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Abstract. The purpose of this study was to systematically review all published cases
of Gorham–Stout disease (GSD) involving the jaws and to identify the clinico-
radiological and histopathological features associated with persistence of the
lesions, as well as the best treatment options available. An electronic search was
undertaken in November 2018. Eligibility criteria included publications with
sufficient information to confirm the diagnosis. Eighty-six publications reporting 89
cases were included. Features observed included symptomatic disease (51.1%),
swelling (34.1%), pathological fracture (31.8%), history of previous trauma
(32.1%), high alkaline phosphatase levels (24.3%), and predominance of vascular
tissue (72.4%). Nearly a quarter of the patients were only followed up, with no
treatment implemented. Most treatments consisted of some type of surgery with/
without additional therapies (42.0%), drugs (20.5%), and radiotherapy (14.8%).
Half of the cases were found to persist after some treatment modality, and five
patients died. Among the variables investigated, only a lesion crossing the midline
showed an association with persistence of the disease. There remains much to
understand about GSD, a rare condition with no clear consensus on the
aetiopathology, an unpredictable clinical course, and no standard treatment. The
high rate of persistence after treatment was found to be associated only with the
lesion crossing the midline.
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Gorham–Stout disease (GSD), also called
Gorham disease or vanishing bone dis-
ease, among many other names, is an
extremely rare bone disease of unknown
aetiology. The clinical progression and
prognosis is unpredictable, and treatment
is uncertain. Resorption, initially localized
to one bone, often extends to involve those
adjacent1. The lesions of this condition are
histopathologically characterized by ex-
tensive loss of bony matrix replaced by
a proliferation of thin-walled capillary-
sized vascular channels, and at a later
stage by fibrous connective tissue2. The
first case reported in the literature was in
18383, involving an arm. GSD with in-
volvement of the jaws is considered to be a
rare condition, with the first case being
reported in the literature in 19244.
The aim of this study was to integrate

the available data published in the litera-
ture on GSD involving the jaws into an
updated comprehensive comparative anal-
ysis of its features, as well as to identify
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the clinico-radiological and histopatho-
logical features associated with persis-
tence of the disease. An analysis of the
literature regarding the best treatment
options available for this condition was
also performed.

Materials and methods

This study followed the PRISMA State-
ment guidelines5.

Search strategies

An electronic search without time restric-
tions was undertaken in November 2018 in
the following databases: PubMed/MED-
LINE, Web of Science, Science Direct, J-
Stage, and LILACS. The following terms
were used in the search strategies: (‘‘Gor-
ham disease’’ OR ‘‘Gorham’s disease’’
OR ‘‘Gorham-Stout disease’’ OR ‘‘Gor-
ham Stout disease’’ OR ‘‘Gorham syn-
drome’’ OR ‘‘Gorham’s syndrome’’
OR ‘‘Gorham-Stout syndrome’’ OR
Fig. 1. Study screening process.
‘‘Gorham Stout syndrome’’ OR ‘‘massive
osteolysis’’ OR ‘‘idiopathic massive
osteolysis’’ OR ‘‘disappearing bone dis-
ease’’ OR ‘‘vanishing bone disease’’ OR
‘‘vanishing bone disorder’’ OR ‘‘phantom
bone disease’’) AND (mandible OR max-
illa OR jaw OR maxillofacial OR face).
Google Scholar was also checked. A

manual search of all related oral pathology,
maxillofacial, and specialist dental and oral
journals was performed. The reference lists
of the identified studies and relevant
reviews on the subject were also checked
for possible additional studies. Publications
with lesions identified by other authors as
being GSD, even not having the term
‘Gorham disease’ in the title of the article,
were also re-evaluated by one of the present
study authors (R.S.G.).

Inclusion and exclusion criteria

Publications reporting cases of patients
with GSD with involvement of at
least one of the jaws and with enough
information to confirm the diagnosis were
included. The criteria listed by Heffez
et al.6, with minor modifications, were
used to diagnose a patient with GSD:
(1) biopsy showing angiomatous tissue
or fibrous connective tissue; (2) absence
of cellular atypia; (3) minimal or no oste-
oclastic response and absence of dystro-
phic calcifications; (4) evidence of
progressive local bone resorption; (5)
the lesion is not ulcerative and does not
provoke cortical expansion; (6) absence of
visceral involvement; (7) osteolytic radio-
graphic pattern; (8) negative hereditary,
metabolic, neoplastic, immunological,
and infectious aetiology; (9) monocentric
occurrence.

Study selection

The titles and abstracts of all reports identi-
fied through the electronic searches were
read independently by the authors. For
studies appearing to meet the inclusion
criteria, or for which there were insufficient
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Table 1. Demographic and clinical features of cases of Gorham–Stout disease involving the
jaws described in the literature.

Variables

Number 89
Age (years), mean � SD (range) 31.7 � 18.4 (0–76; n = 88)

Male 32.4 � 18.1 (5–76; n = 54)
Female 31.2 � 18.8 (6–72; n = 32)
P-valuea 0.792

Sex, n (%)
Male 55 (63.2)
Female 32 (36.8)
Unknown 2

Involvement, n (%)
Monostotic 56 (62.9)
Polyostotic 33 (37.1)
Unknown 0

Jaw, n (%)
Maxilla 6 (6.7)
Monostotic 2 (2.2)
Polyostotic (but not affecting the mandible) 4 (4.5)

Mandible 64 (71.9)
Monostotic 54 (60.7)
Polyostotic (but not affecting the maxilla) 10 (11.2)

Maxilla + mandible 19 (21.4)
Unknown 0

Other bones involved, n (%)b

Zygomatic 15 (16.9)
Pterygoid 5 (5.6)
Sphenoid 8 (9.0)
Frontal 4 (4.5)
Orbit 9 (10.1)
Temporal 15 (16.9)
Occipital 6 (6.7)
Parietal 4 (4.5)
Hyoid 2 (2.2)
Cervical vertebrae 7 (7.9)
Skull base 14 (15.7)

Lesion crossed the midline, n (%)
Yes 45 (50.6)
No 44 (49.4)
Unknown 0

Cortical bone perforation, n (%)
Yes 85 (97.7)
No 2 (2.3)
Unknown 2

Swelling, n (%)
Yes 30 (34.1)
No 58 (65.9)
Unknown 1

Symptomatic, n (%)
Yes 45 (51.1)
No 43 (48.9)
Unknown 1

Alkaline phosphatase levels, n (%)
High 9 (24.3)
Normal 28 (75.7)
Unknown 52

Pathological fracture (jaws), n (%)
Yes 28 (31.8)
No 60 (68.2)
Unknown 1

Histology of last surgery, n (%)
Fibrous 19 (25.0)
Vascular 55 (72.4)
Fibrous/vascular 2 (2.6)
Unknown 13

History of previous trauma, n (%)
Yes 9 (32.1)
No 19 (67.9)
Unknown 61
data in the title and abstract to make a clear
decision, the full report was obtained. Dis-
agreements were resolved by discussion
between the authors. The clinical and ra-
diological aspects, as well as the histologi-
cal description of the lesions reported in the
publications were thoroughly assessed by
one of the authors (R.S.G.), an expert in oral
pathology, in order to confirm the diagnosis
of GSD.

Data extraction

The following data were extracted:
patient’s sex and age, duration of the
lesion prior to treatment, history of previ-
ous (local) facial trauma, lesion location
(maxilla/mandible), involvement of other/
adjacent bones (mono- or polyostotic in-
volvement), pathological fracture of the
jaw bones, cortical bone destruction, pres-
ence of swelling, clinical symptoms, in-
volvement of skin, levels of alkaline
phosphatase in serum, histopathological
appearance of the tissue obtained from
the last surgery (predominance of either
vascular or fibrous tissue), treatment per-
formed, persistence of bone resorption,
and follow-up period. Authors were con-
tacted for possible missing data.

Analyses

A descriptive analysis was performed
based on mean, standard deviation (SD),
and percentage values. The Kolmogorov–
Smirnov test was used to test the normality
of the distribution of variables and
Levene’s test was used to evaluate homo-
scedasticity. The Student t-test or Mann–
Whitney test was performed to compare
two independent groups, depending on the
normality of the data. The Pearson x2 test
or Fisher’s exact test was used for cate-
gorical variables, depending on the
expected count of events in a 2 � 2 con-
tingency table. Whenever possible, the
probability of persistence of bone resorp-
tion after treatment was calculated using
the odds ratio (OR) and 95% confidence
interval (95% CI). The level of statistical
significance was set at P < 0.05. All data
were analyzed using IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp.,
Armonk, NY, USA).

Results

Literature search

The study selection process is summarized
in Fig. 1. The search strategy in the data-
bases resulted in 376 papers; nine addi-
tional eligible papers were found through
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Table 1 (Continued )

Variables

First treatment, n (%)
None 20 (22.7)
Debulking 1 (1.1)
Curettage 3 (3.5)
Enucleation 1 (1.1)
Marginal resection 5 (5.7)
Segmental resectionc 5 (5.7)
Segmental resectionc + radiotherapy 1 (1.1)
Segmental resectionc + drugs 1 (1.1)
Segmental resectionc + reconstruction plate 3 (3.5)
Segmental resectionc + autogenous graft

+ reconstruction plate
6 (6.8)

Radiotherapy 13 (14.8)
Autogenous graft 7 (8.0)
Alloplastic graft + reconstruction plate 1 (1.1)
Reconstruction plate + drugs 1 (1.1)
Reconstruction plate 1 (1.1)
Drugs 18 (20.5)
‘Surgery’ 1 (1.1)
Unknown 1

Persistence of resorption after first treatment, n (%)
Yes 37 (51.4)
No 35 (48.6)
Unknown 17

Death, n (%)
Yes 5 (5.6)
No 84 (94.4)
Unknown 0

Duration of symptoms until first consultation (months),
mean � SD (range)

41.9 � 47.3 (1–204; n = 57)

Time between biopsy and first treatment (months), mean

� SD (range)

10.0 � 22.5 (0–144; n = 47)

Follow-up time after first treatment (months), mean

� SD (range)

39.4 � 48.8 (0–300; n = 73)

Total follow-up time (months), mean � SD (range) 47.1 � 49.7 (1–300; n = 73)

SD, standard deviation.
a Comparison of the mean age between male and female patients (Mann–Whitney test).
b Percentage in relation to the total number of cases (n = 89).
c Resection with continuity defect.

Table 2. Persistence of resorption—for the lesions with available information about treatment
and persistence of resorption.

Treatment
Persistence of resorption/total
(% persistence)

None 7/11 (63.6)
Debulking 0/1 (0)
Curettage 3/3 (100)
Enucleation 0/1 (0)
Marginal resection 2/4 (50)
Segmental resectiona 2/5 (40)
Segmental resectiona + reconstruction plate 2/3 (66.7)
Segmental resectiona + autogenous graft

+ reconstruction plate
1/6 (16.7)

Autogenous graft 5/6 (83.3)
Alloplastic graft + reconstruction plate 1/1 (100)
Reconstruction plate 0/1 (0)
‘Surgery’ 1/1 (100)

Surgical 17/32 (53.1)
Reconstruction plate + drugs 0/1 (0)
Segmental resectiona + drugs 1/1 (100)

Surgical + drugs 1/2 (50)
Drugs 10/15 (66.7)
Radiotherapy 2/12 (16.7)
Total 37/72 (51.4)

a Resection with continuity defect.
Google Scholar and 10 papers through
hand-searching. Finally, a total of 86 pub-
lications reporting 89 cases were included
for analysis (Supplementary Material,
File S1).

Description of the studies and analyses

Table 1 presents the demographic and
clinical features of all 89 cases of GSD
with involvement of at least one of the
jaws. The mean (� SD) age of the patients
was 31.7 � 18.4 years, and nearly two-
thirds of them were male. Thirty-three
patients presented polyostotic GSD, in
which adjacent bones were involved. Con-
cerning the jaws, the maxilla was the only
jaw bone involved in six patients, the
mandible was the only jaw bone involved
in 64 patients, and both jaw bones were
involved in 19 patients. In 50% of the
cases, the lesion crossed the midline of
the body. Cortical bone perforation was
observed in almost all cases. Half of the
patients were symptomatic, about one-
third presented swelling at the lesion site,
about one-third presented pathological
fracture of the involved jaw during the
course of the disease, about one-third of
the patients had a history of previous
trauma, and approximately a quarter of
the patients had high levels of alkaline
phosphatase. On histopathological analy-
sis of the samples obtained from the
patient’s last surgery, almost three-quar-
ters of the cases showed a predominance
of vascular tissue.
Nearly a quarter of the patients were

only followed up, with no treatment
implemented. Among the other patients,
a great variety of treatments were per-
formed, but most consisted of some type
of surgery with/without additional thera-
pies (42.0%), drugs (20.5%), and radio-
therapy (14.8%). Drugs commonly used
were bisphosphonates, corticosteroids,
calcitonin, chemical compounds contain-
ing calcium, alpha interferon, vitamin D,
or a combination of these. One case treated
with cisplatin + 5-flurouracil was reported
(with no persistence of resorption, fol-
lowed up for 120 months) and another
case treated with denosumab (with no
follow-up information). The patients had
usually experienced a relatively long pre-
vious history of the disease (mean of
3.5 years) before they sought professional
medical help, and that period reached
17 years in one patient. Patients were fol-
lowed up for a mean time of 4 years. The
rate of persistence of resorption after first
treatment was slightly higher than 50%.
Table 2 shows the persistence of resorp-
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tion according to the treatment implemen-
ted.
Five cases of death were reported, of

which three could be related to the condi-
tion. In one case, the patient died after
spontaneous pathological fracture of the
affected cervical vertebrae with subse-
quent transection of the spinal cord7. In
another case, the patient died due to hae-
modynamic instability, cardiac arrest, and
brain death � the lesion extended into the
intracerebral space through the foramen
magnum8. In the third case, with the in-
volvement of several facial, skull, and
vertebral bones, the patient became bed-
ridden due to increasing pain and neck
instability9. This patient eventually be-
came deaf and dumb and lost her sight
in the left eye. The patient was suspected
to have committed suicide after the tra-
cheal cannula was found to be out of place.
In the other two cases, it was not possible
to clearly associate the patient’s death
with the disease. One of these patients
developed acute schizophrenia and sud-
denly collapsed and died10. The other
patient died of severe pleural effusion
after receiving radiation therapy11.
Table 3. Persistence of resorption for the cases o
available information about both the persistence

Factor
Persisten

(%

Involvement
Monostotic 24/45 (53
Polyostotic 13/26 (50

Jaw
Maxilla (a) 2/4 (50.0
Mandible (b) 30/53 (56
Maxilla + mandible (c) 5/14 (35.

Lesion crossed the midline
No 14/36 (38
Yes 23/35 (65

Cortical bone perforation
No 0/2 (0) 

Yes 37/67 (55
Swelling
No 23/46 (50
Yes 14/24 (58

Symptomatic
No 20/36 (55
Yes 17/34 (50

Alkaline phosphatase levels
Normal 8/19 (42.
High 4/8 (50.0

Histology of last surgery
Fibrous 6/14 (42.
Vascular 28/48 (58

Pathological fracture (jaws)
No 23/49 (46
Yes 14/21 (66

OR, odds ratio; CI, confidence interval.
a Pearson x2 test.
b Fisher’s exact test.
c In at least one case, the value of the weigh

positively weighted cases.
Table 3 shows the rate of persistence of
resorption for GSD according to different
factors. The presence of a lesion that
crossed the midline was the only factor
suggested to have an influence on the
persistence of resorption after the first
treatment.

Discussion

The aim of this study was to integrate the
available data published in the literature
on GSD with involvement of the jaws into
an updated comprehensive analysis of its
features, as well as the options for treat-
ment and the frequency of recurrence. A
review of pathological lesions and condi-
tions is important because it provides in-
formation that can improve diagnostic
accuracy, allowing pathologists and sur-
geons to make informed decisions and
refine treatment plans to optimize clinical
outcomes12–16.
Many supposed cases of GSD

were excluded during the selection pro-
cess for this review. The reason for
this was that the team providing treatment
f Gorham–Stout disease involving the jaws acco
 of resorption and the factors included here.

ce of resorption/total
 persistence) P-value 

.3) 0.786a

.0) 

) 0.595b (a–b) 

.6) 0.515b (a–c) 

7) 0.138a (b–c) 

.9) 0.024a

.7) 

0.211b 

.2)

.0) 0.507a

.3) 

.6) 0.642a

.0) 

1) 0.516b

) 

9) 0.306a

.3) 

.9) 0.130a

.7) 

t variable was zero. Such cases are invisible to 
to these patients did not perform
any biopsy when no surgical treatment
was implemented, or did not perform
histopathological examinations when
one or many surgeries were performed.
Some of the diseases included in the
differential diagnosis can only be ruled
out by microscopic examination. Thus a
certain degree of uncertainty was brought
to the diagnosis, even though the clinical
and radiological features of the cases
might have matched those of patients
with GSD.
The differential diagnosis of GSD in the

jaws (Supplementary Material, Table
S1) includes infection (osteomyelitis),
neoplastic diseases (Langerhans cell his-
tiocytosis, Ewing sarcoma, angiosar-
coma), endocrine disorders (e.g.,
osteolytic hyperparathyroidism)17,18, and
other conditions/syndromes that present
with osteolysis, such as Hajdu–Cheney
syndrome, generalized lymphatic anoma-
ly, and Paget disease19. Nevertheless, pro-
gressive and unusually substantial bone
destruction without evidence of repair is
almost pathognomonic for Gorham dis-
ease20.
rding to different factors—for the lesions with

OR (95% CI) P-value

1
0.875 (0.333–2.300) 0.787

1.304 (0.171–9.970) 0.798
0.556 (0.059–5.241) 0.608
0.426 (0.126–1.444) 0.171

1
3.012 (1.145–7.926) 0.026

c

1
1.400 (0.517–3.791) 0.508

1
0.800 (0.312–2.049) 0.642

1
1.375 (0.262–7.220) 0.707

1
1.867 (0.560–6.223) 0.310

1
2.261 (0.778–6.570) 0.134

statistical procedures and graphs, which need
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So far, there is no clear consensus on the
aetiopathogenesis of GSD. Many hypoth-
eses have been raised (Supplementary
Material, Table S2) since Gorham and
Stout proposed that haemangiomatosis
would lead to hyperaemia causing exces-
sive bone destruction21. Hypotheses in-
clude local hypoxia/acidosis and
endothelial dysplasia22,23, enhanced oste-
oclastic activity or increased sensitivity of
osteoclast precursors to humoral factors24–
27, lack of thyroid C cells and calcitonin28,
and proliferation of lymphatic vessels29,30,
among others. A molecular analysis of a
patient with PTEN hamartoma tumour
syndrome and GSD suggested that PTEN
mutation could be the first of two or more
steps in the development of GSD31. More
recently, the whole genome signature was
investigated in the lesions and healthy
tissues of a patient with GSD32. After
filtering for the mutated genes related to
osteogenesis or osteolysis, the investiga-
tors suggested that TNFRSF11A and
TREM2 were the driver genes for the
disease, but further studies are necessary
to confirm this finding.
Despite the fact that the criteria of

Heffez et al. establish an angiomatous
lesion6, it has long been observed that
some lesions develop into more fibrous
lesions2. Thus, fibrous-looking lesions
were not excluded, since these are found
in some cases. After the autopsy of a
patient suspected to have committed sui-
cide because of the consequences of the
advancement of the disease, with analysis
of tissue from several sites, Kawasaki
et al. pointed out that progressive resorp-
tion of bone in GSD is not always accom-
panied by pathologically significant
vascular proliferation9.
The natural history of the process is

unpredictable. Some cases are self-limit-
ing with stability of the affected part33.
The reports in the literature show a great
variety of treatments performed, with ra-
diotherapy appearing to provide better
results in comparison to the other types
of treatment. However, due to the limited
number of cases, it is best concluded that
none of the treatments has clearly been
shown to be effective or associated with a
better prognosis in comparison to the
others. In some cases, the patient’s first
consultation took place after the osseous
resorption had already become inactive, i.
e. the disease process had already sponta-
neously arrested34, or when the affected
bone had already completely disap-
peared35. In many other cases there was
no long-term follow-up after the last ther-
apeutic procedure performed. It is, there-
fore, not possible to state conclusively that
the prognosis for patients with GSD is
good.
No reasonable explanation could be

identified for the possible influence of
lesions that crossed the midline on the
persistence of resorption after the first
treatment. This could be related to the fact
that the continuous process of resorption
would lead these lesions to become large
enough to reach the contralateral side of
the head and neck region, and larger
lesions in a more advanced phase of
resorption would be more difficult to deal
with. However, this is a mere assumption.
Due to the low incidence of GSD, the

current literature is confined to case
reports and case series. There is no stan-
dard treatment so far and the therapy
depends on the patient’s condition. Ther-
apy might include surgery, radiotherapy,
and drugs, with varying degrees of suc-
cess32.
In conclusion, half of the cases of GSD

were found to persist after some treatment
modality and five patients died. Among
the different clinico-radiological and his-
topathological variables investigated, only
the fact of crossing the midline showed an
association with persistence of the lesion.
There remains much to understand about
GSD, a rare condition with no clear con-
sensus on the aetiopathogenesis, an unpre-
dictable clinical course, and no standard
treatment.
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SE-214 21
Malmö
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