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Gorham‑Stout disease in the rib and thoracic spine with spinal
injury treated with radiotherapy, zoledronic acid, vitamin D,
and propranolol: A case report and literature review
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Abstract. Gorham‑Stout disease (GSD) is a rare bone condition that is characterized by the spontaneous, idiopathic
and progressive proliferation of blood or lymphatic vessels,
which replace the bone and marrow space. The precise
etiology and pathophysiology of GSD remain poorly understood. Therefore, there is no consensus on the treatment of
this disease. In the current study, a rare case of GSD in the
rib and thoracic spine with spinal injury that was treated with
radiotherapy, zoledronic acid, vitamin D and propranolol, is
reported. A 77‑year‑old man visited the hospital complaining
of constipation for 10 days. Within a few days, the patient
had recognized complete paralysis of the bilateral lower
legs. Radiologically, large osteolytic lesions were confirmed
in the 6, 7 and 8th right ribs, the 6 and 7th thoracic vertebrae
and in the liver and spleen. The lesions were diagnosed as
GSD based on clinical findings, imaging characteristics
and needle biopsy results. The patient was treated with
zoledronic acid, activated vitamin D, propranolol and radiotherapy to the thoracic vertebrae. However, approximately
5 months after the first treatment, the rapidly increasing
hemorrhagic pleural effusion compressed the left lung and
caused a mediastinal shift to the right thorax. Unfortunately,
the patient succumbed to the disease 7 months after first
admission. To the best of our knowledge, this is the first
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reported case of GSD in the rib and thoracic spine with spinal
injury to be treated with radiotherapy, propranolol, vitamin D
and zoledronic acid. Furthermore, there have been no previous
reports of a mediastinal shift caused by intralesional hemorrhage in GSD. For future reference, it should be noted that
such processes may occur in GSD lesions of the thoracic spine
and/or thorax. The present case will therefore contribute to a
deeper understanding of GSD, a rare clinical entity.
Introduction
Primary idiopathic osteolysis is rare and is classified into
five types (1,2). Gorham‑Stout disease (GSD, also known as
‘massive osteolysis,’ ‘vanishing bone disease,’ ‘phantom bone
disease,’ ‘Gorham's disease,’ and ‘Gorham‑Stout syndrome’)
is a type of idiopathic osteolysis and is a very rare bone
condition that is characterized by spontaneous, idiopathic, and
progressive proliferation of blood or lymphatic vessels that
replace the bone and marrow space with fibrous connective
tissue (3). The precise etiology and pathophysiology of GSD
remain poorly understood. The first reported case of GSD
was in 1838 by Jackson (4). Since then, over 300 cases have
been reported in the literature worldwide (3). GSD has no
predilection for a particular sex or race, and it may occur at
any age, although it is diagnosed more often in adolescents
and children. Bones are affected in a monocentric manner,
although there are reports of continuity to adjacent bone
structures (5). GSD affects various bones (6,7). Although the
most common initial symptom is a finding of pathological
fractures (8), the symptoms of GSD vary and depend on which
sites of the body are affected. Because of uncertainty about
the underlying cause, the appropriate treatment and prognosis
also remain uncertain. A medical approach (9,10), surgery,
and radiotherapy (11) are options that have been attempted in
isolated cases, with differing degrees of success. Although GSD
generally has a good prognosis, life threatening complications
may occur owing to the involvement of the spine, viscera, or
chest, resulting in chylothorax (12).
To the best of our knowledge, this is the first reported
case of GSD in the rib and thoracic spine with spinal injury
to be treated with radiotherapy, propranolol, vitamin D, and
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zoledronic acid. Here, we report our experience along with a
review of existing literature.
Case report
We report about a 77‑year‑old man without any past medical
or family history. He visited our department of internal
medicine with complaints of constipation continuing for
10 days. A few days later, he recognized weakness and
numbness in both legs. These lower extremity symptoms
worsened and progressed to paralysis of the 6th thoracic
spinal cord within a few days. The neurological status was
grade A according to the Frankel scale (13). Radiologically,
massive osteolytic lesions were confirmed in the 6, 7 and 8th
right ribs and in the 6 and 7th thoracic vertebrae, and these
lesions invaded into the spinal canal. These lesions were
enhanced on contrast‑enhanced computed tomography (CT).
Furthermore, multiple mass lesions were found in the liver,
and a mass lesion was found in the spleen (Fig. 1). Magnetic
resonance imaging revealed that the lesions had invaded
the 6th thoracic spinal canal, highly compressing the spinal
cord. The signal intensity of these lesions was isointense to
muscle tissue on T1‑weighted images (WIs) and heterogeneously high intensity to muscle on T2WIs (Fig. 2). Blood
examination results were mostly normal, with the exceptions of slight elevations in carcinoembryonic antigen
(5.2 ng/ml) and vascular endothelial growth factor (VEGF)
levels (Table I).
Based on clinical findings and imaging characteristics,
the lesions were diagnosed as cancer metastases. A needle
biopsy under CT guidance was performed from the left 6th
rib. Microscopic examination revealed a replacement of bone
tissue with vascular tissue, and a netlike proliferation of blood
vessels similar to capillary vessels consisting of monolayered
vascular endothelium. Hyaline fibrous interstitium was also
observed. No cellular atypia was present, and an osteoblastic
response was also absent. Immunohistochemical examination
revealed an overexpression of cluster of differentiation (CD)
34 on vascular endothelial cells and was negative for desmin
and D2‑40 staining, and the MIB1 proliferation index ranged
from 8 to 10% (Fig. 3). Radiologic imaging combined with
histopathology confirmed the diagnosis of GSD. At this time,
the patient was introduced to our department. Because 5 weeks
had already passed since paralysis had occurred, surgery for
paralysis was not performed. First, zoledronic acid (Zometa®,
4 mg) was intravenously administered and was continued once
a month for 5 months. Simultaneously, oral administration
of activated vitamin D was initiated. One month after the
first administration of zoledronic acid, the patient underwent
transcutaneous radiotherapy of the thoracic vertebra with a
total dose of 20 Gy in 4‑Gy fractions once a day for 5 days.
Afterward, treatment with propranolol was added at a dose of
0.6 mg/kg/day. Two months after the first treatment, decubitus
was noted around the sacral region, and curettage and medical
treatment for the lesion were continued. One month later, a
fever caused by pneumonia and/or decubitus was observed,
and the fever continued for approximately 2 months despite
antibiotic treatment. In addition, a chest CT scan revealed
increasing pleural effusion in the left hemithorax, and thus,
a puncture was performed. The fluid was serosanguinous,

Figure 1. Large osteolytic lesions were confirmed in the 6, 7 and 8th left
ribs and in the 6 and 7th thoracic vertebra. (A) Roentgenogram of the
chest. (B) Three‑dimensional CT. (C) CECT scan of the thorax showing
that the spinal canal was occupied by these lesions, and the lesions were
well‑contrasted (arrow). (D) CECT scan of the abdominal region showing
that massive lesions were found in the liver (arrow) and spleen (arrow head).
CECT, Contrast‑enhanced CT.

Figure 2. MRI indicating that the lesions had invaded the 6th thoracic spinal
canal, and the spinal cord was highly compressed. (A) Coronal images on
short T1 inversion recovery. (B) Sagittal images on T2WI. (C) Axial images
on T1WI. (D) Axial images on T2WI. T2WI, T2‑weighted image.

exudative, and negative for malignancy (Table II). At this time,
a CT scan did not show clear progression of osteolysis in the
thoracic and rib lesions.
Approximately 5 months after the initial treatment, the
hemoglobin concentration suddenly dropped to 4.8 g/dl.
A chest CT scan revealed a remarkably increasing pleural
effusion that appeared to be hemorrhagic and was markedly
compressing the left lung, causing a mediastinal shift to the
right thorax. The patient received several blood transfusions
and medication for anemia; however, the condition did not
improve. Furthermore, the mediastinal shift worsened rapidly
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Table I. Analyses upon patient admission.
Parameter

Value

Reference value

Alkaline phosphatase (IU/l)
Carcinoembryonic antigen (ng/ml)
Carbohydrate antigen 19‑9 (U/ml)
Prostate specific antigen (ng/ml)
Protein induced by vitamin K absence or antagonist‑II (mAU/ml)
Vascular endothelial growth factor (pg/ml)
Tartrate resistant acid phosphatase‑5b (mU/dl)
Alubumin (g/dl)
Total protein (g/dl)

248
5.2
10
1.66
11.8
110
218
3.3
6.0

(109‑350)
(≤5.0)
(≤37)
(≤4.0)
(<40.0)
(≤38.3)
(170‑590)
(3.7‑5.2)
(6.5‑8.3)

Table Ⅱ. Biochemical and cytology analysis of pleural fluid.
Variable
Appearance
Protein (g/dl)
LDH (U/l)
Glucose (mg/dl)
Amilase (U/l)
Number of cells (mm3)
Neutrophil (%)
Eosinophil (%)
Basophil (%)
Lymphocyte (%)
Methoterial cell (%)
Histiocyte (%)
Cytology

Data
Serous
2.5
79
127
22
243
60
0
0
32
5
3
Negative for malignancy

LDH, lactate dehydrogenase.
Figure 3. Microscopic examination. (A) Low‑powered microscopic examination showing a replacement of bone tissue with vascular tissue and a
netlike proliferation of blood vessels similar to capillary vessels consisting of
monolayered vascular endothelium (magnification, x40). (B) High‑powered
microscopic examination showing hyaline fibrous interstitium. No cellular
atypia is present, and osteoblastic response is absent (magnification, x100;
scale, 10 µm). (C) Immunohistochemical examination showing an overexpression of cluster of differentiation‑34 (arrow) on vascular endothelial cells
(magnification, x40). (D) The MIB1 proliferation index ranged from 8 to 10%
(magnification, x40). The MIB‑1 index was calculated by counting positive
and negative nuclei at any 10 hot spots after immunostaining and calculating
the ratio visually.

in the subsequent several days (Fig. 4), and the patient's
breathing gradually became shallow. Unfortunately, the patient
succumbed to the disease 7 months after his initial visit.
Discussion
In GSD, massive and progressive osteolysis is caused by the
abnormal proliferation of endothelial capillaries of vascular
or lymphatic origin. The factors underlying the pathogenesis
of GSD remain unknown, although various changes in
molecular mechanisms have been reported. A high level of

Figure 4. Chest X‑ray ~5 months after the first treatment. (A and B) Computed
tomography scan showing a remarkably increasing hemorrhagic pleural effusion causing a mediastinal shift to the right thorax. (A) Mediastinum window.
(B) Lung window. (C) Roentgenogram also showing left pulmonary atelectasis and mediastinum shift.

growth factors, such as VEGF‑A (14), basic fibroblast growth
factor (15), and platelet‑derived growth factor‑BB (16), have
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been reported in GSD patients, each of which may drive
lymphatic endothelial cell proliferation via the mammalian
target of rapamycin pathway (15). An increased interleukin
(IL)‑8 concentration (17) and an overexpression of CD105 (18)
were also reported in GSD patients. Overexpression of the
growth factors mentioned above may activate endothelial
cells and induce angiogenesis, vascular malformation, and
lymphangiomatosis.
With respect to the mechanisms of osteolysis, an increased
IL‑6 level in patients with GSD has been reported (19). IL‑6
stimulates osteoclasts, leading to massive bone resorption.
As such, IL‑6 may play an important role in the pathogenesis
of GSD. In addition, homologous monocytic cells producing
the osteoclastogenic factors IL‑1β and transforming growth
factor‑ β have been isolated from GSD patients (17).
Furthermore, although the number of circulating osteoclast
progenitor cells did not increase, osteoclast precursors showed
an increased sensitivity to IL‑1β, IL‑6, and tumor necrosis
factor‑α, leading to increased osteoclastic activity (20). Based
on these observations, the activation of both endothelial cells
and osteoclasts may be a characteristic of GSD.
The shoulder and pelvis are the commonest sites of
involvement. However, various locations, such as the humerus,
scapula, clavicle, ribs, sternum, pelvis, and femur, can be
affected by GSD (21). In spinal GSD, 46% of cases reportedly
occurred in the thoracic vertebrae (22,23). Involvement of both
the thoracic vertebrae and ribs is extremely rare, with only
three cases being reported in the literature (23‑25). One of
these reports was a 17‑year‑old man who had osteolysis in his
ribs and thoracic spine, with nonambulatory power in lower
limbs due to myelopathy. He received a single dose of 8 Gy and
received 4 mg of zoledronic acid every month for 18 months.
Thereafter, posterior instrument fixation with anterior reconstruction was performed. These treatments succeeded in
halting the progression of osteolysis and the patient showed
complete neurological recovery (23). Another report was for a
2‑year‑old girl, who had lesions in the femur in addition to the
thoracic spine and ribs. In addition, there were hemangiomas in
the liver and spleen, and hemangiomatous change on the skin
surface of the back. She was treated with IFNα and predonine
for 14 months, resulting in an improvement in the progression
of osteolysis. 10 months later, there was no evidence of lesion
exacerbation, and hemangioma in the back disappeared, and
the ribs which had disappeared, reappeared (24). One of the
other reports did not describe the clinical course of the patient,
and was a report only on imaging findings (25). In current
report, the patient's paralysis was complete and the age was
relatively high. These are differences from previous reports,
therefore age and degree of paralysis might influence on the
prognosis.
At present, there is no consensus on treating GSD,
and various treatment methods have been attempted,
including surgery, radiotherapy, and medications, alone or in
combination. Surgery for metastatic spinal cord compression
should be performed sooner rather than later. Furthermore,
earlier surgical treatment (within 48 h) in patients with
metastatic spinal cord compression resulted in significantly
better neurological outcomes (26). In GSD, the timing of
surgery is very difficult because osteolysis continually
progresses in its active phase, even after the surgery has been

performed. In the current case, surgery was not performed
because 5 weeks had already passed since complete paralysis
occurred at the time of first visit to our department, and the
lesion was considered to be in the active phase based on the
progress of paralysis. Moreover, there are no Food and Drug
Administration‑approved medical therapies for treating
GSD. Several drugs have nevertheless been tried, including
bisphosphonates (10); interferon alpha‑2b (9); the anti‑VEGF‑A
antibody bevacizumab (27); low molecular weight heparin,
steroids, vitamin D, and calcitonin (11,28); and sirolimus (8).
Bisphosphonates are used owing to their anti‑osteoclastic
properties. Furthermore, third‑generation bisphosphonates
have anti‑VEGF effects (29); thus, they have the potential to exert
therapeutic effects by inhibiting osteolysis and angiogenesis,
vascular malformation, and lymphangiomatosis. The use of
propranolol for GSD has been reported previously (30,31). The
mechanism of action is considered to be the downregulation of
VEGF, which leads to the inhibition of vascular proliferation.
It may also inhibit proliferation and migration of lymphatic
endothelial cells. In our case, treatment with propranolol was
initiated at 0.6 mg/kg/day, with a plan to gradually increase
the dose. However, large decubitus ulcers appeared from the
patient's back to his sacrum. Thus, the propranolol dose was
not increased because of the possibility that it might adversely
influence the healing of the ulcers by inhibiting angiogenesis,
which is a known property of propranolol. In fact, serum VEGF
levels were not significantly altered before (110 pg/ml) and
after (118 pg/ml) propranolol administration. Notably, it was
reported that a patient treated with propranolol (2 mg/kg/day)
responded well to this therapy, with resolution of symptoms
and reduction in VEGF‑A levels after 3 months of treatment
to near‑control levels (32). The dose of this medication should
have been increased if the circumstances allowed it.
Radiotherapy is another treatment modality that has
been attempted for GSD. The exact mechanism of action is
not known; however, it is postulated that radiotherapy may
arrest endothelial cell proliferation and limit the progression
of disease (33,34). In a previous case report, although a total
dose ranging from 36 to 45 Gy was recommended (33,34),
the patient received a transcutaneous radiotherapy dose of
only 20 Gy for thoracic lesions because of concerns around
expanding the range of the spinal cord injury and the side
effects owing to high dose irradiation. As a result, expansion
of thoracic lesions was not recognized on diagnostic imaging;
however, bleeding from the lesions eventually became uncontrolled. Based on these findings, it was necessary to reconsider
the total dose of irradiation or additional radiotherapy for rib
lesions.
In general, the clinical course of GSD varies widely, ranging
from spontaneous remission to fatal disease usually in the
context of a chylothorax (35,36). In a literature review of 175
cases of GSD, the mean overall mortality rate was 13.3% (37).
The mortality rate of spinal lesion was 20‑53% (22,37,38), and
mortality also occurred because of complications of chylothorax. Although chylothorax was not apparent in our case,
hemothorax by intralesional hemorrhage did occur, causing a
mediastinum shift that finally resulted in the rapid impairment
of respiratory function. So far, there have not been any reported
cases of mediastinum shift owing to intralesional hemorrhage
in GSD, and this is the first report to describe it. For future
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reference, it should be noted that such processes may occur in
the thoracic spine and/or thorax owing to GSD lesions.
To the best of our knowledge, this is the first reported case of
GSD in the rib and thoracic spine with spinal injury to be treated
with radiotherapy, propranolol, vitamin D, and zoledronic acid.
Furthermore, no previous reports have described rapid‑onset
mediastinum shift with respiratory impairment owing to intralesional hemorrhage in GSD. In such rare diseases, conducting
large randomized double‑blind clinical trials would be difficult;
thus, it is essential to record and share experiences obtained
with individual treatment methods. Theoretically, effective
treatment by clarifying the pathogenesis should be performed,
and the results should be shared. This case will contribute to a
deeper understanding of the very rare clinical entity of GSD.
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