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ABSTRACT 

Gorham-Stout Disease (GSD), also 
named vanishing bone disease, is an ultrarare 
condition characterized by progressive osteoly-
sis with intraosseous lymphatic vessel prolife-
ration and bone cortical loss. So far, about 300 
cases have been reported. It may occur at any 
age but more commonly affects children and 
young adults. The aim of this study is to retro-
spectively review our internal patient series and 
to hypothesize a diagnostic-therapeutic proto-
col for earlier diagnosis and treatment. Clinical 
datasets from our center were examined to 
identify all GSD patients for collection and 
analysis. We identified 9 pediatric cases and 
performed a retrospective case-series review to 
examine and document both diagnosis and 
treatment. We found that delay in diagnosis 
after first symptoms played a critical role in 
determining morbidity and that multidiscipli-
nary care is key for proper diagnosis and treat-
ment. Our study provides additional insight to 
improve the critical challenge of early diagnosis 
and highlights a multidisciplinary treatment 
approach for the most appropriate manage-
ment of patients with rare GSD disease. Al-
though GSD is an ultrarare disease, physicians 
should keep in mind the main clinical features 

since neglected cases may result in potentially 
fatal complications.  

Keywords: Gorham-Stout Disease, rare di-
seases, pediatric 

Gorham-Stout disease (GSD), also 
known as vanishing bone disease, is character-
ized by extensive and progressive osteolysis 
with angiomatous proliferation and a replace-
ment of bone by fibrous tissue. It is considered 
an ultrarare disease: since the first description, 
published in 1838 and so named by Gorham 
and colleagues (1954) and by Gorham and 
Stout (1955), only approximately 300 patients 
have been so far reported worldwide (1,2). 
This is not only due to the rarity of the disease 
but probably also to the diagnostic difficulties 
caused by its wide variety of clinical presenta-
tions. Many patients go undiagnosed from 
months to years after the onset of symptoms. 

The etiology and pathogenesis of the di-
sease still remain unknown, although several 
studies have discussed the potential role of 
endothelial cells, osteoclasts, and osteoblasts 
in its pathogenesis (3-8). 

The onset of the disease can occur at any 
age (ranging from 5 months to 75 years) but it 
is more commonly diagnosed in children and
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young adults. The disease does not show a 
clear gender or ethnic bias or inheritance pat-
tern. Until now, the possible genetic altera-
tions involved in its pathogenesis have not 
been completely understood. Preliminary 
studies by Lorenzo et al have revealed genetic 
imbalance in GSD patients (9) but no strong 
candidate mutant gene has yet been identified. 
There is one recent report identifying a KRAS 
mutation in a single patient from a small 
series of six (10). 

The clinical presentation of GSD is hete-
rogeneous.  It varies according to the involved 
skeletal segment and to the extension of the le-
sions. GSD may develop at any site: ribs, skull, 
clavicle, and cervical spine are more frequent-
ly involved; however, pelvis, humerus, scapu-
la, and femur can be affected as well (11-15). 

The disease is progressive in most pa-
tients, although in few cases it can be self-limi-
ting. The most common symptom is localized 
pain but swelling, weakness, and functional 
impairment of affected limbs may also occur. 
Asymptomatic cases have been reported as 
well as cases diagnosed after a pathological 
fracture. Patients with thoracic involvement 
(ribs, scapula, vertebrae) may develop a chy-
lothorax due to propagation of the disease to 
the pleural cavity or the thoracic duct. This 
occurs in approximately 25% of GSD patients 
and can result in respiratory distress and fail-
ure (15). Blood tests are usually unremarkable. 

GSD diagnosis is challenging and based 
on clinical, radiological, and histological find-
ings. Moreover, neoplastic processes, infection, 
metabolic, and endocrine disorders need to be 
ruled out (11,16). 

Heffez et al in 1983 (17) suggested the 
following diagnostic criteria: presence of an-
giomatous tissue in biopsy; absence of cellular 
atypia; minimal or absent osteoblastic re-
sponse and no dystrophic calcifications; evi-
dence of local, progressive, bone resorption; 
non-expansive, non-ulcerative lesion; absence 
of visceral involvement; osteolytic radiograph-
ic pattern; negative hereditary, metabolic, neo-
plastic, immunological, or infectious etiology. 

Due to its rarity, no accepted guidelines 
are currently available for treatment and man-
agement of GSD. The therapeutic options are 

based on medical treatment, radiation and/or 
surgery (18-26). 

The aim of this study is to retrospectively 
review the Bambino Gesù Children's Hospital 
GSD patient series and to generate a diagnos-
tic-therapeutic protocol for earlier diagnosis 
and treatment.  

PATIENTS AND METHODS 

Clinical, radiological, and histological 
features of all consecutive patients diagnosed 
at or referred to the Rare Diseases Unit at 
Bambino Gesù Children's Hospital, IRCCS, 
Rome, Italy from 2013 onwards are reported. 
The study was approved by our local ethical 
committee. According to our internal protocol, 
each patient underwent clinical evaluation, 
imaging studies (CT, MRI, X-rays, bone scan, 
lymphscintigraphy), dental evaluation (ortho-
pantomography), and biopsy of the lesion. 
Other conditions that may cause bone resorp-
tion (endocrine, malignant, metabolic, infec-
tious) were excluded. Biopsy is presently con-
sidered the gold standard diagnostic criterion 
(27). Treatment plan was established accord-
ing to recent literature data and after a multi-
disciplinary team meeting including biologists, 
clinicians from different specialties, and pa-
thologists. The decision to start therapy was 
principally based on the presence of symptoms 
(i.e., pain) and/or of rapidly progressive disease. 

RESULTS 

In order to design a consistent clinical 
pathway for all patients referred to our hospi-
tal, a standardized approach was devised and 
utilized since 2016. Based on this, diagnosis 
was supported by clinical, radiological, and 
histopathological data according to the crite-
ria proposed by Heffez (17). 

Nine patients (7 males, 2 females) fol-
lowed in our pediatric center since 2013 were 
included. 

The median age at diagnosis was 7.5 
years (range 1 month - 25 years). The median 
age at onset of symptoms was 1.7 years (range 
1 month - 6 years). The median interval bet-
ween initial symptoms and GSD diagnosis was
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6.38 years. Two patients had been initially 
diagnosed elsewhere and then referred to our 
Center. 

The principal characteristics of patients 
are summarized in Table 1. The involved sites 
observed in our series were: skull (four), verte-
bral column (three), humerus (three), sacrum, 
ilium (three), ribs (two), femur (two), mandi-
ble (two), and scapula (two). Two patients 
presented with dyspnea due to chylothorax. 

All biopsies showed benign vascular mal-
formation, simple or combined, according to 
ISSVA (International Society for the Study of 
Vascular Anomalies) classification (27), with 
progressive osteolysis, cortical resorption, and 
activation of osteoclasts. 

Most patients showed multiple areas of 
bone osteolysis: only one had a monostotic 
lesion (patient #9). Two patients suffered from 
a massive destruction with disappearance of 
the affected bone (patient #2 and #4). 

Osteolytic lesions were more evident at 
CT while MRI disclosed infiltrative soft-tissue 
changes surrounding bony lesions and abnor-
mal lymphovascular proliferation.  

Lymphscintigraphy was performed in 6 
out of 9 patients. All patients displayed some 
lymphatic anomalies in the affected bone dis-
trict. In the two patients with previous chylo-
thorax, lymphscintigraphy revealed residual 
pleural effusion. Late scintigraphic images (at 
24 hours) showed presence of tracer accumu-
lation in the abdomen in 5/6 patients, corres-
ponding to intestinal loops by fusion imaging 
evaluation. 

Bone scan was performed in 7/9 patients, 
showing no abnormal findings in 3/7 children 
and a decreased uptake in the affected bones 
in 4/7 children. Follow-up bone scans demon-
strated a complete metabolic response after 
treatment at sites of increased uptake and a 
stable disease in the lytic lesion sites. 

Seven patients received medical treat-
ment: four with sirolimus and zoledronic acid; 
two with interferon plus bisphosphonates, and 
one with bisphosphonates alone because ad-
mission was prior to adoption of our internal 
protocol. Additional therapy was refused by 
parents of patient #4, who had received pre-
vious treatment at another hospital.  

Patients #8 and # 9 did not receive any 
treatment (one patient for stable disease over 
three years and the other because of a recent 
single lesion diagnosed in a newborn baby). 
Starting in 2016, a standardized schedule with 
sirolimus and zoledronic acid was adminis-
tered to all eligible patients. 

Therapy was generally well tolerated, 
and no severe adverse events were noted. Only 
patient #7 presented flu-like symptoms 24 
hours following the zoledronic acid infusion. 
No cases of hypocalcemia or hypophospha-
temia were registered. In patient #6, we ob-
served mild hyperlipidemia, which rapidly 
normalized after low fat diet. Patient #1 suf-
fered from transient leukopenia and lympho-
cytopenia secondary to sirolimus treatment.  

Detailed Patient Data  

Patient #1: 25 year-old young woman 
with onset of disease at the age of 3 years, 
presenting with left inguinal pain and swell-
ing. A diagnosis of mixed venous-lymphatic 
malformation of the left lumbosacral region 
was established elsewhere. During the follow-
ing years, course of the disease was mainly 
characterized by intermittent painful symp-
toms. Because of intractable pain, she was 
referred to our hospital and a clinical-radio-
logical reassessment was performed. Imaging 
(CT, MRI) disclosed lumbosacral lymphatic 
malformation with secondary osteolysis (Fig.
1). Biopsy confirmed GSD diagnosis. 

The patient was initially treated only 
with bisphosphonates (pamidronate) and 
subsequently, due to refractory disease, with 
combination therapy including sirolimus and 
zoledronic acid.  Clinical response was very 
satisfactory with rapid regression of pain. Fur-
thermore, whole body MRI, bone scan, and 
lymphscintigraphy performed after 16 months 
of treatment demonstrated stable disease. 
Transient leukopenia with lymphocytopenia, 
most likely related to sirolimus treatment, was 
the only side effect of treatment observed. 

Patient #2: 4 year-old boy who presented 
with a pathological fracture of the left femur 
at the age of 2 years. After 18 months he was 
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Fig. 1. Imaging characteristics of patient 1. A) Pelvic MRI with fluid-sensitive coronal scan (STIR) showing 
hypersignal streaks due to expansion of the lymphatic ducts of the abdominal wall with enlarged iliac and inguinal 
lymph nodes. B) MRI with fluid-sensitive coronal scan (STIR) of pelvic bones showing bilaterally multiple small 
areas of increased signal (fluid type) in the iliac wings, ileopubic branches and right femoral neck (arrows). C) T1 
weighted MRI coronal scan of pelvic bones showing reduced signal areas in the right femoral neck and both iliac 
wings (arrows). D) Fluid-sensitive sagittal scan (STIR) on the lumbosacral tract showing multiple small hypersig-
nal areas in the lumbosacral vertebral bodies. E) Left- Lower limb lymphoscintigraphy showing tracer accumula-
tion in the pelvis (black arrow). Right- late 24-hour scintigraphic image demonstrates presence of tracer accumu-
lation in abdomen (red arrow), corresponding to an intestinal loop (right colon). F) Hybrid imaging confirming 
lymphoscintigraphic planar findings. 

admitted for local pain and gait disturbance. 
MRI and CT of the lower limbs documented 
extensive osteolysis with vanishing of the left 
femur, which appeared completely replaced by 
soft tissue (Fig. 2). Biopsy of affected bone 
demonstrated vascular proliferation associat-
ed with fibrosis of the intertrabecular spaces 
and osteoclastic resorption. GSD diagnosis 
was made and bisphosphonate therapy was 
started for a total of 6 courses (2 of neridronic 
acid and 4 of pamidronate). At the time of our 
observation, stable disease with no further 
skeletal involvement was observed. 

Patient #3: 6 year-old boy who was ad-
mitted for extensive swelling of the axillary 
and left dorsal regions. Chest X-ray and CT 
showed a massive left-sided pleural effusion. 
Thoracentesis revealed milky white fluid con-
sistent with chylothorax. CT scan, thoracic 
MRI, and bone scintigraphy documented 
osteo-structural alterations with multiple 
small bone gaps affecting multiple vertebral 
bodies (C4, C5, C6, C7, T1, T2), osteolytic al-

teration of left scapula, proximal metaphysis 
of left humerus and ribs. Soft tissue swelling of 
laterocervical, supraclavicular, axillary, and 
left arm region with linear hypodense images 
suggestive of lymphangectasis were also evi-
dent. Bone and soft tissue biopsies showed 
findings consistent with GSD. The patient was 
treated with sirolimus and intravenous zole-
dronic acid. Sirolimus was discontinued for 2 
weeks due to a febrile pharyngotonsillitis. Re-
lapse of the known laterodorsal swelling oc-
curred during interruption with resolution 
upon resumption of therapy. No treatment-re-
lated side effects were recorded. Assessment 
after one year of treatment with zoledronic 
acid and sirolimus disclosed improvement of 
lymphatic dysplasia and stable bone disease. 

Patient #4: 3 year-old boy who had been 
diagnosed at birth with cystic lymphangioma 
of head and neck associated with a capillary 
vascular malformation. CT scan and brain 
MRI after 2 years revealed bone resorption of 
the skull base (Fig. 3). Bone biopsy confirmed 
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Fig. 2. Imaging characteristics of patient 2. A-B) A-P (A) and LL (B) radiography of the left femur showing 
complete bone osteolysis of femoral shaft with shortening and “vanishing bone” aspect. Any osteosclerotic or 
osteoblastic bone reaction is typically absent. C) 3D-CT confirms complete destruction of the bone without any 
osteoblastic reaction. D) MRI with fluid-sensitive coronal sequence (STIR) showing bone destruction with marked 
shortening. 

a GSD diagnosis (proliferation of vascular 
channels associated with fibrosis and osteo-
clastic resorption). He had initially been treat-
ed elsewhere with 5 intravenous zoledronic 
acid courses, subcutaneous pegylated inter-
feron-alfa-2b and steroids, which he received 
for 12 months without further skeletal chang-
es. However, instability of the cranio-cervical 
hinge with rotation of nervous structures was 
noted, which prompted adoption of a cervical 
collar. After referral to our hospital, he suf-
fered from 2 episodes of bacterial meningitis 
(Streptococcus pneumoniae) at the age of 3 
and 4 years. Severe bilateral sensorineural 
hearing loss occurred as a complication. Brain 
CT and bone scintigraphy showed stable dis-
ease. No additional treatment was adminis-
tered due to parents' refusal. 

Patient #5: 13 year-old boy with a history 
of congenital angiomatous lesion in the left 

upper limb for which he had not received any 
treatment. He presented after a fall with per-
sistent back pain. Skeletal X-ray and CT scan 
disclosed extensive osteolysis of several verte-
bral bodies (C5, T5, T6, T8, T9, L3, L4), sac-
rum, left ileum, left supra-acetabular region, 
left humerus, and the right fifth rib. Further-
more, skull X-ray documented multiple osteo-
lytic lesions throughout the left frontal and 
right temporal regions. Bone scintigraphy and 
MRI confirmed the involvement of these skel-
etal segments. Involved vertebral body needle 
biopsy proved inconclusive but ileal trephine 
biopsy disclosed changes consistent with GSD. 

He was treated with weekly subcutane-
ous pegylated interferon-alfa-2b injections and 
quarterly intravenous pamidronate infusions 
for 12 months without any further skeletal 
changes or symptoms. 

Patient #6: 4 month-old boy who was ad-
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Fig 3. Imaging characteristics of patient 4. A) Ultrasound and echo-color doppler (ECD) scan of the right tem-
poral and latero-cervical region. Presence of some transonic (fluid) areas and multiple vascular signals interposed 
between them by ECD. B-C) Axial CT of the right temporal area with disappearance due to erosion of all the 
structures of the ear which are instead clearly recognizable on the left side. D) CT with coronal reconstruction: 
downwards right bone expansion of the squamous part of the temporal bone with absence of the structures of the 
right temporal pyramid. E-F) CT with 3D bone reconstruction. Marked cranial asymmetry with lowering of the 
right orbit and the right temporal region. Reabsorption of part of the vertical branch of the right jaw with absence 
of the right mandibular condyle. 

mitted for dyspnea and acute respiratory fail-
ure. The thoracic X-ray revealed massive 
right-sided pleural effusion. Therapeutic tho-
racentesis revealed a milky white fluid whose 
composition was consistent with chylothorax. 
CT scan documented osteolytic lesions of sev-
eral vertebral bodies (L4, L5, S1), right scapu-
la, proximal metaphysis of the left humerus 
and femur, ilium and sacrum, and surround-
ing lymphatic malformation (Fig. 4). Bone 
biopsy showed findings compatible with GSD 
(vascular proliferation associated with osteo-
clastic resorption). The patient was treated 
with sirolimus and intravenous zoledronic 

acid. A mild hyperlipidemia, rapidly normal-
izing after a low-fat diet, was observed at the 
beginning of sirolimus treatment. Clinical-
radiological reassessment showed no disease 
progression after one year of treatment. 

Patients #7: 6 year-old boy, who had 
been diagnosed prenatally with a latero-cervi-
cal lymphangioma which underwent sponta-
neous regression in the first year of life.  Sub-
sequently, the patient developed 4 episodes of 
meningitis at age 4, 5 and 6 years, complicated 
by unilateral deafness. At this time, he was 
referred to our hospital for a new episode of
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Fig. 4. Imaging characteristics of patient 6. A) A-P radiography of the right femur showing small areas of osteo-
lysis (arrows). B) CT with coronal reconstruction of the chest showing massive right chylothorax with dislocation 
of the mediastinal structures. C) 3D CT with airway algorithm showing collapse of the right lung (arrow) and 
dislocation of the trachea (arrow). D) Axial CT scan showing areas of osteolysis of the right clavicle (arrows). E) 
Coronal CT of the pelvis showing small areas of osteolysis involving iliac wings and right femoral neck (arrows). F) 
Chest X-ray after draining the right chylothorax showing re-expansion of the right lung. G) Lymphscintigraphy 
showed tracer accumulation in the right hemithorax/paramedian site (black arrow), which was the site of previous 
chylothorax. H) Hybrid imaging improving interpretation of lymphscintigraphic planar finding in patients with 
thorax tracer accumulation (white arrow). 

streptococcal meningitis only 3 months after 
the previous one. CT scan and MRI disclosed 
a bone resorption of the skull involving the 
petrous, occipital, and sphenoid bones. A cys-
tic mass localized at the right temporal bone 
was evident at MRI. Biopsy confirmed the di-
agnosis of GSD. Combined therapy with siro-
limus and intravenous zoledronic acid was 
recently started and is ongoing; and he has not 
suffered new infectious episodes since then. 
Flu-like symptoms within 24 hours following 
the zoledronic acid infusion were observed as 
the only side effect. 

Patient #8: 14 year-old boy, who had 
been diagnosed prenatally (35th week of gesta-
tional age) with a parotid lymphangioma. 
During the first 4 years of life, he experienced 
a progressive reduction of superficial swelling, 
but deepening of lesion to the sphenoid bone. 
He suffered 3 episodes of bacterial meningitis 
and underwent surgical treatment for menin-
gocele at 5 years of age. A GSD diagnosis was 
established when he was 14 years old. After 
referral, no further treatment was given as he 
showed stable disease, which has remained 

unchanged during three years of follow-up 
MRIs.  

Patient #9: 2-week-old girl, presented at 
birth with a swelling of the left mandible. CT 
scan revealed bone resorption involving the 
mandible associated to a vascular malforma-
tion partially occupying the oral cavity. Whole 
body MRI did not show any other osteolytic 
lesions. Histological examination confirmed 
GSD (Fig. 5). The patient did not experience 
functional limitations nor feeding difficulties 
nor pain. Due to stable disease and absence of 
infectious complications, no treatment was 
administered. 

DISCUSSION 

GSD is a rare and enigmatic disease. 
Since its first description, it remains poorly 
understood and largely underdiagnosed. Most 
of the GSD studies are case reports or retro-
spective or multicenter reviews. Our relatively 
large series might contribute to a better under-
standing of GSD.  

Imaging studies (plain radiographs, bone
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Fig. 5. Histological characteristics of patient 9. A) Trabecular bone resorbed by increased number of osteoclasts 
and irregularly dilated vascular channel in fibrous stroma (H&E, original magnification 20x). B) Vascular channel 
immunohistochemically staining positive for CD 31 (original magnification 20x). C) Vascular channel partially 
positive for CD34 (original magnification 20x). D) Vascular channel partially positive for D2-40 (original magni-
fication 20x). E) Osteoclasts and irregularly dilated vascular channels in fibrous stroma (H&E, original magnifi-
cation 40x). 

scan, lymphoscintigraphy, computed tomogra-
phy and magnetic resonance) played a signifi-
cant diagnostic role. Bone X-rays initially 
show radiolucent foci in the intramedullary or 
subcortical regions and later on, cortical loss, 
lytic lesions, and slowly progressive resorp-
tion, fracture, fragmentation, and bone disap-
pearance, with targeting or "pointing" of the 
remaining osseous tissue and atrophy of soft 
tissues. Bone scan can integrate radiological 
imaging by adding osteometabolic data.  Park 
et al (28) described different scintigraphic pat-
terns at diagnosis and during follow-up, sug-
gesting that bone scan could be useful to eva-
luate disease activity and treatment response.  

Lymphscintigraphy should be considered 
as a valuable imaging modality to investigate 
patients with GSD, allowing a whole-body  

lymphatic mapping. 
CT findings are useful to assess the 

extent of bone destruction, while MRI (T2-
weighted) reveals the extent of abnormal 
lympho-vascular proliferation.  

According to previous reports (13,14,16, 
28), our series confirms that disease localiza-
tions include different bone sites, which in 
turn are reflected in a variety of signs and 
symptoms. The relevance of localization in 
term of complication risk is well supported in 
our series.  

All the patients with skull-base lesions 
(patients #4, #7, and #8) experienced meningi-
tis, one of the life-threatening complications of 
GSD. In isolated mandibular localization, no 
meningitis occurred, as reported in a previous 
study (29). It may be argued that the interrup-
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tion of the blood-brain barrier, secondary to 
the osteolytic lesion, facilitates the meningeal 
infection by microbial agents colonizing the 
upper airway. 

Interestingly, two patients (#7 and #8) 
had prenatal evidence of lymphangioma in the 
parotid/cervical region, which is in line with 
the natural history of the disease, which gener-
ally increases during infancy.  

Patients #3 and #6 presented chylothorax 
as the first sign of GSD. This is another im-
portant red flag to keep in mind because of the 
risk of sudden respiratory compromise. Chy-
lous effusion may occur due to mediastinal 
extension from contiguous vertebra, scapula, 
rib, or sternum, and can be life threatening. 

Moreover, after chylous effusion has re-
solved, it is mandatory to search for osteolytic 
lesions explaining the etiology and suggesting 
a GSD diagnosis. Indeed, diagnostic criteria 
mandate biopsy in addition to imaging and 
careful exclusion of confounding similar path-
ological conditions.  

Histologically, it is possible to identify 
different stages of the disease: florid vascular 
malformation with an increased number of 
osteoclasts and resorbed bone are evident in 
the active phase, while fibroconnective tissue 
replaces vascular tissue in the inactive phase. 
Vascular lesions according to ISSVA 2018 are 
classified as simple or combined and identified 
immunohistochemically by D2-40, CD31, 
CD34, smooth muscle actin, and WTI staining 
(Fig. 5).  

The mechanism of bone destruction and 
resorption is still unknown, and there is con-
troversy regarding the presence or absence of 
osteoclasts (30,31). Based on these observa-
tions, recently our research team demonstra-
ted in an experimental setting that osteoclast 
differentiation and activity is increased in cul-
tures of cells isolated from our patients. More-
over, GSD osteoblasts differentiated from 
mesenchymal stem cells showed reduced abi-
lity to mineralize bone. These autonomous cell 
defects can be exacerbated by systemic factors 
contributing to the impairment of bone remod-
eling (8).  

The development of next-generation se-
quencing has identified somatic mutations in 

sporadic lesions of vascular anomalies (32). 
There are over 40 genes that are associated 
with vascular anomalies. Although no clear 
evidence exists about the causative mutation 
related to GSD, some observations in lym-
phatic research have identified several lym-
phangiogenic pathways that may play a rele-
vant role, including the PIK3/AKT/mTOR 
pathway (33,34) and there is a single case for a 
KRAS mutation in one patient with GSD (10).  

The appropriate treatment remains un-
settled. A medical approach, surgery, and 
radiotherapy are treatment modalities that 
have been attempted in isolated cases, with 
differing degrees of success (35). Surgical 
strategies are definitely indicated in cases of 
pathological fracture (36). Radiotherapy with 
moderate doses was attempted in several adult 
patients described in the literature, yet its role 
remains controversial and should be avoided 
in pediatric patients due to the long-term se-
quelae such as radiation-induced malignancy 
and inhibition of skeletal growth. 

Several medical treatments have been so 
far attempted, varying from anti-VEGF-A an-
tibodies to interferon alpha-2b, bevacizumab, 
sirolimus, propranolol, steroids, vitamin D, 
calcitonin and bisphosphonates (BP) (18-26, 
34,37). 

Although so far no standardized treat-
ment is available for GSD, in recent studies 
(33,34) the role of mTOR inhibitors seems to 
play a crucial role and this observation sug-
gests the involvement of PIK3/AKT/ mTOR 
pathway in the etiology of the disease.  

Sirolimus is known to inhibit lymphan-
giogenesis and is thought to act on lymphatic 
tissues within lesions to regulate the produc-
tion and leakage of lymph by decreasing lym-
phatic endothelial cell activity. Accordingly, 
bisphosphonates have been shown to display 
anti-angiogenic properties and seem able to 
induce apoptosis of proliferating cells while 
exerting a sustained analgesic effect (38). 

Since these treatments may have addi-
tive effects, sirolimus in combination with 
zoledronic acid was used in our patients with 
the aim of slowing down and stabilizing 
disease progression.  

Sirolimus was given initially at the dose 
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of 0.05 mg/kg twice daily orally and then ad-
justed to achieve serum levels between 5 and 
15 ng/ml. Serum levels were checked at least 
monthly. Zoledronic acid was administered 
intravenously (0.1 mg/kg/dose, 0.015 mg/kg if 
age < 1year) every 3 months. (39-41). The 
scheduled treatment administered to our pa-
tients was well tolerated and no cases of di-
sease progression were recorded, yet its actual 
efficacy still needs further confirmation. 

CONCLUSIONS 

In our clinical series, delay in diagnosis 
after first symptoms played a crucial role in 
determining the rate of morbidity. This tem-
poral gap has been reduced in our most recent 
patients, demonstrating that more health care 
providers have been acquainted with the di-
sease. This demonstrates that any effort in 
arousing specific clinical interest for a given 
rare condition may actively promote aware-
ness of the disease in the greater medical com-
munity. In our opinion, multidisciplinary care 
is a key resource for the proper diagnosis and 
treatment of patients with GSD.  
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