmalignant disease.

CASE REPORTS

The patients and their guardians were informed of the risks,
benefits, and therapeutic alternatives before treatment on an indi-
vidualized protocol. It was stressed that their lesions were not
amenable to more standard therapeutic approaches such as surgery
or sclerotherapy, and they understood that the goal of the therapy
was disease stabilization rather than cure.

The first patient was initially diagnosed with GLA at the age of
7 years. He presented with recurrent coughing leading to the diag-
nosis of a left-sided chylothorax requiring multiple drains. The
effusion did not recede despite a medium chain triglyceride (MCT)
diet. The child’s pulmonary disecase was exacerbated as he entered
puberty. By 13 years, he had severe pulmonary insufficiency, and
large persistent bilateral chylous pleural effusions due to the presence
of bilateral paravertebral lymphatic malformation extending from
third to seventh thoracic vertebrae. He had undergone external
drainage of the pleural effusion followed by pleurodesis, with mini-
mal improvement in symptoms. Immunohistochemistry of this
pleural biopsy showed D2-40 and CD31* endothelium with
expression of PDGFR and VEGFRI1 (Fig. 1). At the time of this
child’s diagnosis, there was no clinically applicable antibody for
VEGFR2, but there was sufficient overlap between VEGFRI1 and 2
and 3 using the ZYTOMED Systems (GmbH, Berlin) antibody to
justify its use. The choice of PDGFR was based on previously
published data on its expression in Gorham disease.!> The child
ultimately required tracheostomy for long-term airway management,
and a gastroduodenostomy to facilitate low fat, MCT diet. It was at
this late point of the disease progression that he was referred to the
oncologist. He was initially treated with sarcoma-like therapy with 2
cycles of cyclophosphamide (1500 mg/m?) and vincristine (1.5mg/

€482 | www.jpho-online.com

m?). Despite severe side effects such as neutropenia, sepsis, and
candidiasis, this regimen provided no benefit. After 2 months on
mechanical ventilation, and no standard therapeutic options, we
reviewed the tissue markers with hope to develop new approaches
for this child. Although it is not always possible to do colocalization
studies to establish that lymphatic endothelium is positive for tyro-
sine kinase receptors such as VEGFR and PDGFR in clinical set-
ting, the pleural biopsy showed D2-40 * and CD31* endothelium,
with PDGFR * and VEGFR-1/2 " expression in the same vascular
pattern (Fig. 1) providing some reassurance about the histologic
configuration. The goals of the therapy, namely disease stabilization
and extubation, were clearly identified to parents, and consents
obtained before initiation of treatment. The child’s therapy was then
changed to sunitinib 12.5 mg daily and taxol 10 mg/m?/once weekly.
The dose of taxol was increased every 4 weeks up to 60 mg/m?/once
weekly, and was tittered to avoid myelosuppression. There were no
significant toxicities with this regimen, no peripheral neuropathy, no
neutropenia, and no increase in infections. Over the subsequent 12
months, he was weaned off mechanical ventilation, extubated, and
weaned from 8 to I0L of O, to room air (supplemental data,
Table 1, Supplemental Digital Content 1, http://links.lww.com/
JPHO/AL111). He had both clinical and radiologic regression of the
pulmonary infiltration, as well as of the soft tissue lesions (Fig. 2).
Unfortunately, the patient later relapsed on therapy, required rein-
tubation, and ultimately succumbed to the disease.

The second patient was diagnosed with GSD at the age of 14
years, after an episode of severe pain and swelling in the lower back
after a football injury. The magnetic resonance imaging revealed a
diffuse osteolytic lesion in the left ileosacral articulation, ileum, and
sacrum, as well as in several vertebral bodies. The difficulty with
histologic diagnosis necessitated 3 consecutive biopsies, leading to a
recalcitrant lymphatic leak for over 3 weeks. This child also received
MCT diet. The ileosacral articulation was stabilized by a supportive
corset, which also provided some degree of vascular compression. As
the lesion continued to progress, the decision was made to escalate
therapy, but no standard therapeutic options were available. We
again discussed with parents and clearly identified the goal of the
potential targeted therapy, namely disease stabilization. We sum-
marized this in a consent that included the risk, benefits, and goals of
the various therapies used in the past. We then initiated a combi-
nation therapy with sunitinib 12.5mg PO daily and intravenous
taxol 10mg/m?/once weekly. The child completed 12 months of
therapy, and experienced gradual improvement in both clinical and
radiologic measures (Fig. 2). There were no significant toxicities with
this regimen, no peripheral neuropathy, no neutropenia, and no
increase in infections. The therapy was stopped after a year, and he
has remained stable for over 4 years.

DISCUSSION

The classification of lymphatic lesions has recently
been updated.! By this new ISSVA classification, case 1
carries the diagnosis of “GLA” because pulmonary effusion
was the first pathologic finding, and the second case with a
large aggressively osteolytic lesion in the sacrum is a
“lymphatic malformation in Gorham-Stout disease.” The
purpose of this manuscript is to introduce new therapeutic
options for GLA/GSD rather than review classification, and
we refer the reader to recent publications discussing the differ-
ences between the 2 entities.” Whether one views GSD/GLA as
a continuum ranging from a single lymphatic malformation of
the bone (monostotic), multiple but nonprogressive lytic lesions
of the bone (polyostotic), to disseminated lymphangiomatosis
with pulmonary compromise,!® the diagnostic distinction is
important for management. Recognizing which lesion is likely
to progress is more likely to lead to a timely referral to an
experienced multidisciplinary team familiar with the disorder,
and to institution of a timely and effective therapy.

The etiology of GLA/GSD remains unclear, even
though the triggering effect of inflammation, puberty, and
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A CD 34 anti-D2_40 [Podoplanin] anti-PDGFR anti-VEGFR1

FIGURE 1. Immunhistochemistry of pleural biopsy in case 1 (A), and of left ileosacral soft tissue in case 2 (B). Formalin-fixed, paraffin-
embedded archival tissues were processed using standard IHC methods and stained with anti-VEGFR-1, anti-PDGFR, and anti-podo-
planin (D2-40) antibodies (all from ZYTOMED Systems; GmbH) at 1:20 dilution. In both cases the CD34* endothelium was also positive
for D2-40 confirming its lymphatic origin. Further support for the therapy was the positive staining for PDGFR and VEGFR-1 tyrosine
kinases, both targets of sunitinib. All images were taken at x 20 magnification with the exception of PDGFR and VEGFR in case B
(ileosacral soft tissue), which was captured with x40 lens. VEGFR indicates vascular endothelial growth factor receptor.

trauma is quite established. There are early indications that 11 cases of multicentric carpotarsal osteolysis syndrome by
at least some of these osteolytic bone lesions are due to the Australian group of Zankl and Duncan,'® the lym-
genetic mutations.!” The V-MAF—musculoaponeurotic phoedema-distichiasis syndrome described in 74 patients

fibrosarcoma oncogene family protein B was described in ~ with FOXC2 mutation,!® the Nonne-Milroy syndrome in

A at start of therapy 6 months on therapy

B at start of therapy 18 months on therapy

FIGURE 2. Radiologic findings. For both patients T2-weighted magnetic resonance imaging at baseline (before initiation of therapy), at
6 and 18 months on therapy. In both, the thorax images for case 1 (A), and the pelvis images in case 2 (B) there is a marked reduction of
the pathologic lymphatic tissue burden, as well as of the accompanying edema.
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patients with FLT4/VEGFR3 mutation,2’ hypotrichosis-
lymphedema-telangiectasia in patients with SOX18,21:22
and primary GLA (Hennekam lymphangiectasia-lymphe-
dema syndrome) in patients with CCBEI mutation.?? Tt is
very likely that with time additional genetic mutations will
further clarify the spectrum of lymphatic malformations of
the bone. Although the genetic alterations may be both
germinal and/or somatic, neither GLA nor GSD are pres-
ently associated with a risk of malignant transformation.”

The pathogenesis of GLA/GSD is also unclear.
Although some investigators believe that there is minimal cell
turnover in the pathologic lesions of GLA or GSD, the dis-
ease is in fact characterized by an active proliferation of
lymphatic endothelium,?* by platelet derived growth factor
pathway activation,'® and by upregulation of a number of
lymphangiogenesis stimulating pathways.> A recent analysis
of the cellular and humoral mechanisms underlying GSD?
compared the numbers and sensitivity to osteoclastogenic
factors between age/sex-matched controls and a GSD
patient. They found that even though the number of circu-
lating osteoclast progenitors was not increased, the osteoclast
precursors showed an increased sensitivity to IL-13, IL-6/sIL-
6R, and TNFa, leading to increased osteoclastic activity.

It is unclear whether the lymphatic vessel proliferation
in GLA/GSD is a secondary or a primary event. Although
physiologically normal, healthy lymphatic endothelium
serves to decompress tissues by returning lymphatic fluid to
venous circulation, its pathologic counterpart looses this
directional flow and transforms into a leaky, invasive, and
proliferative vascular meshwork. These types of leaky lym-
phatic endothelial cells have been well described in other
lesions with pathologic lymphangiogenesis such as in Klip-
pel-Trenaunay syndrome and kaposiform lymphangioma-
tosis, as well as in many malignancies. The invasive nature
and bone destruction within these lesions can be surmised
from the increased acid phosphatase activity in mono-
nuclear phagocytes, multinuclear osteoclasts, and vascular
endothelium.2® Furthermore, because lymphatic vessels are
not present in healthy intact bones,?’ lesions in both GLA
and GSD are likely to represent a manifestation of systemic
disease with either primary or secondary bone and soft tis-
sue activation. In either way, activated lymphatic endothe-
lium can be inhibited by a combination of metronomic
therapy and antiangiogenic agent.!4 The inhibition of acti-
vated stroma using this approach may be further amplified
by inhibition of alternative pathways such as the PI3K/Akt/
mTOR pathway by sirolimus. The efficacy of sirolimus in
complex vascular anomalies such as kaposiform heman-
gioendothelioma and diffuse microcystic lymphangiogenesis
has recently been published,?® but its efficacy had not been
established at the time we needed intervention for our 2
patients. It should be pointed out here that the inhibition of
the ras/raf/MAPK pathway by sunitinib had equivalent
outcome to the inhibition of PI3K/Akt/mTOR pathway
(extubation and stabilization of disease), suggesting that
these 2 pathways are alternatives and inhibition of both
would have synergistic effect.

The lack of understanding of the etiology and patho-
genesis of GLA/GSD has been the biggest hindrance in
developing effective therapeutic approaches. Although gene
therapy may be possible one day for those sybtypes of
systemic lymphatic malformations where a single genetic
defect has been identified single gene mutations, many
GLA/GSD patients will need therapy before then. Because
both GLA and GSD are difficult to treat by surgery alone,
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systemic therapies need to be directed to minimizing the
process of lymphangiogenesis, stromal invasion, and at
maximizing bone restoration. Even though these lesions are
not cancers, or even tumors, they grow and progress. Thus,
even though they have not been historically thought to be
proliferative, and are therefore presumed not to respond to
traditional high-dose chemotherapy, they do grow and
proliferate?® and are highly dependent on growth factors!3
and can therefore be treated with biological agents. Because
the target of metronomic chemotherapy is the tumor
stroma rather than the cancer cell, the combination of low-
dose metronomic chemotherapy and a direct angiogenesis
inhibitor provides a good, minimally toxic therapeutic
alternative for lymphatic malformations. The strategy has
shown efficacy in preclinical and clinical settings.® The
rationale of using this particular combination of a tubulin
inhibitor and direct anti-angiogenic agent was supported by
the extreme sensitivity of endothelial cells (both lymphatic
and microvascular) to tubulin inhibitors,>® and on the
presence of increased levels of PDGFR and VEGFRI1/2 in
the patient tissues (Fig. 1). Unlike tumor cells, endothelial
cells rely on cytoskeleton for both adhesion and polar-
ization, and cannot grow in anchorage independent man-
ner. Endothelial cells are also exquisitely dependent on
continuous supply of growth factors and the combination
of a direct angiogenesis inhibitor with low-dose tubulin
inhibitor has been shown to lead to vascular collapse.!* The
combination is particularly attractive in cases of histologi-
cally benign, but aggressively invasive disease such as GLA,
because a long-term minimally toxic treatment is usually
needed and because the likelihood of causing secondary
malignancies with this regimen is extremely low.

The radiologic and clinical responses observed in the 2
patients presented in this manuscript support the applic-
ability of this approach in GLA and severe progressive
GSD. In our first case, an argument can be made that an
earlier application of this therapeutic combination may
have prevented the end-organ damage resulting from a
long-standing pathologic lymphatic infiltration of pulmo-
nary vasculature. He was diagnosed at 7 years of age, and
as expected, his disease was exacerbated by puberty leading
to irreversible respiratory compromise. Despite the chron-
icity of the pulmonary disease, he experienced a marked
radiologic and clinical improvement on the combination
regimen. [t should also be noted that he required long-term
therapy. Because long-term anti-angiogenic therapy has
been shown to lead to tolerance,’! one is left to wonder if a
drug holiday, or a change to an alternative regimen may
have resulted in a better outcome for this child. Even
though the damage caused by many years of chronic disease
would not have been reversed, it is possible that a long-term
quiescence may have ensued with changing the regimen.

Both of the cases presented in this manuscript showed
with disease exacerbation during puberty. Although many
experts in the vascular anomalies field have made this
observation, there is paucity of studies on the topic. The
frequency of disease exacerbation during puberty, pregnancy,
and other conditions involving hormonally unstable states is
consistent with the preclinical evidence of testosterone and
estrogen having anabolic effect on the vasculature.’? The
second inciting stimulus often observed in clinic is trauma. In
the case of the second child, the inflammation accompanying
an acute injury may have contributed to an exacerbation of
otherwise quiescent disease. The inflammation associated
with injury tends to disturb the balance of stimulators and
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inhibitors of lymphangiogenesis and can lead to progressive
disease. A reinduction of disease quiescence and adequate
control of the lymphatic endothelium proliferation using a
combination of sunitinib and low-dose taxol, can reinstitute
disease stability. Indeed, after only a year of therapy, the
child has remained stable for over 3 years.

In conclusion, a timely referral to vascular anomalies
centers with expertise in diagnosis and management of
GLA and GSD, leads to timely therapy. In these rare dis-
eases, tailoring the therapy to the underlying biology rep-
resents a very rational alternative. Because large random-
ized double blind clinical trials would be difficult, it will be
essential to share both positive and negative experiences
with specific molecularly based therapies, and record the
outcomes obtained with specific individualized protocols.
As more and more angiogenesis inhibitors and biological
response modifiers are becoming available in an “off label”
setting, collaborative consortia should be used to share
these strategies and define the best future approaches.
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