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“The great French Marshal Lyautey once asked his gardener to plant a tree.
The gardener objected that the tree was slow-growing and would not
reach maturity for a hundred years.
The Marshal replied, ‘In that case, there is no time to lose, plant it this afternoon’.”

President J.F. Kennedy, address at the University of California at Berkeley, March 23, 1962.
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General introduction and aims of the study
Epidemiology, clinical and radiological features
The central giant cell granuloma (CGCG) was first
described by Jaffe in 1953 as a giant-cell reparative
granuloma of the jaw bones.1 It was hypothesized that the
lesion is not a true neoplasm but merely the result of a
local reparative reaction. The lesions occurred more
frequently in females than in males and were more often
located in the mandible than in the maxilla. The age of
most patients ranged from 10 to 25 years. After this first
publication a number of articles have been published
describing clustered groups of patients with CGCG.
In general, these reports confirmed the epidemiological
characteristics as described by Jaffe.2-5
In most cases the lesion presents as a painless, slow growing
swelling of the jaw. Pain and sensory disturbances are rare.
Intra-orally a swelling with sometimes a bluish-brown
aspect can be observed. Displacement of teeth occurs
frequently and can lead to a malocclusion.
Radiological findings are very diverse, ranging from small
unilocular lesions to large multilocular lesions with
displacement of teeth and tooth-germs, root-resorption
and cortical perforation. In 1993 Whitaker and Waldron
published a group of 142 cases of which 43 % showed
root-resorption while in 36% displacement of tooth-germs
was observed. In 60% of the cases a multilocular lesion
was identified6. These figures are in accordance with
several other publications.7,8 However, in three reports on
radiological features of CGCG the percentages for
root-resorption were considered to be lower.9-11 One
of these reports also mentioned a lower percentage of
multilocular lesions.10
In his publication,1 Jaffe characterized the CGCG as an

indolent “reparative” lesion. In subsequent articles,
however, aggressive lesions were described showing more
resemblance to giant-cell tumors of the long bones.
Therefore, the term “reparative” has been abandoned
but can probably still be used for lesions occurring in
extraction sites or around dental implants. In 1986,
Chuong et al were the first to differentiate between
aggressive and non-aggressive lesions on the basis of signs
and symptoms and histological features.12 Aggressive
lesions are characterized by one or more of the following
features: pain, paresthesia, root-resorption, rapid growth,
cortical perforation and a high recurrence rate after surgical
curettage. Aggressive lesions were also larger in size and
histologically demonstrated a larger fractional surface area
occupied by giant-cells. This was confirmed by Ficarra et
al who demonstrated a higher number of giant cells in
aggressive lesions.13 In the report of Whitaker and
Waldron,6 40% of the cases exhibited aggressive signs and
symptoms. Although they published a large group of
patients, the high percentage of aggressive lesions is
probably not representative for all patients with a CGCG
in the general population due to a referral bias.
Currently, clinical signs and symptoms and radiological features are the only criteria to differentiate between
non-aggressive (indolent) and aggressive lesions. In the
individual patient there are no strict criteria to differentiate
between the two sub-forms. However, the number of giantcells and the volume they occupy relative to other
components of the lesion could give an indication of its
clinical behavior.12,13
Multiple lesions are very rare and are often associated with
a syndrome (i.e. Noonan syndrome or neurofibromatosis
13

type 1) or with cherubism. In 1995 Miloro and Quinn
published a review of the literature on multiple lesions.14
In their report they concluded that there was no proven
true synchronous occurrence of CGCG documented
without an association with a syndrome or the possible
presence of cherubism or hyperparathyroidism. The first
documented case was probably the patient who was
presented in their article. At present, there is no
explanation for the (synchronous) occurrence of these
CGCGs. It is quite possible that further genetic research
will eventually provide an explanation for their origin.

Histology and molecular biology
In CGCG two major histological features are diagnostic.
There is a highly cellular, fibroblastic stroma with plump,
spindle-shaped cells which often show mitosis; the
vascular density is high. In the stroma the giant-cells,
usually irregularly distributed and often most numerous
around areas of hemorrhage, are noted. The multinucleated
giant-cells are prominent throughout the fibroblastic
stroma but not necessarily abundant. Morphology of these
giant-cells varies from case to case; the cell size is variable
and the number of nuclei ranges from only a few to
several dozen. Dystrophic calcification and metaplastic
ossification are often seen, especially around the periphery
of the lesion.15,16
In the literature there has always been a distinct delineation
between the giant-cell tumor of the long-bones (GCT) and
CGCG, the former being more aggressive and more difficult
to treat.17 However, in a clinical and histo-morphologic
comparison between GCT and CGCG only the number of
nuclei in the giant-cells was significantly different.18
Several authors conclude that GCT and CGCG represent a
spectrum of a single disease process modified by the age of
the patient and the site of occurrence.16,18
14

Although they are prominently present, it is not assumed
that the multinucleated giant cells are the proliferating
tumor cells in CGCG or GCT. It is hypothesized that
the giant cells arise from peripheral blood mononuclear
cells which are recruited by the spindle-shaped stroma
cells.19-24 These spindle-shaped cells probably are the
proliferating tumor cells, since they persist in culture after
passing wells and immuno-histochemically stain positive
for the proliferation marker PCNA.19,24 They are
osteoblast-like cells , which express alkaline phosphatase
and are capable of osteoid formation. They also support
osteoclast formation. These osteoblast-like cells derived
from outgrowth culture of CGCG tissue fragments expressed the cytokine RANKL, a factor that induces osteoclast
formation from precursor mononuclear blood cells
expressing RANK. The RANK-RANKL interaction,
necessary for osteoclastogenesis, is effectively blocked by
osteoprotegerin (OPG), a soluble member of the tumor
necrosis factor (TNF) receptor superfamily, which acts as a
“decoy” receptor for RANKL.25 In short; the giant-cells
of CGCG are derived from a subset of mononuclear
phagocytes. These mononuclear precursor cells differentiate into mature giant-cells under the influence of
RANKL-expressing,
proliferating
spindle-shaped
(osteoblast-like) stroma cells.21
In CGTs several involved cytokines have been demonstrated, including RANKL, VEGF (vascular endothelial
growth factor), TNF, MMP-9 and cathepsin K.26-29 In
CGCG only RANKL has been assessed and confirmed.24
VEGF may not only play a role in osteoclastogenesis
but can also be related to neo-angiogenesis At present,
however, VEGF has not been assessed in CGCG. Another
protein that may be over-expressed in GCT and CGCG is
the MDM2 protein.30,31 This protein promotes the
proliferation of the spindle-shaped cells through p53

binding, and is at present the only protein proven to be
associated with the cell cycle of the proliferating tumor
cells. This protein could be a future therapeutic target for
controlling the tumor growth in CGCGs.

Genetic considerations and related diseases
The etiology of CGCG is unknown but the occurrence of
CGCGs in patients with anomalies with a known genetic
origin such as neurofibromatosis type 1, cherubism and
Noonan syndrome (Noonan-like/multiple giant cell lesion
syndrome) indicates that a genetic-related etiology
might be possible. In 1994 a Chinese report described
chromosome abnormalities in giant cell tumors in the
long bones and in 1999 a chromosome translocation in a
CGCG of the distal phalanx was published.32,33 Also in
1999 chromosome translocations in aneurysmal bone
cysts, which are giant cell granuloma-like lesions, were
demonstrated.34,35 It seems in accordance with the more
aggressive nature of giant cell tumors to find chromosome
abnormalities in these lesions. It remains questionable,
however, whether chromosome abnormalities occur in (all)
giant cell lesions.
In 2001 the responsible gene for cherubism was discovered
on 4p16.3 and named SH3BP2.36-38 Also the genes for
Noonan syndrome (PTPN11) and neurofibromatosis type 1
are known.39,40 In a recent report a mutation in the
SH3BP2 gene was described in a case of nonfamilial
cherubism.41 If only the mandible is involved and there is
no family history, it is impossible to differentiate on
clinical grounds between cherubism and multiple CGCGs
in the jaw.
Several authors hypothesized that the onset of the
abnormalities in cherubism and CGCG and their location
restricted presentation may be related to dental

developmental processes in children.11,38,42 There
are indications that the gene SH3BP2 plays a role in
regulating the increased osteoblast and osteoclast activities
that are seen in normal tooth eruption38. In two other
reports it is suggested that point mutations in the
SH3BP2 gene could cause pathologic activation of
osteoclasts, presumably by dysfunction of the SH3BP2
gene in the regulatory pathway of osteoclastogenesis.43,44
In this process, the SH3BP2 gene has an influence on the
regulation of the receptor of parathyroid hormone (PTH)
and PTH-related protein (PTHrP). PTHrP mediates a
reduction in expression of osteoprotegerin in dental
follicle cells, which causes osteoclastogenesis.44-47
Moreover, it is hypothesized that the SH3BP2 gene
mutation has probably some influence on the Msx-1
regulation of tooth development and that the development
of CGCG could be linked to dysregulation of the Msx-1
gene. Non-physiological expression of Msx-1 can lead to a
failure in osteoclastic differentiation, which then causes the
formation of undifferentiated new tissue (granuloma).44
Therefore, a gene mutation responsible for aggressive
CGCG in children could be located near or in the SH3BP2
region. Further understanding of the mechanisms involving
tooth eruption is necessary to evaluate this hypothesis.
In Noonan syndrome and neurofibromatosis type 1 giant
cell lesions occur sporadically but are histologically
identical with the non syndrome linked CGCG. Patients
with the Noonan-like /multiple giant cell lesion syndrome
seem to have a normal (46,XY) karyotype,42 and only the
mutation of Noonan syndrome (PTPN11) is found in
these patients.48,49 It is therefore questionable if the
Noonan-like/multiple giant cell granuloma syndrome is a
separate entity; more likely it is a variant of Noonan
syndrome.
15

The relation between NF1 and giant cell lesions is not
clear. The NF1 gene is located in the pericentric region of
the long arm of chromosome 17 (17q11.2). It is a large
gene of 60 exons and a multitude of mutations have been
identified in patients with the NF1 phenotype.50 There
are only a few reports in the literature describing a patient
with NF1 and CGCG.51,52 At present, no evidence for
involvement of the NF1 gene in the etiology of CGCG has
been found. In some patients there is a strong relation
between NF1 and Noonan syndrome. This phenotype is
named Neurofibromatosis-Noonan syndrome (NFNS) but
these patients only seem to have the NF1 gene mutation
while no mutation in the PTPN11 gene has been found.53
Recently, a patient with NFNS and a CGCG of the jaw has
been described. Unfortunately, no DNA analysis was performed.54
CGCG is only rarely present in patients with a Noonan
genotype (mutation in PTPN11), a NF1 genotype or a
NFNS phenotype. This means that the occurrence of
CGCG in these patients could be coincidental. On the
other hand, it is suggested that for the development of
CGCG in patients with the Noonan-like/multiple giant
cell lesion syndrome a second hit might be needed in the
same gene or in other genes involved in the same
pathway.49 This could also apply to patients with NF1 or
NFNS who exhibit a giant cell lesion.

Hyperparathyroidism
Histologically CGCG cannot be distinguished from the
brown tumors of hyperparathyroidism. Increased PTH
levels can cause an imbalance between osteoclasticosteoblastic homeostasis and calcium-phosphorus regulation
which can lead to bone resorption with fibrous replacement
of the marrow and thinning of the cortex. The brown tumors
are focal lesions found within these areas of bone resorption.
16

Primary hyperparathyroidism is caused by a direct release
of PTH from an adenoma or glandular hyperplasia.
Secondary hyperparathyroidism is related to an imbalance
of calcium and phosphorous metabolism and is often seen
in chronic renal failure.
Since histologically there is no difference between brown
tumors and CGCGs, every histologically confirmed giantcell lesion should be regarded as a potential brown tumor
until serum tests show normal PTH, calcium and
phosphatase levels. When specifically searched for, brown
tumors in the mandible are diagnosed in 4% of all cases of
hyperparathyroidism.55 The incidence of primary
hyperparathyroidism is 0.2% in patients older than 60
years and the estimated prevalence is over 1%, including
undiscovered asymptomatic patients. The disease has a
peak incidence between the third and fifth decades.55,56

Therapy
Surgery
At present, surgical curettage is still the most frequently
applied therapy in CGCG. However, several alternative
treatments have been suggested in literature, including
corticosteroid injections, calcitonin and interferon (IFN)
alpha. In several studies the results of surgical therapy
have been evaluated and recurrence rates ranging from 1149% have been reported.2-4,6,12 Recurrences in patients
with aggressive signs and symptoms are even more frequent. Chuong, for instance, reported a recurrence rate of
72% in aggressive lesions.12 In a study on 18 patients
with an aggressive CGCG a surgical resection was
performed with margins of approximately 0.5 cm of
healthy tissue surrounding the lesion.57 In only 1 patient
(6%) a recurrence was reported. Such an extensive surgical
therapy, however effective in these aggressive lesions,
resulted inevitably in loss of teeth and tooth-germs and in

disturbances in the function of the inferior alveolar nerve.
It is therefore questionable whether this form of therapy
should be applied in the treatment of benign lesions such
as CGCG.
Corticosteroids
In 1988 Jacoway et al first reported on the treatment of
CGCG with corticosteroids,58 and in1994 Terry and
Jacoway presented 4 patients treated with steroids.59 A
weekly injection of steroids into the lesion during a period
of 6 weeks resulted in a complete resolution in 3 patients,
while 1 patient needed additional surgery. After these first
documented cases, a few other authors also reported
favorable results from the intralesional administration of
corticosteroids as a therapy for CGCG.60-65 However,
there are no controlled studies published on this therapy
and the mode of action is not fully understood. It is
hypothesized that the extracellular production of bone
resorption mediating lysosomal proteases by the giant
cells is inhibited and steroids induce apoptosis of
osteoclast-like cells.65-68 As a result, the administration of
corticosteroids inhibits bone resorption. Moreover, the
steroids also diminish the proliferation and differentiation
of osteoclasts.69 The cumulative effects of these mechanisms
are presumed to result in the resolution of CGCG. However,
the fact that corticosteroids are also known to enhance bone
resorption and cause osteoporosis is contradictory.
Calcitonin
Calcitonin causes an increased influx of calcium into the
bones and thus functions antagonistically to parathyroid
hormone. It is produced under the influence of the
serum-calcium level in the interstitial tissue of the thyroid
gland in the so-called C-cells. There is also a slight
production in the parathyroid glands and in the thymus.

Calcitonin therapy is based on an immunohistochemical
study, using osteoclast-specific monoclonal antibodies to
demonstrate that giant cells in CGCGs are osteoclasts.70
Indirect evidence for this was provided by the in vitro
reaction of giant cells to calcitonin and by the behavior of
giant cells in cortical bone, showing bone excavation
typical ofosteoclasts.70,71 It has been demonstrated that
giant cells express calcitonin receptors.72 These calcitonin
receptors were also detected on giant cells from giant cell
tumors elsewhere in the skeleton.73 It is assumed that
giant cells are directly inhibited in their function by
calcitonin. Harris was the first to report on the use of
synthetic human calcitonin as a therapy for CGCG.74 In a
study on five patients a total remission of the lesions was
obtained. The successful use of human calcitonin in the
treatment of CGCG has also been demonstrated by
others.75,76,77 However, Kaban et al reported ongoing
growth of a lesion during human calcitonin treatment.78
At present only salmon calcitonin is commercially
available. The previously used synthetic human calcitonin
is no longer on the market. Theoretically the effect of
salmon calcitonin is stronger than the effect of human
synthetic calcitonin; 50 IU of salmon calcitonin appears to
be equipotent with 75-90 IU human calcitonin (one unit
of calcitonin is a quantity based on the hypocalcaemic
effect under standardized experimental conditions in
rats).79 However, human calcitonin could be less
immunogenic. An in vitro study showed that there is no
difference in the effect of human or salmon calcitonin on
the inhibition of osteoclastic bone resorption.80
In a report on 9 patients treated with subcutaneous
injection of salmon calcitonin there was no tumor
reduction in the first 4-6 months of therapy, but thereafter complete resolution of the lesions occurred in 8
patients during an 18 month treatment period.81 Salmon
17

calcitonin in the form of a nasal spray has been successfully
used in 4 patients.82,83 The mode of administration
(subcutaneous injections or nasal spray) might also influence
the therapeutic response to calcitonin. Bio-availability is
70% in subcutaneous injections and 3-25 % in a nasal spray.
The question remains whether intranasally administered
salmon calcitonin is as effective as subcutaneously injected
human calcitonin in the treatment of CGCG.
Interferon
Interferon (IFN) is an antiviral and anti-angiogenic agent
which is used in a variety of conditions, including lifethreatening hemangiomas and several types of malignant
tumors. IFN is produced by recombinant DNA technology
or is purified from cultured human cells. Amongst other
effects, IFN suppresses the production of fibroblast growth
factors (FGF) which are involved in neo-angiogenesis in
tumors. The clinical observation that aggressive CGCGs
may be highly vascularised and the fact that IFN has been
successful in the treatment of infantile hemangiomas, has
led to the hypothesis that CGCGs are proliferative
vascular lesions that would possibly respond to
anti-angiogenic therapy.83,84
In the literature a few well documented case-reports have
been published on the use of IFN alpha in combination
with conservative surgical debulking as a treatment for
aggressive CGCGs.83-85 In these cases the combined
therapy has resulted in complete remission of the tumor.
However, the very combination of IFN-therapy and surgery
makes it impossible to assess the relative contribution of
each form of therapy to the ultimate result. In another
report, a patient with a rapidly expanding CGCG in the
mandible was treated with IFN without additional
surgery, resulting in resolution of the lesion beginning
after 3 months and complete bony regeneration after 8
18

months.86 Another, preliminary study showed significant
intralesional bone formation on CT-analysis after 2 months
of treatment with IFN, but mentioned no final
results.87
IFN administered as a mono-therapy for aggressive CGCG
seems capable of terminating the rapid growth of the
lesions and consolidate or even diminish their size, but it is
probably still necessary to apply additional surgery in order
to eliminate the lesion. The reason that total remission of the
lesions can not be achieved, in spite of high doses of IFN, is
probably due to the fact that the proliferating tumor cells are
of fibroblastic origin (mononuclear spindle cells) and are no
endothelial cells. As a result, IFN has no direct inhibiting
effect upon the proliferating tumor cells. The limited
number of endothelial cells in the lesion are surrounding the
supporting tumor capillaries.21,88 Therefore, IFN seems
capable of terminating the rapid growth and even
causes limited regression, probably by inhibiting the
neo-angiogenesis in the lesion. In view of the considerable
side effects of IFN,89 this form of therapy should only be
considered if other therapeutic options have failed.
Osteoprotegerin and human monoclonal antibody to RANKL
Proteins that play a role in osteoclastogenesis are a
possible target for control of CGCG. One of these proteins,
RANKL, an essential cytokine for osteoclastogenesis,
has recently been demonstrated in CGCG.19,22
Osteoclast formation involves the interaction between
stromal cells which express the receptor activator of
nuclear factor κB ligand (RANKL) and mononuclear
osteoclast precursors expressing the receptor activator of
nuclear factor κB (RANK). Moreover, RANKL is also a
potent stimulator of osteoclast bone resorbing activity.90
These processes are inhibited by osteoprotegerin (OPG),
which is a decoy receptor for RANKL, and also by a

monoclonal antibody to RANKL (AMG 162). Since the
giant cells in CGCG are osteoclasts, 71 this indicates that
osteolytic expansion in CGCG can theoretically be
controlled by therapeutic agents that inhibit the
RANKL/RANK interaction, such as OPG and AMG162.
At present, OPG and AMG 162 are being evaluated for
therapeutic use, mainly in studies in postmenopausal
women.91,92 These reports indicate that both OPG
and AMG 162 are rapidly effective and profoundly
reduce bone turnover for a sustained period. However, a
comparison of OPG and AMG 162 indicates that AMG
162 has superior anti-resorptive characteristics with no
potential adverse effects.92 It may therefore be valuable in
the treatment of diseases characterized by osteolytic
processes, such as CGCG.
Theoretically OPG/AMG 162 and calcitonin could be
synergistic, since OPG/AMG 162 inhibits the formation
of osteoclast-like cells, while calcitonin hampers their
function. An eventual combined use of these agents is
potentially promising as a therapy for CGCG.
All the non-surgical therapies discussed above do not have
any direct effect on the proliferating cells (i.e. the stromal
mononuclear spindle-shaped cells) in these lesions. They
target either on the recruitment or function of the
osteoclast-like giant cells (corticosteroids, calcitonin and
OPG/AMG 162) or on the endothelial cells (IFN). This
means that further study could also focus on gaining control
of the mononuclear spindle cells since, theoretically, this
gives the greatest therapeutic benefit. There are several
other proteins that may play a role in the osteoclastogenesis
in CGCG. Some of these are already identified in CGT, and
include TNF, cathepepsin K, MMP-9 and VEGF. Further
research might identify one or more of these proteins as a
suitable therapeutic target.

Aims of the study
The aim of this study is (1) to describe the epidemiological
features of central giant cell granuloma of the jaw in The
Netherlands and to assess the outcomes of surgical therapy,
(2) to discuss the rationale of calcitonin and interferonalpha-therapy and to evaluate the effectiveness
of calcitonin therapy in a randomized clinical trial (RCT)
and (3) to appraise the etiology of CGCG and to evaluate
the relation between CGCG and associated disorders, such
as cherubism, Noonan syndrome and neurofibromatosis
type 1.
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Incidence and disease-free survival after surgical therapy of central giant-cell
granulomas of the jaw in The Netherlands: 1990-1995
Abstract
Background: The central giant cell granuloma of the jaw
is a rare benign tumor with an unknown etiology.
Epidemiological data on CGCGs in a general population
are not available nor are data on the overall outcome
of surgical therapy. In this paper an overview of these
aspects in the Dutch population from January 1 1990 till
January 1 1995 is presented. Methods: All CGCGs that
have been diagnosed and surgically treated in The
Netherlands from 1990 till1995 were evaluated.
Results: The incidence is 0,00011% and the disease-free
survival after surgical therapy after 5 years is 76,1%. There
is a significantly higher recurrence rate in young males
which can not be explained by clinical signs and
symptoms of the lesion.
Conclusion: The CGCG is a rare affliction with a high
recurrence rate after surgical therapy especially in young
males.

Introduction
Central giant cell granuloma (CGCG) is a rare benign
affliction, that usually occurs in the mandible and
the maxilla.1,2 It can cause destruction of the bone,
asymmetrical changes of the face and displacement of
teeth and tooth germs, especially in younger patients. It
has a high recurrence rate after surgical therapy. However,
there are neither epidemiological data available on CGCGs
in a general population nor are there any data available on
the overall outcome of surgical therapy. All previous
studies were based on clustered groups of patients from
one or more institutes. In this study we present an unique

overview of these aspects of the CGCG in the Dutch
population.

Material and Methods
A population-based retrospective study was carried
out, examining all CGCGs between January 1 1990
and January 1 1995 through PALGA (Pathologisch
Anatomisch Landelijk Geautomatiseerd Archief). PALGA
is an automated registration system with 100% coverage
of all histology diagnoses in The Netherlands.
For each case, the treating physicians provided information
regarding symptoms at presentation, age, sex, location and
radiological features. Furthermore we gathered
information on the applied therapy and the follow-up
including the check-up X-rays.
For each year, the population at risk was derived from data
provided by the Central Bureau of Statistics (CBS). Crude
and age-specific (5-year age groups) incidence rates were
calculated per 1,000,000 inhabitants over a 5-year period.
Adjustment for age was achieved by means of the World
standard and European standard populations that resemble
the population in the 90s. The cumulative incidence risk
(CIR) at age 75 was computed accordingly to the formula
CIR = {1-exp(- sum(no/N)}x100%.
Disease prognosis was measured in terms of disease-free
interval/recurrence risk after surgical intervention. The
patients medical records were checked until January 1
2001. To analyze disease-free survival, Kaplan-Meier
curves were calculated according to sex and age groups
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(0-19 yr and 20+ yr) and differences between survival
curves were assessed with the log-rank test. For
comparison of qualitative parameters the chi2 test was
used and for comparison of quantitative parameters the
t- test was applied.

Results
From January 1 1990 to January 1 1995, 96 patients with
a CGCG were identified. 8 patients had a recurrence of a
lesion from an earlier period. As a result 88 new CGCGs
were diagnosed. Of these 88 patients, 85 underwent
surgical therapy and 3 patients were treated with human
calcitonin.
Table 1 shows a summary of the characteristics according
to sex. Overall more females (n=49) than males (n=39)
were diagnosed with CGCG. Although the mean age at
diagnosis is similar for males and females, 35,9% of males
were diagnosed with CGCG before the age of
14 (compared to 10,2% of females in this group). No
differences between males and females were found for the
various clinical symptoms and the duration of follow-up.
CGCG occurred more often in the mandible than in the
maxilla in both males and females.
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Table 1 Distribution of characteristics of CGCG according to sex.

Age (yrs)
0-14
15-29
30-44
45+
Location
Mandible
Maxilla
Mandible + Maxilla
Clinical symptoms (% yes)
Asymptomatic
Swelling
Pain*
Paraesthesia*
Multilocular
Root resorption*
Displacement of teeth

No.

Male
n=39
%

No.

Female
n=49
%
P valuea

14
7
6
12

35.9
17.9
15.4
30.8

5
22
16
6

10.2
44.9
32.7
12.2

0.001

29
10
0

74.4
25.6
0.0

30
17
2

61.2
34.7
4.1

0.255

12.8
59.0
0.0
2.6
10.3
20.5
20.5
±SD
21.6
2.8

6
28
3
2
11
6
9
Mean
30.0
6.7

12.2
57.1
6.1
4.1
22.4
12.2
18.4
±SD
14.6
3.2

0.935
0.863
0.202
0.697
0.131
0.670
0.800
P valueb
0.885
0.137

5
23
0
1
4
8
8
Mean
Age of patient at diagnosis (yrs) 30.6
Duration of follow-up (yrs)
7.7
a Two-tailed chi2 test
b Students t-test
* Aggressive symptoms

Incidence
Table 2 shows the age-specific distribution of CGCG
according to sex. In 1990-1995 the age-adjusted
(European standard) incidence rates for CGCG were 1.05
per 106 person-years for males and 1.25 for females.
Overall the incidence was 1.10 per 106 for the whole
population. The incidence of CGCG reaches a peak in
males between age 10-14 years and females between age
15-19 years. The estimated risk for Dutch inhabitants to
develop CGCG between ages 0-74 years is 0.04% for
males and 0.05% for females.

Table 2: Age-specific and age-adjusted incidence of CGCG, per
1,000,000 person-years, 1990-1995
Male

Female

Age (yrs)
0-4
5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84
85+

0.82
1.30
3.46
1.17
0.00
0.60
1.87
1.01
0.67
0.00
1.45
1.10
1.22
0.00
0.93
1.36
0.00
0.00

0.00
0.45
1.81
3.65
2.28
1.89
1.95
2.09
1.40
0.41
0.50
0.00
1.13
1.18
0.00
0.00
0.00
0.00

All ages
N
ESR
WSR
Cum. Risk (0-74 yrs) %

39
1.05
1.10
0.04%

49
1.25
1.33
0.05%
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Survival
For patients diagnosed between 1990 and 1995 in The
Netherlands, the disease-free survival period (%) at 1,3
and 5 years after surgical intervention is 93.2%, 80.7%
and 76.1% respectively. In males the percentage
disease-free survival was significantly better for older than
for younger patients (p=0.0269); no significant differences
in survival rate were observed between older and younger
women (Figure 1). In a separate analysis a higher
recurrence rate in the maxilla region, compared to lesions
in the mandible, was seen in the first year after treatment.
However this was not statistically significant.

However, the mean age and sex distribution differ slightly
from other publications.1-5
Previous data show that the lesion was seen at least twice as
often in the mandible than in the maxilla. This study
confirmed these findings. In our study, the clinical and
radiographic features show less aggressive signs and
symptoms than in other reports.1,2 This difference is
possibly due to the fact that only the more aggressive
lesions are seen in the specialized clinics and therefore give
bias when these patient groups are clustered and reviewed.
The literature only gives overall recurrence rates; the
figures vary between 11% and
35%. In our study, the diseasefree
survival (%) after 5 years is
76.1% which is a disappointing
result for treatment of a benign
lesion. Other authors have
reported better results with
different treatment options
such as administration of
calcitonin.6,7 or a combination
of curettage and interferon alpha
injections.8 However, these are
all case-reports and there is no
randomized study available to
support the favorable outcome of
these alternative therapies.

Discussion
Contrary to earlier reports this study was based on a whole
population, since all first diagnosed CGCGs in The
Netherlands between 1990 and 1995 were included. The
incidence of 0.00011% in the Dutch population is very
low and there are no other data available for comparison.
Age distribution is in accordance with earlier reports.
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The higher recurrence incidence in younger people could
also be confirmed and is in accordance with other
authors.1,2 Contrary to other reports, 1 there was no
significant difference in recurrence rate between the
mandible and the maxilla. This study showed a significantly
higher recurrence rate in young males, which can not be

explained by clinical signs and symptoms of aggressive
growth. Further research is necessary to clarify this finding.
CGCG is a rare disease with an incidence rate of 0.00011%
in the Dutch population. Surgical curettage is the therapy
most commonly used, but has a disease-free survival at 5
years in only 76.1% of cases.

central giant cell granuloma of the jaw with
calcitonin. Int J Oral Maxillofac Surg 1999;28;372-6
8 Kaban LB, Troulis MJ, Ebb D, August M, Hornicek
FJ, Dodson TB: Antiangiogenic therapy with
interferon alpha for giant cell lesions of the jaws.
J Oral Maxillofac Surg 2002; 60;1103-1111.
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Clinical and radiological features of central giant cell lesions of the jaw
Abstract
Objectives: The purpose of this study was to evaluate the
clinical and radiological features of central giant cell
lesions that were diagnosed in The Netherlands between
January 1 1990 and January 1 1995.
Study design: A population-based retrospective study was
carried out, examining all patients with a central giant cell
lesion from this period.
Results: In 83 patients there was a central giant cell
granuloma (89 lesions). Aggressive signs and symptoms
(pain, paresthesia or root resorption) were found in16
patients (19,3%). Multiple lesions occurred in 3 patients
(3,6%). The overall recurrence rate was 26,3% and there
was a higher recurrence rate in patients who exhibited
aggressive signs and symptoms than in patients without
these features (RR 1,60). In 5 patients a clinical diagnosis
of cherubism or concomitant neurofibromatosis type 1 was
made (14 lesions).
Conclusion: In a general population large and aggressive
lesions are less common than suggested by the literature.
Multiple lesions, however, occur more frequently than
previously assumed. In patients with aggressive sign and
symptoms, surgical curettage is not an effective therapy.

Introduction
The central giant-cell granuloma (CGCG), first described
by Jaffe in 1953 1, is a benign lesion that usually occurs in
the mandible and the maxilla. The origin is unknown but
there are indications that genetic abnormalities are
implicated 2-5. The most commonly used therapy is
surgical curettage but other treatment options have also
been recommended 6-12.

The literature shows that the lesion generally appears
before the age of 30 and occurs twice as often in the
mandible than in the maxilla 13-19. CGCGs occur more
frequently in women than in men, and the reported
recurrence rate after surgical curettage ranges from 1149% 13-15,17,18. In an earlier study we presented an
overview of the incidence of CGCGs in The Netherlands
20. In this paper we discuss the clinical and radiological
features of giant cell lesions of the jaw and related
disorders in the Dutch population over the period
1990-1995.

Material and Methods
We reviewed all histologically confirmed giant cell lesions
in The Netherlands from 1990 till 1995 through PALGA
(Pathologisch Anatomisch Landelijk Geautomatiseerd
Archief). PALGA is an automated registration system
with 100% coverage of all histology diagnoses in The
Netherlands.
The data were retrieved from the records of the patients
with CGCG we screened for our earlier paper 20. The data
were evaluated in 2002, so that sufficient time had elapsed
to reliably evaluate the clinical course of the giant cell
lesions.
From the records data on epidemiology, symptoms at
presentation, location and radiological features were
extracted. We also recorded related diseases or syndromes,
tests on hyperparathyroidism and other diagnosis-related
tests. Furthermore, the applied therapy and follow-up
were evaluated. The above data provided a comprehensive
overview of central giant cell lesions in the Dutch
population.
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Results
From 1990 till 1995, 124 patients with giant-cell lesions
were recorded, of whom 24 patients exhibited extra osseous
or peripheral lesions. In 4 patients hyperparathyroidism
was found and in 5 patients cherubism or a concomitant
syndrome was diagnosed. This resulted in 91 patients with
CGCG. In 8 patients the CGCG was a recurrence of a
lesion from an earlier period, so that 83 patients with new
CGCGs were diagnosed over the period 1990-1995
(male/female = 36/47). The mean age at the time of
diagnosis was 30.8 years (table 1).
In 16 of these 83 patients (mean age 27,3 years) one or more
aggressive signs and symptoms (paresthesia, pain or root
resorption) were found.

Patient 1

Table 1. Age and sex distribution in patients with
CGCG (n=83).
Age

number of males

number of females

0-10
11-20
21-30
31-40
41-50
51-60
61-70
> 71

7
7
5
4
2
7
2
2

1
15
12
9
5
2
3
0

8 (9,6%)
22 (26,5%)
17 (20,5%)
13 (15,7%)
7 (8,4%)
9 (10,9%)
5 (6,0%)
2 (2,4%)

total

36

47

83 (100%)

mean age: 30,8 years.
median: 26,0 years.
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Location
In 26 of the male patients with CGCG (72,2%) the lesion
was located in the mandible and in 10 males (27,8%) in the
maxilla. In 29 of the female patients (61.7%) the lesions
appeared in the mandible and in 17 females (36,2%) in the
maxilla, while 1 female (2,1%) had one lesion in the
mandible and two lesions in the maxilla. Since 2 additional
patients exhibited more than one lesion in the mandible, 3
of the 83 patients (3,6%) presented with multiple lesions
(table 2)( Fig 1). In all, a total of 89 lesions were present in
the 83 patients. Of these lesions, 60 (67,4%) were situated
in the mandible and 29 (32,6%) in the maxilla. In the
maxilla 75% of the lesions were located in the anterior
region, while in the mandible this was the case in 50%. Fig
2 graphically shows the distribution of the CGCGs in the
mandible and the maxilla.

total
Patient 2

Patient 3

Figure 1: Localization of lesions in patients with multiple
CGCG. See Table 2 for detailed description of these three cases.

Figure 2: Distribution of the central giant cell lesions within
the jaws.

Radiographic features
A wide diversity of radiographic features was seen, ranging
from small apical lesions (9,0%) to large destructive
multilocular radiolucencies involving a large part of the
mandible or maxilla (10,1%). A multilocular aspect was
present in 14 lesions (15,7%) and 75 lesions (84,3%) were
unilocular. In 13,5% of the lesions root resorption was
seen and in 18,0% displacement of teeth. Data on
radiographic features are presented in table 3.

Table 2. Patients with multiple CGCG (n=3).
Patient age/
localization
number
meta/
gender
of lesions synchronous
1
12/male mandible
4
meta
1. left 3rd molar region ( 2cm)
(2syn)
2. left premolar region (1cm),
diagnosed 3 years after lesion 1.
3+4. left 2nd molar region (1cm)
and left ramus (2cm), both lesions
simultaneously diagnosed
4 years after lesion 1.
2

3

20/female mandible
2
1+2. left ramus (1,5 resp.3 cm).

syn

36/female mand.+max.
3
1. right anterior region
maxilla (3cm).
2. left anterior region
maxilla (2cm),
diagnosed 1 year after lesion 1.
3. right anterior region
mandible (2cm),
diagnosed 3 years after lesion 1.

meta

Table 3. Radiographic features in CGCG of the
jaw (n= 89).

Large destructive
lesions (n=9)

Multilocular (n=14) Unilocular (n=75)
9
0

Small apical
lesions (n=8)

0

8

Root resorption
(n=12)

3

9

Tooth displacement 6
(n=16)

10

Clinical symptoms
The majority of patients were asymptomatic. Paresthesia
was present in 3 patients and another 3 patients had a
painful swelling. However, the most common feature was
an asymptomatic swelling of the face or in the oral cavity.
In 5 patients the lesion was associated with a disorder of a
known genetic origin: 2 patients had neurofibromatosis
type 1, 1 patient had neurofibromatosis type 1 with a
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Noonan-like phenotype and in 2 patients a clinical
diagnosis of cherubism had been made (table 4).

Table 4. Patients with central giant cell lesions exhibiting a
concomitant syndrome or diagnosed as cherubism (n=5).
Patient age/
localization
number
meta/
gender
of lesions synchronous
1
12/male mandible
2
syn
1+2. left and right ramus (5cm).
2
37/female mandible
5
meta
1. left posterior region (1cm)
(2syn)
2. midline region (3cm)
3. left posterior region (1cm)
4+5. right posterior region,2 lesions
(1cm) diagnosed simultaneously
3
31/female mand.+max.
4
meta
1+2. left posterior region
(2 syn)
maxilla (4cm) and left
premolar region mandible (3cm),
both lesions diagnosed
simultaneously
3. right premolar region
mandible (2cm)
4. right anterior region
maxilla (2cm).
4
11/male mand.+max.
2
meta
1. left premolar and posterior
region mandible (4cm).
2. right premolar region
maxilla (2cm).
5
17/male mandible
1
1. midline region (2cm).
Number 1 and 2 : clinical diagnosis of cherubism
Number 3 and 5: neurofibromatosis type 1
Number 4: neurofibromatosis type 1 and a Noonan-like phenotype.
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Therapy
Of the 83 patients with a CGCG, 80 underwent surgical
curettage and 3 patients were treated with human calcitonin.
In the group treated surgically, 21 patients (8 males and 13
females) were diagnosed with a recurrence, i.e. an overall
recurrence rate of 26,3% (22.2% in males and 27,7 % in
females). Recurrence rates in the mandible and the maxilla
were 23,2% and 28,6% respectively. In patients with a
recurrence the mean age was 24,7 years, and in patients
without a recurrence 33,3 years. The mean time between the
initial therapy and the moment of recurrence was 2.5 years
(range: 5-111 months). The follow-up varied widely, from 0
to 10 years. Of the 21 patients with a recurrence, 6 patients
belonged to the group of 16 patients with one or more
aggressive signs and symptoms, while the remaining 15
patients were part of the group of 64 patients without
aggressive characteristics. Therefore, the relative risk (RR)
for a recurrence after surgical therapy in patients with a
CGCG and aggressive signs and symptoms is 1,60 (95%
Confidence Interval: 0,74-3,46) compared to patients
without aggressive features (table 5).

Table 5. Recurrence in patients with or without aggressive signs
and symptoms

recurrence
yes
no
total

aggressive signs and symptoms
present
absent
6
15
10
49
16
64

In the group of patients with aggressive signs and
symptoms and a recurrence the mean age was 20,5 years,

whereas in patients with a recurrence but without
aggressive characteristics the mean age was 26.3 years.
The 3 patients treated with calcitonin exhibited large,
destructive lesions (> 4 cm) with displacement of teeth
and tooth germs, but showed no recurrences after a mean
follow-up of 7 years. Hyperparathyroidism was routinely
checked in only 49% of patients.

Discussion
Until recently, information on the epidemiological features
of CGCGs was based on clustered groups of patients, and
as such provided no indication of the occurrence of
CGCGs in a general population. In a previous paper on
epidemiological findings of CGCG in The Netherlands 20
we found an incidence of 0,00011% in the Dutch
population. In the absence of similar data from other
general populations, we assume that this figure
approximately represents the incidence of CGCG elsewhere
in the world. In the present study we obtained data on the
clinical and radiological features of all central giant cell
lesions that were seen in The Netherlands between 1990 and
1995. Furthermore, it was possible to compare the outcome
of the surgical therapy of CGCG showing aggressive signs
and symptoms with that of non-aggressive lesions.
Location
Previous studies have shown that the CGCG occurs at least
twice as often in the mandible than in the maxilla 16-22.
The present study confirms these findings since 67,4%
of the CGCGs were seen in the mandible. Also, the
distribution of the lesions within the jaws was comparable
with other reports 17,18. Most lesions in the maxilla
appeared in the anterior region whereas in the mandible
the lesions are more equally distributed between the
anterior and posterior jaw. As noted by others 18, there is

no ready explanation for this discrepancy. In 3 patients
with CGCG there was more than one lesion, either in one
or both jaws. While this is a common feature in
cherubism, the occurrence of multifocal lesions in patients
with CGCG is reported to be extremely rare 23,24. In 1 of
the 3 patients there were synchronous lesions, while in
the other 2 patients the multiple lesions occurred
metachronously. In 1 of the latter patients, however, the
last 2 lesions (of a total of 4) occurred synchronously (table
2). Hyperparathyroidism was excluded in these patients.
This means that multiple lesions in patients with CGCG
(3,6%) is a more common phenomenon than was
previously assumed 23.
Radiographic features and clinical symptoms
Of all CGCGs in the present study, 9,0% were small
apical lesions and 10,1% large multilocular lesions with a
diameter of more than 4 cm. Root resorption was seen in
13,5% and occurred predominantly in the large lesions.
These data are in accordance with an earlier report on the
radiological features of CGCGs 16 but differ considerable
from data presented by other authors 18,19,22. Since
earlier reports consisted of clustered groups of patients
treated in specialized centers, these differences may be due
to referral bias with inclusion of only the larger and more
aggressive lesions. In the present study the whole of a
general population was evaluated so that the results also
include the smaller and indolent lesions. CGCGs show a
wide variety in clinical behavior. On one side of the
spectrum there are small lesions that show no aggressive
features, such as rapid growth, root resorption, paresthesia
or pain, while on the other side we see large multilocular
lesions with aggressive features and frequent recurrences
after local curettage. This poses the question whether these
manifestations of CGCG are merely the extremes of a
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continuum or whether they are in fact separate and
distinct entities 18,21.
Therapy
The recurrence rate of 26,3% in the present study is not an
encouraging figure for the treatment of benign lesions. In
the literature recurrence rates vary between 11% and 49%.
In so-called aggressive lesions, with rapid growth, root
resorption, pain or paresthesia, a very high recurrence rate
was reported 15,25. This was confirmed in our study since
the difference in recurrence rate between aggressive lesions
and non-aggressive lesions was significant. In accordance
with observations of other authors 7,18, we also found a
higher propensity for recurrence in younger people.
Moreover, recurrences from aggressive lesions were mostly
observed at an even younger age. This indicates that
surgical curettage in younger patients with large lesions
exhibiting aggressive signs and symptoms is not an effective therapy. Furthermore, it is questionable whether these
aggressive lesions are in fact the same lesions as the
indolent type of CGCG we see mostly in older patients.
The only common feature between the two manifestations
of the lesion is the histology, but the clinical and radiological signs and symptoms and recurrence rates differ
enormously. Therefore, it could well be that there is a
difference in etiology. On the one hand, the more indolent
type of CGCG might be merely ‘reactive’ in origin,
considering for instance the association of some lesions
with a status after tooth extraction. This is also suggested
by the fact that in one of our patients a lesion occurred
around a dental implant. In aggressive lesions, on the other
hand, an as yet undiscovered genetic abnormality might
play a role, possibly involving genes regulating the
development and shedding of teeth 26. There was a small
difference in recurrence rate between maxilla and mandible
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(28,6% and 23,2 %, respectively). A possible explanation
for the higher recurrence rate in the maxilla may be that at
this location surgical curettage is more difficult 14.
Calcitonin
In the three patients treated with calcitonin no recurrences
were observed. Calcitonin is a hormone with a direct
inhibiting effect on osteoclasts which causes an increased
influx of calcium into the bones. It is produced under the
influence of the serum calcium level in the thyroid gland and
parathyroid glands. The calcitonin used in these patients was
synthetic human calcitonin that is no longer available on the
market. All three patients had a documented follow-up of
more than 7 years and, although this is a very small group,
calcitonin therapy may prove to be a good alternative to
surgery 6,8-10,12. However, it is not yet clear whether the
presently available salmon calcitonin has the same effect on
these lesions as synthetic human calcitonin. Nor do we know
whether calcitonin is effective in all patients. In this study
the patients treated with calcitonin were 4, 11 and 13 years
old and had large, destructive lesions. Therefore, it remains
to be seen whether this therapy will also be successful in
more indolent lesions and in older patients.
Related disorders
Two patients in the present study were diagnosed with
cherubism, an autosomal dominant disorder with large
bilateral giant-cell lesions in the mandible and sometimes
in the maxilla. Rarely, these lesions may be associated with
other foci in the metacarpal bones, humerus, ribs, pelvis,
femur and tibia 27. Histologically, the lesions are not
distinguishable from CGCGs even though some authors
indicate that sometimes characteristic eosinophilic
perivascular cuffing is present in cases of cherubism 28.
Therefore, at present, the diagnosis of cherubism is largely

made on the clinical and radio-logical findings. In the 2
patients who were diagnosed as cherubism, the characteristic
facial abnormality was lacking and the diagnosis was solely
based on the synchronous presence of bilateral CGCGs on the
radiographs. The diagnosis of cherubism in patient 2 (table
4) is questionable considering the age of the patient and the
fact that over a period of 28 years a number of small lesions
occurred in different locations in the mandible. Recently, the
position of the genetic defect of cherubism has been
discovered on chromosome 4p16.3 and in the gene named
SH3BP2 2-4. This means that a diagnosis of cherubism
should from now on also be based on DNA analysis.
In three patients with CGCG a diagnosis of
neurofibromatosis type1 had been made previously.
Incidence for neurofibromatosis type1 is estimated to be 1
in 2500 to 3300 and it is the most common autosomal
dominant condition in humans 29. Two of these patients
exhibited more than one lesion while in the third patient
there was only a solitary lesion. Multiple CGCGs are often
associated with hyperparathyroidism 24. In two of the
patients hyperparathyroidism was excluded. One patient
had recurrent multiple lesions in the mandible and the
maxilla which were repeatedly surgically removed. In the
second patient, published previously 30, a Noonan
phenotype was seen associated with neurofibromatosis and
possible occult hyperparathyroidism. This patient
underwent two surgical procedures to eliminate the jaw
lesions. Unfortunately, the patient died at the age of 17 as
a result of respiratory insufficiency. The third patient had a
solitary lesion that was surgically treated and did not recur.
Noonan-like/multiple giant-cell lesion syndrome is a rare
condition with cherubism-like giant-cell lesions. Patients
often show the Noonan syndrome gene (PTPN11) mutation,
but lack the cherubism mutation (SH3BP2) 31.

Therefore, it is most likely that the giant-cell lesions are part
of the spectrum of symptoms of Noonan syndrome.
Hyperparathyroidism
Increased PTH levels can cause an imbalance between
osteoclastic-osteoblastic homeostasis and calciumphosphorus regulation which can lead to bone resorption
with fibrous replacement of the marrow and thinning of
the cortex. The so-called brown tumors are focal lesions
found within these areas of bone resorption.
Primary hyperparathyroidism is caused by a direct release
of PTH from an adenoma or a glandular hyperplasia.
Secondary hyperparathyroidism is related to an imbalance
of calcium and phosphorous metabolism and is often seen
in chronic renal failure.
Since histologically there is no difference between brown
tumors and CGCGs, every histologically confirmed giantcell lesion should be regarded as a potential brown tumor
until serum tests show normal PTH and calcium levels.
In the present study brown tumors due to
hyperparathyroidism were diagnosed in 4 patients, but the
calcium and PTH levels were only checked in 49% of the
patients with a histological diagnosis of CGCG. However,
all patients with a recurrence were routinely checked for
hyperparathyroidism. This means that none of the patients
who were not checked for hyperparathyroidism showed a
recurrence. Therefore, we assume that there were no other
cases of hyperparathyroidism in the total group of
patients. Nevertheless it should be a routine test in all
patients with a histologically confirmed CGCG, since the
treatment of a patient with a brown tumor is very different
from that in a patient with normal PTH levels.
Our findings show that the diagnosis of a brown tumor in
the jaw as a first symptom of hyperparathyroidism is very
rare and in the Dutch population only occurs approximately
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once a year. However, when specifically looked for, brown
tumors in the mandible are diagnosed in 4% of all cases
of hyperparathyroidism 32. The incidence of primary
hyperparathyroidism is 0.2% in patients older than 60 years
and the estimated prevalence is over 1%, including
undiscovered asymptomatic patients. The disease has a peak
incidence between the third and fifth decades but occurs
also in young children and in the elderly 32,33.
This means that the true incidence and prevalence of
brown tumors in the population must be much higher
than indicated by the four patients we found. The most
likely explanation is that in most patients the jaw lesions
are never diagnosed and will spontaneously disappear
when the PTH and calcium levels are corrected.
Hyperparathyroidism is seen three times more often in
females than in males34 and the prevalence increases after
the menopause. Three of our four patients were female and
all patients were above the age of 50.

Conclusion
This 5-year population-based study includes all patients
with central giant cell lesions of the jaw in the Netherlands.
In a general population large and aggressive CGCGs are
less common than suggested by the literature. Multiple
lesions in patients with CGCG, however, occur more
frequently than previously assumed. There was also a
strong association between multiple lesions and disorders
such as NF 1 and Noonan syndrome. Evaluation of the
surgical therapy in the population shows an overall
recurrence rate of 26,3%, which lies within the range
of recurrence rates reported in the literature. Surgical
curettage is not an effective therapy for CGCGs in young
people that show aggressive signs and symptoms.
Calcitonin therapy could prove to be a good alternative.
Despite their histological similarity, it is questionable
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whether all CGCGs have the same etiology. Considering
the very diverse clinical behavior, it is possible that some
lesions are merely reactive in origin while in others an as
yet undiscovered genetic abnormality might play a role.
Further research is needed to elucidate this question.
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Treatment of central giant cell granuloma of the jaw with calcitonin
Abstract
Giant cell granuloma of the jaw is a benign lesion that
may cause local destruction of bone and displacement of
teeth. The common therapy is curettage or resection,
which may be associated with loss of teeth and in younger
patients dental germs. An alternative treatment has
recently been introduced, in which patients receive a daily
dose of calcitonin. Four patients who have been treated
with calcitonin in various concentrations for at least one
year are reported. In all patients complete remission of the
giant cell granuloma was observed, without signs of
recurrence. The working mechanism of calcitonin is
discussed, as are length of treatment and optimal dose.

Introduction
Central giant cell granuloma (CGCG) is a benign lesion
which usually presents itself in the mandible or maxilla.
Occurrence in other facial bones, such as the sphenoid
and temporal, as well as in hand, foot and humerus, have
also been described.9,17,21,24 On the basis of both
clinical and histological features some investigators
distinguish between central giant cell granuloma of the
jaw and giant cell tumor of the long bones. There is
increasing evidence, however, that both are part of a
continuity in which local factors are responsible for
different characteristics.1,9,26
In the jaws the anomaly is usually seen before the age
of thirty years and twice as much in the mandible than in
the maxilla. It is more frequent in females than in
males.18,26 It is always located intra-osseously and has
been recognized as a separate disease entity since the first
description by Jaffe in 1953.11 The cause for the

development of CGCG is unknown, although a recent
Chinese report describes a possible origin from chromosome
fragile sites with published oncogenes which are coincident
with tumor cell chromosome breakpoints in giant
cell tumors 27. Given the close link between the
two conditions, a genetic cause for CGCG is not
unlikely. This assumption seems to be strengthened by
the occurrence of central CGCGs in patients with
anomalies with known genetic origin, such as cherubism,
neurofibromatosis type I and Noonan's syndrome.5,13,21
The clinical manifestation of CGCG is a painless swelling
of the jaws, sometimes perforating the cortical bone. There
is often displacement of teeth and tooth germs.
Radiological investigation reveals a radiolucent, usually
clearly delineated bony lesion with loss of lamina dura
around teeth. Root resorption is rare and the lesion may be
unilocular or multilocular. Multiple lesions occur rarely.
10,12 The usual therapy is curettage or resection.
Recurrence rates range from 11-49%.22,23,26 Large
central giant cell granulomas are inevitably associated with
loss of teeth and in younger patients dental germs often
have to be sacrified. Some case reports mention treatment
by local injection of corticosteroids into the lesion,19,23 or
by radiotherapy.9 Recent literature mentions treatment of
CGCG’s with calcitonin.8,17,20 Since calcitonin has a
direct inhibiting effect on osteoclasts, it is used in diseases
with increased osteoclast activity, such as Paget’s disease,
and in osteoclastic bone metastases.
This paper presents four patients, who were given
calcitonin for a CGCG of the jaw in order to show the
effectiveness and safety of this treatment as first line
therapy (Table 1.).
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Case reports
Case 1. A 4-year-old, previously healthy boy was referred
with a pain-less swelling of the right side of the jaw. At
examination a lobulated tumor mass lingual and at the
buccal side of the mandible was found. Radiographs
showed a radiolucent area extending from the left first
decidious molar to the right first decidious molar (Fig. 1).
The tooth germs were displaced due to expansion.
A biopsy demonstrated the presence of a CGCG.
Technetium scintigraphy revealed no further bone
involvement. Additional laboratory investigations
showed that liver and kidney functions, as well as
calcium, phosphate and parathyroid hormone levels were
normal. The parents refused excision of the CGCG,
because they feared the mutilation and loss of tooth germs
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inherent to the proposed surgery. Two injections of
methyl prednisone were adminis-tered into the tumor
with a 6 week interval. Evaluation by means of
orthopantomography and computerized tomography,
however, showed increase in the size of the lesion.
Subcu-taneous injec-tions with human calcitonin (100 IU
daily) were then started. The patient was very frightened
by the injections and, therefore, the injections were
replaced by administration by means of an intranasal spray
(200 IU daily). This treatment was tolerated very well.
During treatment the patient had a normal increase in
weight and height, and the skeletal age remained in
accordance with the calendar age over the total treatment
period of 14 months. The tumor had decreased and the
orthopantomogram showed bone ingrowth (Fig.1). Ten

Fig.1 A)
Pre-treatment
frontal facial view.

Fig.1 B)
Panoramic
radiograph
showing large
radiolucency in
the mandible
(arrows).

Fig.1 C)
Frontal facial
view 6 months
after cessation of
treatment

Fig.1 D)
Post-treatment
panoramic
radiograph
showing bony
ingrowth and
restoration of
contour.

months after termination of treatment, a bone biopsy
showed normal bone without giant cell granuloma tissue.
Case 2. An 11-year-old boy was referred for evaluation of a
progressive swelling of the chin. An orthopantogram and
CT-scan revealed a large, multicystic lesion in the ventral
part of the mandible with displacement of teeth (Fig.2A).
Biopsy confirmed the presumed diagnosis of CGCG.
Hyperparathyroidism was excluded. Considering the size of
the lesion, surgical curettage would be rather mutilating

and human calcitonin therapy was, therefore, started. The
patient was given a daily dose of 50 IU calcitonin
subcutaneously for one year. Clinically and radiologically
the lesion showed almost complete remission and the teeth
regained their normal position and eruption pattern
(Fig.2B, C,D). The side-effects were minimal and consisted
of a short period of nausea and dizziness immediately after
administration. During treatment, blood calcium and PTH
remained within normal range. Eighteen months posttherapy there were no signs of recurrence.

Fig.2 A)
Pre-treatment CT-scan demonstrating large, expansile lesion in the
frontal part of the mandible with
considerable cortical thinning.

Fig.2 B)
CT-scans after 4 months of treatment. C) at cessation of treatment
after 12 months and D)9 months
post-treatment. There is progressive
reduction in size of the lesion,
while bony healing occurs and a
gradual restoration of the cortical
plates resulting in a normal contour of the mandible.

Fig.2 C)

Fig.2 D)
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Case 3. An 18-year- old female presented with a 12month history of increasing swelling of the mandible. The
swelling had caused anaesthesia in the right mental area.
At examination an intraoral swelling at the right
symphyseal area was seen, expanding from the central
incisor up to and including the second premolar.
On palpation this swelling was firm, while the
mandibular first and second premo-lars were mobile. The
orthopantomogram showed a large radiolucency on the
right side. A biopsy was taken, while simultaneously an
apicectomy of the second premolar was performed.
Histology revealed the presence of a CGCG (Fig.3A).
Because surgery would result in gross mutilation, the
patient was treated with a daily dose of 100 IU human

Fig.3 A)
Biopsy taken
from the lesion showing a
giant cell
granuloma
(HEx400).

Fig.3 B)
Biopsy from
the same site
after termination of calcitonine therapy showing
normal bone
(Hex400).
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calcitonin subcutaneously. As she suffered flushes and dizziness, the dose was decreased to 87.5 IU. The patient
received calcitonin for a period of 13 months. After
termination of therapy a biopsy was performed (Fig.3B).
Apicectomies of the canine and the first premolar were
carried out, because on electrical pulp testing these teeth
appeared to be nonvital. Moreover a radiograph of these
teeth showed a periapical radiolucency. Yet, on extirpation
both pulpae proved to be vital. Macroscopically, the newly
formed bone was completely intact, but was bleeding less
than the surrounding bone tissue. Microscopy showed
mature bone tissue with-out any remnants of CGCG.
Three years after termination of calcitonin therapy
the patient is clinically and radiologically free from
recurrence. No disturbance of the calcium and bone
metabolism has occurred during or after the therapy.
Case 4. A 16-year-old boy initially presented with a swelling of the left mandible, for which he was seen in another
hospital and treated by enucleation. Microscopically, it
proved to be a CGCG. At the age of 7, a recurrence was
removed. Because a third recurrence developed at the age
of 12, an excision was performed, including only the
alveolar process with preservation of the inferior alveolar
nerve. At the age of 15, a 4th recurrence was removed, but
after 18 months again a recurrence was noted. Considering
the mutilating effect that would result from radical
surgical therapy, it was then decided to start with human
calcitonin therapy. Throughout the course of the disease
additional investigations were normal; in particular
hyperparathyroidism was repeatedly excluded. The patient
received 100 IU calcitonin subcutaneously daily for a
period of 15 months. Initially he suffered from side effects,
such as flushes, headaches, diarrhoea and nausea. He,
therefore, decided to inject himself before sleeping,

instead of in the morning. This made the treatment
tolerable, as most side effects occurred unnoticed. After
the therapy, an orthopantomogram showed that the
radiolucent area in the left mandible had almost
completely disappeared. Seven months after termination
of treatment, the patient was clinically and radiologically
free from disease. No biopsy was taken after therapy.

Table 1. Data of patients included in the study.
patient sex

age

1.
2.
3.
4.

4 years
11 years
18 years
16 years

male
male
female
male

dose to add
once daily
200 IU
50 IU
87,5 IU*
100 IU

administration duration
intranasal (spray) 14 months
subcutaneous 12 months
subcutaneous 13 months
subcutaneous 15 months

* Initially 100 IU.

Additional Investigations
In order to monitor the effects of calcitonin on bone and
calcium metabolism with this sustained administration,
the following measurements of bone formation were
assessed in the 2 patients (cases 3 and 4): serum alkaline
phosphatase (ALP), osteocalcin and serum type I collagen
carboxyterminal propeptide concentration (P1CP). For
evaluation of bone resorption, the 24-hour urinary calcium
and hydroxyproline, together with the cross-links
car-boxyterminal telopeptide of collagen type I (1CTP),
were also determined. Apart from that, parathyroid levels
(using immunoradiometric investigation into intact
parathyroid hor-mone) were assessed in 3 patients (cases 1,
3 and 4), as well as the serum concentrations of calcium

and phosphate. Measurements were assessed before
the beginning of therapy, three monthly during treatment
and after the treatment was stopped. Blood for these
evaluations was taken in the morning before the
administration of calcitonin.
It was striking that during the first 3 months all 3 patients
showed a decrease in the levels of parathyroid hormone,
even though they remained within the normal limits.
Calcium levels remained stable during the entire
treatment. In the initial stages of the treatment, urinary
hydroxyproline and the serum P1CP-levels showed a
decrease, but they also remained within the normal values. At the end of the treatment period the excretion of
hydroxyproline increased again. The other parameters,
ALP, osteocalcin and 1CTP, demonstrated no changes
during the calcitonin therapy. In conclusion, therefore, all
parameters stayed within normal range.

Discussion
The conventional therapy of CGCG is enucleation or
resection. This therapy, however, is often associated with
recurrences and in the case of large lesions it results in
serious mutilation of the jaw and hence, the face. Loss of
teeth and of dental germs in young patients is also often
unavoidable. Especially in these patients calcitonin is an
attractive alternative. Patients with small CGCGs will
perhaps benefit more from surgery, considering the
discomfort caused by the duration of the calcitonin
treatment and its possible side effects. In all four patients
the CGCG responded well to the calcitonin therapy. This
hormone causes an increased influx of calcium into the
bones and thus, functions antagonistically to parathyroid
hormone. It is produced under the influence of the
serumcalcium level in the interstitial tissue of the thyroid
gland in the socalled C-cells. There is also a slight
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production in the parathyroid glands and in the thymus.
Two major types are available for therapeutic use: salmon
calcitonin and human calcitonin. One unit of calcitonin is
a quantity based on the hypocalcaemic effect under
standardized experimental conditions in rats. In humans,
however, the effect of salmon calcitonin is much stronger
than that of human calcitonin: for example, in healthy
volunteers 50 IU of salmon calcitonin appears to be
equipotent with 75-90IU human calcitonin.2 We preferred
human calcitonin, because theoretically, it has slighter
antigenic properties than animal calcitonin. After
subcutaneous injection the maximum peak in the plasma is
reached within one hour. The half-time is 70-90 minutes.2
In an immunohistochemical study using osteoclastspecific monoclonal antibodies, Flanagan was the first to
demonstrate that giant cells in CGCGs are osteoclasts.6
Indirect evidence for this was provided by the in vitro reaction of giant cells to calcitonin and by the behaviour of
giant cells in cortical bone, showing bone excavation
typical of osteoclasts.4,6 It has been demonstrated that
giant cells express calcitonin receptors.15 These calcitonin
receptors were also seen on giant cells from giant cell
tumors elsewhere in the skeleton.14 There is also evidence
for osteoclastic differentiation of giant cells in peripheral
granulomas.3 Calcitonin therapy is based on these
findings. It is thought that giant cells are directly
inhibited in their function by calcitonin. Others, however,
debate that CGCGs develop from mononuclear precursor
cells and as such are part of the granulocyte/macrophage
lineage,25 or are primarily of fibroblastic origin. In both
instances macrophages play a secondary role.16 In this case
the effect of calcitonin might be explained by the fact that
calcitonin receptors are found on the mononuclear cells as
well.14 Calcitonin induces involution and inhibition of
DNA synthesis in these cells.
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In the four reported patients two different modes of
administration were used and the patients treated with s.c.
injections received two different doses. In all four patients
a similar osseous healing process was observed. However,
in the patients treated with 50 IU calcitonin s.c.and 200
I.U. from a nose-spray the side-effects were considerably
less than in the patients treated with 100 IU. s.c. The
higher dose in the nose-spray is necessary due to the
difference in bioavailability between a nose-spray and a
subcutaneous injection. An additional advantage of a
nose-spray is avoidance of a daily injection. The patients
treated with injections, however, had no inflammation at
the injection sites. Ongoing osseous healing was observed
after cessation of therapy, which suggests that the healing
process, induced by calcitonin, continues after the
administration has been stopped. This puts up the
question whether a therapy, lasting less than about one
year, will eventually have the same effect. With regard to
the efficacy of calcitonin therapy, 3 phenomena have been
recognized2. First, primary resistance or primary nonresponse is noted. A small number of patients show no or
hardly any response to calcitonin administration. Second,
there is the so-called plateau phenomenon, denoting that
the alkaline phosphatase serum levels cannot be lowered
beyond a certain point, irrespective of the calcitonin dose.
Although poorly understood, some patients exhibiting the
phenomenon may nevertheless show good treatment
results, as is seen in the cases presented. The third
potential problem is secondary resistance, also called the
escape-phenomenon: patients who initially react well to
calcitonin show a diminished reaction after some time.
Only about 50% of these patients demonstrate antibody
formation. Increased activity of osteoclasts through loss
of calcitonin receptors is the most likely explanation for
this phenomenon.14 In patients receiving calcitonin

once-daily, secondary resistance has not yet been observed.
This is probably due to the short half-time: the effect of
the calcitonin is completely nullified within one day so
that at the next administration all levels of calcium,
parathormone and hydroxyproline measured in 24-hr
urine fall within the normal range again, as a result of
which resistance does not occur.2 No signs of resistance
were seen in the patients presented, but whether calcitonin
will be effective in all cases remains to be seen in view of
the possible occurrence of primary resistance.
None of our patients showed recurrences during a followup of at least 18 months. The fact that the CGCG is
associated with anomalies of a known genetic origin
suggests that there may be an underlying genetic defect.
In cherubism, which is associated with CGCGs and which
has an underlying chromosomal anomaly, no recurrences
are seen after surgical curettage.5,13 In solitary giant cell
granulomas, however, recurrences are frequently seen.
Hence, factors other than a possible genetic disposition are
likely to play a role in the development of recurrences.
Longer follow-up periods are needed in order to establish
these factors. It may be concluded that calcitonin as
therapy for CGCG of the jaws is a promising alternative to
surgical curettage, particularly for large lesions. Further
investigations into dosages, treatment duration and on
the phenomenon of continuous response after cessation
of therapy, are necessary before an optimal treatment
protocol can be drawn up. The absence of recurrences must
also be confirmed in the long- term.
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Calcitonin therapy in central giant cell granuloma of the jaw: a randomized
double- blind placebo-controlled study.
Abstract

Introduction

The successful therapeutic use of calcitonin in patients with
a central giant cell granuloma (CGCG) has been shown in
several case reports. In a prospective, randomized,
double- blinded, placebo-controlled clinical trial 14
patients with a histologically confirmed CGCG and normal
calcium and parathyroid hormone serum-levels were
included over a period of 2 years. Patients were treated with
intra-nasally administered salmon calcitonin (200 IU per
day) or a placebo once a day. The placebo-controlled period
was 3 months, after which all patients were treated with
calcitonin for 1 year. Treatment response was assessed at the
end of the placebo-controlled study phase (3 months), at the
end of therapy (15 months timepoint with patients being on
calcitonin treatment for either 12 months or 15 months)
and at 6 months follows up.
The Chi2-test was used to compare the proportion of
patients with a tumor reduction 10 % to pre-treatment
measurement between the two populations after three
months, at the end of the treatment period and at 6
months follow up.
There was no difference in proportion of patients with
reduction of the lesion-volume between the placebo group
and the calcitonin group after 3 months and between the
groups receiving 12 months or 15 months calcitonin at
the end of the treatment period or the 6 month follow up
timepoint. At the 6 month follow up timepoint, tumor
volume had decreased by 10% in a total of 7 patients with
a 37.9% (95% CI 31.3%-44.5%) mean volume reduction
in this subgroup. However, complete remissions were not
observed.

Central giant cell granuloma of the jaw (CGCG) is a
benign lesion that usually occurs before the age of 30.
It has a low incidence of 0.00011% in a general
population12. There is a wide variety in clinical behavior
with on one side of the spectrum large, expansive lesions
with rapid growth and aggressive signs and symptoms (i.e.
pain, paresthesia or rootresorption) and on the other side
small, indolent lesions which show no or very little
growth. The most common therapy is surgical curettage
which has a high recurrence rate, especially in aggressive
lesions4.
In 1993 calcitonin therapy for CGCG was introduced by
Harris7 and since then several case reports have been
published with successful treatment of CGCG with
calcitonin5,8,11,18,19. In this study the first randomized
clinical trial of calcitonin therapy in CGCG is presented.

Material and Methods
Results from an earlier pilot study in four patients treated
with synthetic human calcitonin11 were used to design a
randomized, double-blind, placebo-controlled study of
calcitonin therapy in patients with a central giant cell
granuloma. In this study the null hypothesis was tested
that there would be no difference in the proportion of
patients with tumor reduction between the two treatment
groups at three months. With a sample size of 7 patients
per group, a difference in proportions of 70% could be
detected with a power of 86, 9% on a significance level ()
of 0,050 (two-sided).
After 3 months of placebo controlled medication all
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patients received salmon calcitonin for one year. Because of
the very favorable results of our earlier pilot study with
human calcitonin, an extended placebo treatment period
was not granted by the institutional review board. At the
end of the 15 month study period, the initial placebo
group had therefore received calcitonin medication for 12
months compared to 15 months calcitonin treatment in
the calcitonin group.
Patients with a histologically confirmed CGCG in one or
both jaws and normal calcium and PTH serum levels were
included. Prior to starting treatment, patients were
randomly assigned to receive either salmon calcitonin
nasal spray 200 IU per day (Miacalcin®, Novartis
Pharma) or a placebo once a day. The placebo spray was
optical indistinguishable from the calcitonin spray and
consisted of a saline solution. The physicians were blinded
for the therapy.
Every three months blood samples were taken for
assessment of bone formation and calcium metabolism.
Measurements included calcium, phosphate, PTH,
alkaline phosphatase and osteocalcin. For evaluation of
bone resorption, the 24-hour urinary calcium and
hydroxyproline were determined every three months. To
evaluate the regression of the CGCG, CT-scans were
performed every three months until the 6 months follow
up timepoint, using a standardized imaging protocol,
After all patients had finalized treatment, the CT-scans
were assessed by two radiologists (HAE and GOVVZ) who
were blinded to treatment group. Measurements were
taken in three directions: antero-posterior, latero-lateral
and cranio-caudal. On each film a calibration line was
identified, which was used for measurement. Distances
were expressed in millimeters. In some cases the
cranio-caudal distance was calculated by counting the
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slices on which the tumor was visible, the slice thickness
being known. The examiners compared their data and in
the case of discordance reviewed the films together in
order to reach consensus. Increase or a decrease in lesion
size was defined by a change in volume of 10 % compared
to the pre-treatment measurement. If the change
in volume between the analyzed CT-scans was less than
10%, the lesion was considered to be stable.
After finalization of all image assessments, the
randomization code was broken to evaluate the effect of
calcitonin therapy.
Yates' corrected chi2-test was computed for all 2 x 2
tables. Yates' correction is an arbitrary, conservative
adjustment to chi-square when applied to tables with one
or more cells with frequencies less than five.

Results
Over a period of two years 14 patients with a CGCG were
included. The mean age was 26 years (22 years in the
calcitonin group vs. 29 years in the placebo group) and the
male/female ratio was 6/8 (5/2 in the calcitonin group and
1/6 in the placebo group) (Table 1). 4 patients presented
with aggressive lesions (3 in the calcitonin group, 1 in the
placebo group). 3 patients had a recurrence of an earlier
surgical treatment.
After 4 months of treatment one patient (no.9, calcitonin
group) was taken out of the study, because the parents
refused further participation due to ongoing growth of the
tumor (aggressive lesion). All other patients the study
completed the 15 months study period.

Table 1. Patients included in placebo controlled study
(3 months).
Patient Gender Age
nr.
(years)
1
2
6

M
M
M

14
55
12

location size*
(cm)

right mandible
left maxilla
left+right
mandible
left maxilla
7
M
17
right maxilla
9
M
13
right maxilla
11
F
30
left mandible
left maxilla
13
F
15
right mandible
3
F
46
right mandible
4
F
16 midline mandible
5
F
20
left+right
mandible
8
M
38
right mandible
10
F
37
right maxilla
12
F
16 midline mandible
14
F
32
right mandible
*Size of the largest lesion: length - height.

Aggressive/ Calcitonin/ Change in
Indolent Placebo tumor size
Vol.%

1,8-2,1 I
2,2-1,8 I

C
C

+17%
- 19%

No significant difference in the proportion of patients
with tumor volume reduction (as based on the CT-scans)
was seen between the group treated with calcitonin and
the placebo group (Table 2).

Table 2. Proportion of patients with reduction
of tumor size: 3 month result:
Calcitonin 200 IU NS vs. Placebo

3,2-3,5
3,5-2,8
6,0-3,5
2,0-2,0

A
I
A
A

C
C
C
C

+3%
-2%
+40%
+54%

Calcitonin
Placebo
(n=7)
(n=7)
No.
% No.
%
Volume 0-3 months
Decrease vol./ stable vol. 4
Increase vol.
3

57,2%
42,8%

6
1

85,7%
14,3%

P value*

0,554

2,8-1,7
1,4-1,7
0,9-1,2
5,1-4,8

I
I
I
A

C
P
P
P

+3%
-7%
+44%
0%

3,0-1,8
4,1-4,5
1,3-2,5
1,3-1,7

I
I
I
I

P
P
P
P

0%
0%
- 6%
- 7%

Calcitonin vs. Placebo/Calcitonin at end of treatment period (15 months) and at 6 month post treatment follow up:

At the 3 months timepoint (placebo controlled phase),
tumor size was slightly decreased or remained stable in 10
patients, whereas 4 patients showed a distinct increase in
tumor size. Of those, two patients had aggressive lesions
in the calcitonin group (pat. No 11; and pat No 9, who
later discontinued from the study) and one patient in each
group had an indolent lesion (pat. No 1 and 4). (Table 1)

During the following year of calcitonin treatment most
CT-scans showed a stabilization or reduction in the size of
the lesions. At the end of treatment period, a decrease of ≥
10% in tumor size was observed in 6 patients and at the
end of the 6 month follow up timepoint in 7 patients with
a mean decrease in lesion size of 37.9 % (95 %CI 31.3%44.5%). In 5 patients (end of treatment period),
respectively 4 patients (6 months follow up) the tumor
size was stable. Continued growth was observed in 2
patients with aggressive lesions (pts. no 6, 11) at the end
of treatment period and in 2 patients at the 6 months

Calcitonin vs. Placebo at 3 months:

* Yates' corrected chi-square
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follow up (pts. no 11, 13) (Table 3). No significant difference in the proportion of patients with tumor reduction
between the two groups was observed (Table 4).

Table 4. Proportion of patients with reduction of
tumor size: comparison between groups receiving
12 months vs. 15 months calcitonin

Table 3: Percent change in tumor size at 3 months,
12/15 months and 6 months follow up timepoints.
Patient Aggressive/ Calcitonin/ Change in
Change in tumor Change in tumor
number Indolent Placebo tumor size size at cessation of size at 6 months
after 3 months therapy (% of total follow-up (% of
volume).
total volume).
12 months 15 months
1
I
C
+17%
+5%
+5%
2
I
C
- 19%
- 20%
- 30%
6
A
C
+3%
+21%
- 39%
7
I
C
- 2%
- 42%
- 53%
9
A
C
+40%
11 A
C
+54%
+82%
+96%
13 I
C
+3%
+6%
+11%
3
I
P
-7%
-14%
-45%
4
I
P
+44%
-26%
-38%
5
A
P
0%
0%
-5%
8
I
P
0%
- 28%
- 32%
10 I
P
0%
0%
- 8%
12 I
P
- 6%
- 19%
- 28%
14 I
P
- 7%
0%
- 7%

Aggressive vs. indolent lesions:
Changes in tumor size over time were variable in the four
patients with aggressive lesions, whereas reduction or
stabilization of tumor size was consistent for indolent
lesions at the end of therapy in both groups, i.e. patients
receiving calcitonin for either for 12 months or 15 months
(Table 5). Interestingly, continuing regression (10%) after
cessation of therapy was observed in 5 patients (patients
2,3,4,6,7: see Table 3). The difference in the proportion of
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12 months of
15 months of
calcitonin therapy (n=7) calcitonin therapy (n=7)
TIMEPOINT
value*

No.

%

No.

%

P

End of treatment
Decrease vol./stable vol. 7
Increase vol.
0
Discontinued
0

100.0%
0.0%
0.0%

4
2
1

57.1%
28.6%
14.3%

0,374

6 months follow up
Decrease vol./stable vol. 7
Increase vol.
0
Discontinued
0

100.0%
0.0%
0.0%

4
2
1

57.1%
28.6%
14.3%

0,374

* Yates' corrected chi-square

patients with tumor volume reduction was borderline
significant between indolent lesions and aggressive lesion
at the end of the treatment period (p=0.058) (Table 5).
At the end of the 6 month follow up period the
mean reduction in tumor size was 22.5 % (95%CI: 9.1%35.9%) for all patients with indolent lesions (n=10).
In all patients calcium, phosphate, alkaline phosphatase
and osteocalcin levels remained stable during the entire
treatment. In the first 3 months of the calcitonin
treatment the levels of PTH showed a decrease in most
patients but remained within normal limits. In the initial
stages of therapy the urinary hydroxyproline showed a

decrease in all patients while at the end of the treatment
period these levels increased again. In the placebo group
the all levels remained stable.
Side-effects of the calcitonin were in most patients
minimal and consisted of nausea, flushes and some
dizziness. These symptoms occurred in most cases directly
after administration of the calcitonin. Only 1 patient had
diarrhea which more or less persisted during the entire
treatment period. The only side-effect specifically linked
to intranasal administration was sporadic nasal bleeding at
the start of the therapy. All patients tolerated the
treatment well and there were no drop outs due to sideeffects.

Table 5: Proportion of patients with reduction of
tumor size: Indolent versus aggressive lesions.
Aggressive
(n=4)
TIMEPOINT
value*

No.

Aggressive
(n=4)
% No.

%

P

End of treatment
Decrease vol./stable vol. 1
Increase vol.
2
Discontinued
1

25.0%
50.0%
25.0%

10
0

100.0%
0.0%

0,058

6 months follow up
Decrease vol./stable vol. 2
Increase vol.
1
Discontinued
1

50.0%
25.0%
25.0%

9
1

90.0%
10.0%

0,944

* Yates' corrected chi-square

Discussion
The therapeutic concept for administration of calcitonin
in the treatment of CGCC’s is based on an
immunohistochemical
study
using
osteoclastspecific monoclonal antibodies, demonstrating that giant
cells in CGCG’s are osteoclasts6. This was suspected on
the in vitro reaction of giant cells to calcitonin and on the
behaviour of giant cells in cortical bone, causing bone
excavation similar to osteoclasts.3,6 The multinucleated
giant cells further exhibit all cytochemical and functional
features of osteoclasts.6,9,16 Later on it was demonstrated
that giant cells are directly inhibited in their function by
calcitonin9.
Although prominent represented on microscopy, the
multinucleated giant cell is not the proliferating tumor
cell in CGCG or GCT. It is hypothesized that the giant
cells arise from peripheral blood mononuclear cells who
are recruited by the spindle-shaped stroma
cells.2,8,9,14,15,20 Problably, these spindle-shaped cells
probably are the proliferating tumor cells, since
they persist in culture after passaging and stain
immunohistochemically positive for the proliferation
marker PCNA.2,9 They are osteoblast-like cells, which
express alkaline phosphatase and are capable of osteoid
formation. They are also able to support osteoclast
formation. The osteoblast-like cells derived from
outgrowth culture of CGCG tissue fragments express the
cytokine RANKL, a ligand that induces osteoclast
formation from precursor mononuclear blood cells which
express its receptor RANK. The RANKL-RANK
interaction, necessary for osteoclastogenesis is effectively
blocked by osteoprotegerin (OPG), a soluble member of
the tumor necrosis factor (TNF) receptor super-family,
which acts as a “decoy” receptor for RANKL.13 In short,
giant-cells of CGCG are differentiated from a subset of
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mononuclear phagocytes. These mononuclear precursor
cells differentiate into mature giant-cells under
the influence of RANKL-expressing, proliferating
spindle-shaped (osteoblast-like) stroma cells.14
In this study we used salmon calcitonin instead
of synthetic human calcitonin, which is no longer
commercially available. Salmon calcitonin was
administered as a nasal spray in the current study,
whereas subcutaneous injections had been used more often
in previous reports. Salmon calcitonin is claimed to be
more potent than human synthetic calcitonin.1 The
bioavailability of the nasal spray is 3%-25 % and the time
to peak concentration (T-max) varies between 0.26 and
0.75 hours. The maximum plasma concentrations occurring
within the first hour following nasal administration are
lower than those obtained with comparable doses given by
subcutaneous injection, however, the absorption by nasal
route is more prolonged. The pharmacokinetic differences
between these different administration routes for calcitonin
are compensated for by the applied dose.
The successful use of subcutaneously administered
synthetic human calcitonin has been reported by several
authors.7,11,17 This type of therapy was first suggested by
Harris in 1993.7 In an earlier paper on the treatment of 4
patients with aggressive CGCGs, we observed a
distinct reduction of the lesions in the first 4 months and
complete remission of all lesions after 12 to 15 months of
human calcitonin therapy.11 In another report, human
calcitonin therapy was also quickly effective in an
aggressive lesion in a pregnant patient.17 In literature there
is one study that reporting on the successful
treatment of 9 patients with subcutaneous injections of
salmon calcitonin. The patients were treated over a period of
19 to 27 months and showed complete remission of the
CGCGs after 18 months.19 Signs of calcification were seen
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on the radiographs at 4-6 months. In none of our patients
these calcifications were observed in the same period. In an
abstract, successful treatment of 3 patients with a CGCG
was reported using salmon calcitonin.5 In these patients,
the lesions resolved completely after 12-19 months of 100
IU intranasally administered salmon calcitonin daily. This is
a surprisingly good result since the used dose was only half
of the recommended dose for a nasal spray.
In our study there was no significant difference in the
proportion of patients with tumor size reduction between
the group treated with calcitonin and the placebo group
after three months of therapy.
Because of the very favorable results of our earlier pilot
study with human calcitonin, on which the current study
was based, we were not allowed by the institutional review
board to extend the placebo controlled study beyond 3
months. Therefore, after the first 3 months, all patients were
treated with calcitonin for 1 year. No apparent difference in
the treatment results were observed between the groups.
Patients with indolent lesions were either stable or
showed tumor size reduction at the end of the treatment
period, whereas in patients with aggressive lesions, a
tumor volume increase was observed in 2 patients out of
four patients. The results and the interpretation of
our study are limited by the small sample size and
the short placebo controlled period. In addition patients
included in this study showed a broad spectrum both
in respect to tumor size and aggressiveness. Lesions ranged
from relative small indolent lesions to rapidly growing
lesions with aggressive signs and symptoms. A balanced
distribution in terms of tumor characteristics could not
be warranted between the treatment groups in this study.
Our results indicate however, that optimal dosing,
treatment duration and route of administration still needs
to be further discussed, as - in contradiction to prior

reports - total remission of the lesions was not seen in any
patient after the applied therapy. In this context, the
attraction of using calcitonin nasal spray is clearly related
to the good tolerability, compared to daily subcutaneous
injection, especially in children.
In relation to efficacy and treatment duration other
emerging pharmacological treatment options should
be considered as well.10 Among those, a promising
therapeutic agent might be osteoprotegerin (OPG), which
effectively blocks RANKL-RANK interaction and
thereby inhibits osteoclastogenesis.2,9

Conclusion
Because of the limited number of patients participating in
this study and the relatively small effect of the salmon
calcitonin in comparison with our earlier report,11 the
power of this study is restricted. Further study limitations
are related to the short placebo controlled treatment
period and the lack of balance between groups in terms of
aggressive and indolent lesions.
During the 3 month-placebo-controlled period and at end
of treatment/ follow up no significant differences in tumor
size reductions were observed between the groups.
Patients with indolent lesions were either stable or
showed tumor size reduction at the end of the treatment
period. Overall considerable reductions in tumor size were
seen in half of the patients at the 6 month follow up,
however complete remissions were not observed.
Therefore, a longer period of treatment and/or higher
dose of calcitonin nasal spray could be necessary to
achieve a complete remission in these patients. Further
investigation with a more prolonged period of using a
placebo is needed to evaluate the optimal dose and route of
administration for the calcitonin therapy in central giant
cell granuloma.
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Limited regression of central giant cell granuloma by interferon alpha after failed
calcitonin therapy: a report of two cases.
Abstract
Central giant cell granuloma (CGCG) is a benign lesion of
the jaws with a sometimes locally aggressive behavior. The
most common therapy is surgical curettage which has a
high recurrence rate, especially in lesions with aggressive
signs and symptoms (i.e. pain, paresthesia, root-resorption
and rapid growth.). Alternative therapies such as interferon
 (IFN) or calcitonin are described in the literature. In this
study 2 patients with an aggressive CGCG are presented
who were treated with IFN mono-therapy.
IFN mono-therapy was capable of terminating the rapid
growth of the lesion in both patients and induced a partial
reduction. However, total resolution was not obtained and
alternative treatment is still necessary.

Introduction
Central giant cell granuloma (CGCG) is a benign lesion
usually located in the jaws. Affected individuals are mainly
under the age of 30. It has a low incidence in the general
population and CGCG occurs more often in women than in
men. The mandible is more frequently afflicted than the
maxilla.12 At present, the etiology is not known.
There is a wide variety in clinical behavior with on one side
of the spectrum large, expansive lesions with rapid growth
and aggressive signs and symptoms and on the other side
small, indolent lesions which show no or very little growth.
The most common therapy is surgical curettage but
successful alternative therapies such as intralesional
injections of corticosteroids or the administration of
calcitonin or inter-feron alpha have been reported.
1,2,4,6,7,8,9,10,1,15,16,17,18,19 After surgical therapy a

high recurrence rate is seen, especially in aggressive lesions.3
In this study we present 2 patients with an aggressive CGCG
who were treated with interferon alpha (IFN), as a single
treatment modality, after initial treatment with calcitonin
had failed.

Case reports
Case 1
A 13-year-old boy was seen with a swelling on the right side
of his nose. The swelling was first noticed 2 months earlier
at a visit to the orthodontist. Intra-orally a swelling on
the buccal and palatal side was seen in the region 11 -14.
There was displacement of the incisors, canine and first
premolar. The CT-scan revealed a large lesion in the maxilla
on the right side with destruction of the nasal floor
and obstruction of the maxillary sinus. A biopsy revealed
the presence of a CGCG. Hyperparathyroidism was excluded
(normal calcium, PTH and phosphate serum levels). Because
of the rapid growth and the extension of the lesion, salmon
calcitonin therapy was started in the form of a nasal spray
(Miacalcin®, Novartis Pharma, 200 IU). After 3 months
of therapy a CT-scan showed ongoing growth of the lesion.
The administration of calcitonin was discontinued. IFN
alpha 2a therapy (Roferon A®, Roche) was then started at a
daily dose of 3x106 IU subcutaneously. A CT-scan after 4
months of IFN therapy revealed regression of the tumor.
After another 4 months no further response was seen and
therefore it was decided to increase the dose to 6x106 IU.
The increased dose led to a further reduction of the tumor in
the first 3 months, but during the next 3 months no further
regression was seen.
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In the first 8 months of therapy the side-effects were
moderate and consisted of some malaise and weakness.
Blood serum levels of ALT and AST were elevated (100 U/L)
and there was a non-significant reduction in number of
thrombocytes. After increasing the dose to 6x106 IU the
side-effects became more severe with strong elevation of liver
enzymes and painful joints and stiffness, especially in the
morning. This led to weight loss and a decrease of skeletal
growth. Also absence from school became more frequent.
Because of the severe side effects, the IFN therapy was then
changed in a weekly dose of 180 µg (Pegasys®, Roche),
which is a preparation with a prolonged T 1⁄2. After 14
months of IFN mono-therapy the administration of calcitonin (100 IU subcutaneously) was started again. Three
months later the CT-scan showed no changes in tumor size
and the IFN therapy was stopped. The patient received IFN
as a single therapy in various doses for a total time of 14
months. The reduction in tumor size during the time IFN
was used as a mono therapy was approximately 40% of the
total volume (Fig.1a,b,c).

Figure 1a: CT-scan of the CGCG in
the right maxillary sinus at the start of
calcitonin therapy.
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Case 2
A 30-year-old woman was referred with a painful swelling
on the left side of the mandible. The swelling was first
noticed 1 year earlier at a visit to an orthodontist. Intraorally there was a swelling on the buccal as well as on the
lingual side of the mandible in the region of 33-37.
Radiologically, a 2 by 2 cm radiolucent lesion was seen,
causing root-resorption of the 36. Histological examination
of a biopsy showed a CGCG and hyperparathyroidism was
excluded. Calcitonin therapy (nasal spray) was started
(Miacalcin®, Novartis Pharma, 200 IU) but after 3 months
the lesion had considerably increased. Calcitonin therapy
was continued but in the following 12 months the lesion
further expanded. Moreover, a second lesion had developed
in the maxilla, region 22-24. Therefore, calcitonin
administration was stopped and IFN alpha 2a (Intron A®,
Schering-Plough) therapy was started at a daily dose
of 3x106 IU subcutaneously. Gradually the dosage was
augmented up to 9x106 IU in a 6 weeks period. Due to
side-effects the dose had to be tapered to 6x106 IU four

Figure 1b: CT-scan of the CGCG in the
right maxillary sinus after 3 months of
calcitonin therapy and at the start of
interferon alpha therapy.

Figure 1c: CT-scan of the CGCG in the
right maxillary sinus at the end of interferon alpha therapy.

months later. Initial response was positive and a reduction
in size of both lesions was observed. After 7 months of IFN
therapy the size of the tumors remained stable on CTscanning. After a total treatment period of 10 months the
IFN mono therapy was stopped. The reduction of the
mandibular lesion was approximately 20% of the total
volume (Fig.2a,b,c).

Figure 2a:
CT-scan of the
CGCG in the left
mandible at the
start of calcitonin
therapy.
Figure 2b:
CT-scan of the
CGCG in the left
mandible after 15
months of calcitonin
therapy and at the
start of interferon
alpha therapy.

Figure 2c:
CT-scan of the
CGCG in the left
mandible at the
end of interferon
alpha therapy.

Discussion
Interferon (IFN) is a cytokine with antiviral and antiangiogenic properties. It is used in a variety of conditions,
including life-threatening hemangiomas and several types
of malignancies. IFN is either produced by recombinant
DNA technology or it is purified from cultured human
cells. Amongst other effects, IFN suppresses the production
of fibroblast growth factors (FGF) which are involved
in neo-angiogenesis as is seen in tumors. The clinical
observation that aggressive CGCGs may be highly
vascularised and the fact that IFN has been successful in
the treatment of infantile hemangiomas, has led to the
hypothesis that CGCGs are proliferative vascular lesions
that would possibly respond to anti-angiogenic therapy.
In the literature a few well documented case-reports have
been published on the use of IFN alpha in combination with
surgical debulking as a treatment for aggressive CGCGs. In
these cases the combined therapy has resulted in remission
of the tumor.5,8,9,10 However, the combination of IFNtherapy and surgery makes it impossible to assess the
relative contribution of either form of therapy to the ultimate result. In another report, a 4-year-old boy with a rapidly
expanding CGCG in the mandible was treated with IFN
without additional surgery. In this patient, INF as
mono-therapy resulted in resolution of the lesion starting 3
months after initiation of therapy and complete bony
regeneration after 8 months.4 Also, a preliminary study
showed significant intralesional bone formation on CTanalysis after 2 months of treatment with IFN, but
mentioned no final results.1 These limited findings suggest
that IFN as mono-therapy might potentially be successful
in the management of aggressive CGCG.
In the present study two patients with an aggressive, fast
expanding CGCG were treated with IFN as single
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modality, after treatment with calcitonin had failed.
Considering the above-mentioned findings in the literature,
it was decided not to perform concomitant curettage in
order to avoid the possible mutilation inherent to this type
of treatment. In both patients IFN therapy resulted in
reduction of the lesion (40 and 20%, respectively), but
continued INF-therapy did not induce further regression.
Therefore, after 14 months of therapy in the first patient
and 10 months in the second patient, the administration of
IFN was discontinued. It is likely that surgical intervention
is still needed to obtain total remission.
The reason that total remission of the lesions could not be
achieved, in spite of high doses of IFN, is probably due to
the fact that the proliferating tumor cells are of fibroblastic
origin (mononuclear spindle cells) and not endothelial cells.
IFN has no direct inhibiting effect upon the proliferating
tumor cells. The limited number of endothelial cells in the
lesion are surrounding the supporting tumor
capillaries.13,14 Therefore, IFN seems capable of
terminating the rapid growth and even causes regression,
probably by inhibiting the neo- angiogenesis in the lesion.
It could be that after this initial response the FGF
concentration is low and IFN is no longer effective to obtain
further remission
The successful use of subcutaneously administered synthetic
human calcitonin has been reported by several
authors.7,11,15 This form of therapy was first reported by
Harris in 1993.7 In an earlier paper on the treatment of 4
patients with aggressive CGCGs, we observed a distinct
reduction of a lesion in the first 4 months and complete
remission of all lesions after 12 to 15 months of human
calcitonin therapy.11 In another report, human calcitonin
therapy also induced a rapid complete response in an
aggressive lesion in a pregnant patient.15 However, human
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calcitonin is no longer in production and only salmon
calcitonin is now commercially available. In a report of 9
patients treated with subcutaneous injection of salmon
calcitonin there was no tumor reduction in the first 4-6
months of therapy, but thereafter complete resolution of the
lesions occurred in 8 patients during an 18 month
treatment period.17
Salmon calcitonin in the form of a nasal spray has recently
become available and both our patients were treated with
intranasal salmon calcitonin before starting with IFN alpha.
The successful use of intranasal salmon calcitonin as a
therapy for CGCG has been reported in 3 patients.6
However, the lesions in the present patients showed
ongoing growth while calcitonin was administered. While
the first patient received calcitonin for only 3 months, the
second patient was treated for a year and in this case the
intranasal salmon calcitonin was certainly not effective. This
phenomenon has been reported earlier in a patients with an
aggressive CGCG.5,8 Considering the findings above, the
question remains whether salmon calcitonin is as effective as
human calcitonin is in the treatment of CGCG. Also, the
diminished bio-availability of intranasally administered
calcitonin might be an adverse factor in the unfavorable
response in the reported patients.
Both patients showed considerable side-effects of the IFN
therapy, including nausea, pain in the joints, malaise and
weakness. These symptoms were especially present in the
first patient and led to frequent absence from school. Also,
liver enzymes were elevated in the first patient. The
side-effects of the IFN therapy were substantially more
severe than those of calcitonin therapy and became more
annoying with the duration of the treatment. In a recent
case-report, IFN was responsible for a drug-induced lupus

erythematosis and pancreatitis.5 Fortunately, these severe
side effects were not seen in the patients presented in this
study, but they are illustrative for the potential risks of
using IFN.
In conclusion, IFN administered as a mono therapy for
aggressive CGCG was capable of terminating the rapid
growth of the lesions in both patients and therefore
consolidated the size of the tumors. However, only partial
remission of the lesions was achieved, which stopped after
several months. Thereafter, ongoing administration of
IFN had no further effect, and alternative therapy will still
be necessary.

5. Goldman KE, Marshall MK, Alessandrini E,
Bernstein ML. Complications of alpha-interferon
therapy for aggressive giant cell lesion of the maxilla.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2005; 100: 285-91.
6. Dominguez Cuadrado L, Martinez Gimeno C,
Plasencia Delgado J, Suner M. Intranasal calcitonin
therapy for central giant cell granuloma. J Cran
Maxillofac Surg 2004; 32 (suppl 1): 244-5.
7. Harris M. Central giant cell granulomas of the jaws
regress with calcitonin therapy. Br J Oral Maxillofac
Surg 1993; 31: 89-94.

References
1. Busaidy B, Wong MEK, Herzog C, Flaitz C, Marchena
J, Eftekhari F. Alpha interferon in the management of
central giant cell granuloma: early experiences. J Oral
Maxillofac Surg 2002 (suppl); 60: 86-7.

8. Kaban KB, Mulliken JB, Ezekowitz RA, Ebb D,
Smith PS, Folkman J. Antiangiogenic therapy of a
recurrent giant cell tumor of the mandible with
interferon alfa-2a. Pediatr 1999; 103: 1145-9.

2. Carlos R, Sedano HO. Intralesional corticosteroids as
an alternative treatment for central giant cell
granuloma. Oral Surg Oral Med Oral Path Oral
Radiol Endod 2002; 93: 161-6.

9. Kaban LB, Troulis MJ, Ebb D, August M, Hornicek
FJ, Dodson TB: Antiangiogenic therapy with
interferon alpha for giant cell lesions of the jaws.
J Oral Maxillofac Surg 2002; 60: 1103-11.

3. Chuong R, Kaban LB, Kozakewich H, Perez-Atayde
A. Central giant cell lesions of the jaws;
A clinicopathologic study. J Oral Maxillofac Surg
1986; 44: 708-13.

10.Kaban LB. Biomedical technology revolution:
opportunities and challenges for oral and maxillofacial
surgeons. Int J Oral Maxillofac Surg 2002; 31: 1-12.

4. Collins A. Experience with anti-angiogenic therapy
of giant cell granuloma of the facial bones. Ann Roy
Australas Coll Dent Surg 2000; 15: 170-5.

11.de Lange J, Rosenberg AJWP, van den Akker HP,
Koole R, Wirds JJ, van den Berg H. Treatment of
central giant cell granuloma of the jaw with
calcitonin. Int J Oral Maxillofac Surg 1999; 28:372-6.

79

12.de Lange J, van den Akker HP, Klip H. Incidence
and diseasefree survival after surgical therapy of
central giant-cell granulomas of the jaw in The
Netherlands: 1990-1995. Head Neck 2004; 26:792-5.
13.O’Malley M, Pogrel MA, Stewart JCB, Silva RG, Regezi
JA.Central giant cell granulomas of the jaws: phenotype
and proliferation-associated markers. J Oral Pathol Med
1997; 26: 159-63.
14.Miyamoto N, Higuchi Y, Tajima M, Ito M,
Tsurudome M, Nishio M et al. Spindle-shaped cells
derived from giant-cell tumor of bone support
differentiation of blood monocytes to osteoclast-like
cells. J Orthop Res 2000; 18: 647-54.
15.O’Regan EM, Gibb DH, Odell EW. Rapid growth of
giant cell granuloma in pregnancy treated with
calcitonin. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2001; 92: 532-8.
16.Pogrel MA, Regezi JA, Harris ST, Goldring SR.
Calcitonin treatment for central giant cell granulomas
of the mandible: Report of two cases. J Oral
Maxillofac Surg 1999; 57: 848-53.
17.Pogrel MA. Calcitonin therapy for central giant cell
granuloma. J Oral Maxillofac Surg 2003; 61: 649-53.
18.Rajeevan NS, Soumithran CS. Intralesional
corticosteroid injection for central giant cell
granuloma. Int. J Oral Maxillofac Surg 1998; 27:
303-4.

80

19.Terry BC, Jacoway JR. Management of central giant
cell lesions: An alternative to surgical therapy. Oral
Maxillofac Surg Clin N Am 1994; 6:579-601.

81

82

Chapter 7

Genetic considerations and cherubism

83

84

Chapter 7.1

DNA analysis of the SH3BP2 gene in patients with an aggressive
central giant cell granuloma
J. de Lange
M.C. van Maarle
H.P. van den Akker
E.J.W. Redeker

Br J Oral Maxillofac Surg 2006: in press

85

86

DNA analysis of the SH3BP2 gene in patients with an aggressive central giant
cell granuloma.
Abstract
A mutation the SH3BP2 gene is known to cause
cherubism. Considering, the clinical and histopathological
similarities between central giant cell granuloma (CGCG)
and cherubism, a constitutional DNA analysis of the
SH3BP2 gene was performed in 4 patients with
aggressive CGCG (i.e. one or more of the following
features: pain, paresthesia, rapid growth or root
resorption). No mutations in the SH3BP2 gene could be
demonstrated in these patients, which indicate that
cherubism is a separate entity. However, a somatic mutation in a specific group of cells could cause the focal
lesions seen in CGCG. Therefore, further DNA analysis of
the lesional tissue of CGCG seems indicated.

Introduction
Central giant cell granuloma of the jaw (CGCG) is a
benign lesion that usually occurs before the age of 30. It
has a low incidence of 0.00011% in a general population.1
The etiology of CGCG is unknown. Cherubism is
an autosomal-dominant genetic defect that affects
bone remodeling in the mandible and sometimes also
the maxilla. The histological characteristics are
indistinguishable from central giant cell granuloma, even
though sometimes a characteristic eosinophilic
perivascular cuffing is present in cases of cherubism.
In 2001 the gene responsible for cherubism was discovered
on the short arm of chromosome 4 (4p16.3) and named
SH3BP2.2 Cherubism is often diagnosed at an early age.
Clinical characteristics of the disease are the bilateral
presentation and the familial occurrence of the lesions.

However, initial unilateral presentation, diagnosis at an
older age and absence of a family history have also been
described.3,4,5 Moreover, patients with multiple CGCG
without the cherubism phenotype are also reported in the
literature.6 This means that there could be an etiological
relation between cherubism and the (multiple) CGCG.
The mutation in the SH3BP2 gene leads to
overexpression, resulting in giant cell lesions that are
histologically similar to those found in CGCG.7,8,9
Therefore, we searched for a mutation in the SH3BP2 gene
in blood samples of patients with one or more aggressive
CGCGs but without the cherubism phenotype.

Patients and DNA analysis
Out of a total group of 14 patients with CGCG enrolled
in a prospective trial on calcitonin treatment, 4 patients
exhibiting aggressive signs and symptoms (i.e. one or
more of the following features: pain, paresthesia, rapid
growth or root resorption) were selected. After informed
consent, blood samples were taken and DNA analysis was
performed on the SH3BP2 gene. The male: female ratio
was 2:2 and the mean age was 24,3 years.
Hyperparathyroidism was excluded in all patients.
Genetic analysis
DNA was extracted from EDTA blood according to
standard procedures using the Puregene DNA extraction
kit (Gentra systems USA). We analyzed exon 9 in which
the mutation hotspot is situated by direct sequencing.
First, polymerase chain reactions (PCR) were performed,
using using a set of primers flanking the intron/exon
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boundaries (forward primer: 5’TGA-CAG-TGA-AATGGT-CCT-GCC 3’ and reverse primer: 5’TTG-CTCAGG-ACG-GTC-TGT-GA 3’). After purifying the PCR
products, the sequencing reactions were performed from
these purified PCR products using the Big Dye Terminator
v.1.1 kit (Applied Biosystems, Warrington, UK) according
to the manufacturer's instructions. Electrophoresis was
performed on an ABI377 DNA sequencer (Applied
Biosystems). The sequence analyses were performed with
Sequencinganalysis 3.5 software of Applied Biosystems.
The DNA analysis showed no mutations in exon 9 of the
SH3BP2 gene in the 4 patients with one or more
aggressive CGCGs (Table 1).

DNA analysis of the SH3BP2 gene in 4 patients
with a CGCG and aggressive signs and symptoms.
Patient
Sex (age)
M (14)
F (31)
F (33)
M (19)

Size
(mm)
60_35
20_20
37_37
20_20
35_28

Localisation
maxilla/mandible
right maxilla
left maxilla
+ left mandible
right mandible
right maxilla

Mutation
SH3BP2
neg
neg
neg
neg

grounds between cherubism and multiple CGCGs in the
jaw. There are indications that the gene SH3BP2 plays a
role in regulating the increased osteoblast and osteoclast
activities that are seen in normal tooth eruption.8
Furthermore, it is suggested that point mutations in the
SH3BP2 gene could cause pathologic activation of
osteoclasts.7,8 In this process, the SH3BP2 has an
influence on the regulation of the receptor of parathyroid
hormone (PTH) and PTH-related protein (PTHrP). PTHrP
mediates a reduction in expression of osteoprotegerin (OPG)
in dental follicle cells, which causes osteoclastogenesis.8,9
Since giant cells have been shown to be osteoclasts,10
SH3BP2 could play a role in the etiology of CGCG.
In the present study, however, no germline mutations in
the SH3BP2 gene were found in 4 patients with an
aggressive CGCG of the jaw. This finding supports the
assumption that cherubism is a distinct entity. Moreover,
since there is to our knowledge only one report of familial
occurrence of CGCG,11 a DNA aberration in patients
with CGCG probably occurs spontaneously and is not
hereditary. Therefore, it is more likely that a somatic
mutation in a specific group of cells could cause the focal
lesions seen in CGCG. Further DNA analysis of the
lesional tissue seems indicated.
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A new mutation in the SH3BP2 gene showing reduced penetrance in a family
affected with cherubism.
Abstract
Cherubism is a familial, benign, fibro-osseous disease of
the jaws. Mutations in the SH3BP2 gene are identified as
the cause of cherubism. In this study the penetrance of
cherubism in a Turkish family is described. Clinical and
radiological examination and DNA-analysis were performed
in eleven members of a Turkish family. Two members of this
family had the classical features of cherubism. In 5 family
members a point mutation was detected. This specific point
mutation has not been described earlier. Two of these
(one male and one female) showed no evidence of the
disease, indicating a reduced penetrance.

Introduction
Cherubism was first described by Jones in 1933 as a
familial multilocular cystic disease of the jaws.1 In 1938
the term cherubism was used for the first time because the
faces of the patients with more or less symmetrical swollen
cheeks resemble the angelic cherubs of Renaissance art.
Cherubism is characterized by bilateral expansion of the
mandible and/or the maxilla, which becomes noticeable in
early childhood and grows progressively larger until
puberty. The lesions gradually resolve after puberty.2
Radiologically, cherubism shows bilateral multilocular
cystic expansion of the jaws. Displacement or aplasia of
teeth and tooth-germs is often seen. The histological
characteristics are indistinguishable from central giant cell
granuloma, even though sometimes a characteristic
eosinophilic perivascular cuffing is present in cases of
cherubism.2,3 Cherubism has an autosomal dominant
inheritance and is thought to have a 100% penetrance in

males and 50-70% in females. However, sporadic cases
have also been reported. The data on penetrance date back
to an early review of 21 affected families5 and are referred
to in textbooks on maxillofacial pathology and genetics,6,7
as well as in virtually every paper published on
cherubism.2,8,9 The expressivity in patients is variable,
ranging from lesions bilaterally in only the mandibular
rami to lesions involving the entire mandible and maxilla.4
After the mapping of cherubism to 4p16,10,11 Ueki and
colleagues identified mutations in the SH3BP2 gene in 12
cherubism families.12 So far, all the reported mutations are
located in exon 9, within a 6 amino acid sequence at amino
acid position 415 to 420.8,9,12
In this study we describe the penetrance of cherubism in a
Turkish family afflicted with cherubism.

Case report
Subjects
Eleven members of a family originating from Turkey
were clinically, radiologically and genetically analysed. The
objective criteria for the diagnosis of cherubism were:
a bilateral swelling of the jaw with expansion, perforation,
disruption or thinness of the bony cortex combined with
radiographic findings of (large) bilateral multilocular
radiolucencies with irregular bony septa and tooth
displacement, missing teeth or root resorption. Routine
clinical examination was performed by two oral and
maxillofacial surgeons. For radiological examination
panoramic x-rays were made. In patients with signs and
symptoms of cherubism a biopsy of the jaw lesions was
taken for histological examination.
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Genetic analysis
DNA was extracted from EDTA blood according to
standard procedures using the puregene DNA extraction kit
(Gentra systems USA). We analyzed exon 9 in which the
mutation hotspot is situated by direct sequencing. First,
polymerase chain reactions (PCR) were performed, using a
set of primers flanking the intron/exon boundaries (forward
primer: 5’TGA-CAG-TGA-AAT-GGT-CCT-GCC 3’ and
reverse primer: 5’TTG-CTC-AGG-ACG-GTC-TGT- 3’.
After purifying the PCR products, the sequencing reactions
were performed from these purified PCR products using the
Big Dye Terminator v.1.1 kit (Applied Biosystems,
Warrington, UK) according to the manufacturer's
instructions. Electrophoresis was performed on an ABI377
DNA sequencer (Applied Biosystems). The sequence
analyses were performed with Sequencing analysis 3.5
software of Applied Biosystems.

Result
Two subjects of the family had the classical clinical and
radiological features of cherubism (the proband (III:1) and
his cousin (III:6), see pedigree Fig 1). Histological
examination showed the microscopic features of central
giant cell granuloma. In the proband the lesions extended

to the whole of the mandible and the right side of the
maxilla (Fig 2). His cousin exhibited lesions in the whole
of the mandible and maxilla and showed the typical
upward- turned eyes (Fig 3). In the proband direct
sequence analysis of exon 9 was performed. A point
mutation was detected; a C to A transition in exon 9
resulting in a proline to threonine substitution at amino
acid position 418 (p.P418T c.1513C>A). The other
affected family members (Fig 1) exhibited the same point
mutation. The proband‘s mother (II:4 in Fig 1) had no
clinical symptoms of the disease, but showed a facial
appearance consistent with a resolved cherubism.
Furthermore, remnants of cherubism in the mandible were
seen on the x-ray, including severe displacement of one
molar. The uncle (II:5 in Fig 1) and aunt (II:11in Fig 1)
who carried the mutation demonstrated no clinical or
radiological evidence of cherubism nor was there any
anamnestic indication that they had exhibited signs or
symptoms of cherubism in the past. One other family
member (II:10 in Fig 1) did not have any manifestations
or anamnestic evidence of cherubism and was not willing
to be tested. All the other family members showed no
clinical signs and symptoms of cherubism and tested
negatively on DNA analysis.

Figure 1: Pedigree of
Turkish family affected
with cherubism.
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Figure 2a and 2b: Panoramic x-ray
and facial appearance of the proband
(III:1). The arrows indicate a large
giant cell lesion in the mandible.

Figure 3a and 3b: Panoramic x-ray
and facial appearance of the proband’s cousin (III:6).

The mutation as described here is in a well-known
mutation hotspot at amino acid number 415 to
420.8,9,12 Mutations in pro418 (to leu, arg, or his) are
the most frequent described changes in cherubism. 9,12
However, the specific point mutation (p.pro418thr)
described here has not been reported before. It is presumed
to be pathogenic, since it is a substitution of the non-polar
proline by the polar threonine, and thus gives a change in
polarity. Furthermore, it is in the well-known mutation
hotspot, which indicates an essential role of this domain of
the gene in the development of cherubism.
Up till now, the pathogenesis of cherubism has not been
elucidated. It is hypothesized that the development of the
lesions in cherubism might be linked to the development of
the second and third molars,13 since these molars
are frequently missing or displaced in cherubism.
Furthermore, the lesions in cherubism are always located in
the jaw, the second molar starts mineralizing at the age of
two or three and the normal odontogenesis stops at
adolescence. The onset and regression often seen in
cherubism coincidence with these sequences in tooth
development. However, the question remains in what way
the SH2BP3 gene is linked to tooth development and
eruption. There are indications that the gene SH3BP2 plays
a role in regulating the increased osteoblast and osteoclast
activities that are seen in normal tooth eruption.12
Furthermore, it is suggested that point mutations in the
SH3BP2 gene could cause pathologic activation of
osteoclasts, presumably by dysfunction of the SH3BP2 gene
in the regulatory pathway of osteoclastogenesis.13,14 In
this process, SH3BP2 has an influence on the regulation
of the receptor of parathyroid hormone (PTH) and PTHrelated protein (PTHrP). PTHrP mediates a reduction in
expression of osteoprotegerin (OPG) indental follicle cells,
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which causes osteoclastogenesis.14,15,16,17
In this Turkish family five members were identified to
carry the point mutation, of which two did not express any
signs or symptoms of cherubism. One of these two was a
male, which is very rare because cherubism is thought to
have a 100% penetrance in males.5,6,7 In this male, as in
his sister, there was no retrospective evidence or personal
memory of any manifestation of cherubism. This means
that either he had a mild form of cherubism in his youth
that was never diagnosed and healed without any remnants
or that he was never afflicted with cherubism. The latter
would demonstrate that cherubism does not have a 100%
penetrance in males. Incomplete penetrance in males has
also been mentioned in a German report on two affected
families,18 even though no DNA analysis on the SH2BP3
gene was performed.
Of the remaining three family members identified with
the mutation, the proband and his cousin were definitely
affected with cherubism. Furthermore, the proband’s
mother showed radiological evidence of an earlier
manifestation of cherubism in the mandible. Also, her
facial appearance exhibited features consistent with cherubism in the past. Therefore, she has probably suffered from
cherubism in her youth, which has dissolved at the start of
adulthood. These findings suggest a variable expressivity
of cherubism in these three clinically and radiologically
affected family members with the same point mutation in
the SH3BP2 gene.
In generation II, 4 of the 9 siblings were already deceased
at the start of the screening, while a fifth, who exhibited no
signs and symptoms of cherubism, refused to be tested. In
3 of the 4 remaining siblings the mutation was identified.
In the next line of posterity the incidence was 1 out of 3.
This is in line with the expectation, cherubism being an
autosomal dominant disease with a 50% recurrence risk.
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In conclusion we found a new amino acid change in the
SH3BP2 gene in a known mutation hotspot for
cherubism, in a Turkish family. In 1 male and 1 female the
mutation was present, although they did not have any
signs and symptoms of cherubism, either presently or in
the past. This could indicate that, contrary to earlier
literature, the described mutation does not have a 100%
penetrance in males.
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Cherubism treated with calcitonin: report of a case.
Abstract
Background. Cherubism is a familial, benign, fibro-osseous
disease of the jaws. The mutation for cherubism is
identified in the SH3BP2 gene. In this study the results of
calcitonin therapy in one patient are described.
Methods. In an 11-year old boy, clinical and radiological
examination and DNA-analysis were performed to
diag-nose cherubism. Thereafter, the patient was treated
with intranasal salmon calcitonin (Miacalcin®, Novartis
Pharma.) for 15 months.
Results: The patient exhibited ongoing remission of the
lesions after calcitonin treatment.
Conclusion. In an 11-year old boy, cherubism was
successfully treated with calcitonin.

Introduction
Cherubism was first described by Jones in 1933 as a
familial multilocular cystic disease of the jaws1. In 1938
the term cherubism was used for the first time because the
faces of the patients with more or less symmetrical swollen
cheeks resemble the cherubs of renaissance art. Cherubism
has an autosomal dominant inheritance with a 100%
penetrance in males and 50-70% in females. However,
sporadic cases have also been reported. The data on
penetrance date back to an early review of 21 affected
families2 and are referred to in textbooks on maxillofacial
pathology and genetics, as well as in virtually every paper
published on cherubism.3,4 After the mapping of
cherubism to 4p165,6, Ueki and colleagues identified
mutations in the SH3BP2 gene in 12 cherubism families7.
Cherubism is characterized by bilateral expansion of the
mandible and/or the maxilla, which becomes noticeable in

early childhood and grows progressively larger until
puberty. Usually, the lesions gradually resolve after
puberty3. Radiologically, cherubism shows bilateral
multilocular cystic expansion of the jaws. Displacement
of teeth and tooth-germs is often seen. Histological
examination of the lesions reveals fibrovascular stroma with
areas of denser fibrous tissue and multinucleated giant cells.
These histological characteristics are indistinguishable from
giant cell granuloma. However, an eosinophilic perivascular
cuffing is reported as a specific finding in some cases of
cherubism.
Successful use of calcitonin in the treatment of central giant
cell granuloma (CGCG) has been reported by several
authors9-11. In this study we describe the effect of
calcitonin therapy in an 11-year old boy diagnosed with
cherubism.

Case report
An 11-year-old boy was referred with a painful, rapidly
expanding, bilateral swelling of the mandible and
the maxilla. The patient’s face was symmetrically
swollen. Intra-oral examination demonstrated a severe
malocclusion with displacement of teeth. The alveolar
ridges were swollen with a bluish-brown aspect and firm
on palpation. The medical record showed no abnormalities
and the patient was generally in good health. Physical
examination provided no further information related to
the disease. The panoramic X-ray demonstrated multiple
multilocular radiolucencies, displacement of teeth and
tooth germs and root resorption (fig 1, 2). At the age of
10, curettage of the lesions had been performed.
Histological examination showed a richly vascular, highly
101

Fig. 1: Panoramic X-ray of the jaws before start of therapy.
cellular, fibroblastic stroma with plump, spindle-shaped
cells. In the stroma, irregularly distributed giant-cells were
seen. A diagnosis of central giant cell granuloma was made.
However, within 6 months the lesions recurred.
Blood serum samples showed normal PTH and calcium
levels. Based on these manifestations a clinical diagnosis of
cherubism was made. DNA was extracted from EDTA
blood according to standard procedures using the puregene
DNA extraction kit (Gentra systems USA). Exon 9 of the
SH3BP2 gene was analyzed, in which the mutation hotspot
is situated by direct sequencing. First, polymerase chain
reactions (PCR) were performed, using a set of primers
flanking the intron/exon boundaries (forward primer:
5’TGA-CAG-TGA-AAT-GGT-CCT-GCC 3’ and reverse
primer: 5’TTG-CTC-AGG-ACG-GTC-TGT- 3’. After
purifying the PCR products, the sequencing reactions were
performed from these purified PCR products using the
Big Dye Terminator v.1.1 kit (Applied Biosystems,
Warrington, UK) according to the manufacturer's
instructions. Electrophoresis was performed on an ABI377
DNA sequencer (Applied Biosystems). The sequence
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Fig 2: Patient at the age of 11.
analyses were performed with Sequencing analysis
3.5 software of Applied Biosystems. This DNA analysis
showed a mutation in exon 9 of the SH3BP2 gene, thereby
confirming the diagnosis. Ten other family members were
also analyzed and the point mutation was demonstrated in
the patient’s mother, a brother and a sister of the patient’s
mother and a cousin of the patient. A further family
history was not available.
Based on the results of calcitonin in the treatment of
CGCG, it was decided to administer calcitonin for 1 year.
A daily administration of salmon calcitonin was then
started, using a nasal spray (Miacalcin®, Novartis
Pharma.) (200IU). Every 3 months, CT-scans were made
to evaluate the effect of the therapy by three dimensional
measurement of the lesions. In the first 12 months the
lesions were more or less stable and showed no regression.
After 15 months an initial regression was seen and the
therapy was terminated. Three months after cessation of
therapy, the control CT-scan showed a considerable
regression of the lesions and a restoration of the normal
contour of the mandible. A panoramic X-ray was also

Fig 3: Panoramic X-ray of the jaws
3 months after cessation of therapy.

Fig 4: Panoramic X-ray of the jaws
3 years after cessation of therapy.
made to evaluate the position of the teeth (fig 3). At that
time the patient was almost 13 years of age. During the
calcitonin treatment the patient demonstrated no
side-effects. After 3 years of follow-up the final panoramic
X-ray was made, showing a stable result of the therapy and
an almost complete regression of the lesions (fig 4).

Discussion
The successful use of subcutaneously administered
synthetic human calcitonin and salmon calcitonin in the

treatment of CGCG has been reported by several
authors9-12. This form of therapy was first reported
by Harris in 19939. The rationale of calcitonin
administration is that it inhibits the osteoclastic activity
of the giant cells. Theoretically, calcitonin should also be
effective in cherubism as the lesions are histologically
indistinguishable from those in central giant cell
granuloma and the bone resorption by the multinucleate
cells of cherubism is reduced by calcitonin in vitro13.
However, in the literature there are very few reports on the
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use of calcitonin in cherubism patients. In one report the
calcitonin therapy was considered a failure, although
treatment was initially intermittent due to poor
compliance with the injections and the therapy was
already discontinued after 6 months3. In another report
calcitonin treatment during one year had some effect, but
was then stopped because of persistent nausea14. In our
patient a 15 month period of calcitonin seemed to be
effective and resulted in remission of the lesions.
Although it can be argued that the remission could also be
a natural course of the disease, this seems unlikely
considering the fact that it occurred well before the age of
puberty.
The phenomenon of a delayed effect of salmon calcitonin
treatment is not unusual and has also been observed in
patients with a CGCG11,12. However, in an earlier report
on the treatment of CGCG with synthetic human
calcitonin, an instant effect of the therapy was observed10.
The reason for this different therapeutic response is not
clear. In this study we used salmon calcitonin instead of
the no longer available synthetic human calcitonin. The
administration of the calcitonin was done by a nasal spray
instead of subcutaneous injections. Calcitonins are
destroyed by gastric acids and can therefore not be
administered orally. Theoretically the effect of salmon
calcitonin is even stronger than the effect of human
synthetic calcitonin; 50 IU of salmon calcitonin appears to
be equipotent with 75-90 IU human calcitonin (one unit
of calcitonin is a quantity based on the hypocalcaemic
effect under standardized experimental conditions in
rats)15. However, human calcitonin could have slighter
antigenic properties. The administration of calcitonin via
a nasal spray is considerably less burdensome for the
patient than a daily subcutaneous injection, especially in
children. Absorption in the nose is dependent on the
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condition of the nasal mucosa and can therefore be
more variable. This means that the effect of calcitonin
administrated by a nasal spray can possibly be hampered
by a wider variation in bio-availability due to incomplete
absorption via the nasal mucosa16. However, the
differences in bioavailability between a nasal spray and
subcutaneous injections are compensated for by the
applied dose and should not influence the therapeutic
effect.
Side-effects of calcitonin treatment consist of nausea,
flushes and some dizziness and are minimal in some
patients. These symptoms occur in most cases directly
after administration of the calcitonin. The only side-effect
specifically linked to intranasal administration is sporadic
nasal bleeding. In our patient none of these side-effects
occurred. Further research on the use of calcitonin in
patients affected with cherubism, preferably by a
randomized trial, is needed to confirm the positive result
in the present patient. Considering the rare occurrence of
cherubism, this can only be achieved in a large
multi-center setting.
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Noonan-like/multiple giant cell lesion syndrome: Report of a case and a review of
the literature
Summary
Noonan-like/multiple giant cell lesion syndrome is a
recently defined syndrome manifesting the phenotypic
features of Noonan syndrome and the occurrence of
multiple giant cell lesions of bones, joints and/or
soft tissues. A case of a 15-year-old male with a
Noonan-like/multiple giant cell lesion syndrome is
presented and the literature is reviewed. A mutation in the
PTPN11 gene, known to cause Noonan syndrome, was
identified in the patient, but a mutation in the cherubism
gene, SH3BP2, was absent. Therefore, the giant cell lesions
of the jaw are probably an integral part of the clinical
manifestations of Noonan syndrome.

Introduction
In 1991, Cohen and Gorlin1 have defined a syndrome of
short stature, low normal intelligence or developmental
delay, ocular hypertelorism, prominent posteriorly
angulated ears, giant cell lesions of bones, joints and/or soft
tissues, pectus excavatum, and pulmonic stenosis. Apart
from the giant cell lesions the features are Noonan-like and
therefore it was named Noonan-like/multiple giant cell
lesion syndrome.
Probably this syndrome is not particularly rare, but the
clinical delimitation of the various components is difficult.
The problems in identifying the condition may be due to
incomplete ascertainment by various specialists. In the
literature, several conditions have entered into the
differential diagnosis: Noonan and Leopard syndrome,
pigmented
villonodular
synovitis,
cherubism,
hyperparathyroidism, neurofibromatosis type 1, cardio-

facio-cutaneous (CFC) syndrome, and neurofibromatosisNoonan syndrome.2-5 It is the purpose of this article to
contribute to the delimitation of the Noonan-like/multiple
giant cell lesion syndrome. A case of a 15-year-old male with
this syndrome is presented and the literature is reviewed.

Case report
A 15-year-old male was referred by the orthodontist
because of an accidental finding on the panoramic
radiograph. The orthodontist wanted to start treatment of
an anterior open bite but on the radiograph he found
several abnormalities bilaterally in the region of the
mandibular angle. At the age of 3 a pulmonary valvular
stenosis was diagnosed, which was successfully treated with
balloon dilatation therapy. Yearly follow-up at the
paediatric cardiology department showed no additional
cardiological problems, and development and growth were
normal. At the age of 11 the presence of Noonan syndrome
was suspected, but examination by the department of
genetics did not result in a definite diagnosis at that time.
Dorsal hypokyphoscoliosis, marked cubitus valgus and
limitation of motion of the thoracic and lumbal spine were
diagnosed by the orthopaedic department at the age of 14.
When the patient visited the oral and maxillofacial
surgery department he had no complaints. The sensory
function of the inferior alveolar nerves was undisturbed.
The history and physical examination revealed many of the
phenotypic features of Noonan syndrome (fig. 1): ocular
hypertelorism, ptosis, broad nasal bridge, posteriorly
angulated ears and a short neck with mild webbing.
On intra-oral examination no abnormalities in the region of
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Figure 1. Frontal view of
a 15-year-old male with
Noonan-like/multiple giant
cell lesion syndrome, demonstrating ocular hypertelorism,
ptosis, broad nasal bridge,
posteriorly angulated ears
and a short neck with
mild webbing.
the lower jaw were found, apart from the absence of the
mandibular permanent second molars. However, the
panoramic radiograph demonstrated large, multilocular
lesions bilaterally in the posterior mandible (fig. 2). On the
right side the second molar was situated at the lower

Figure 2. Panoramic radiograph showing large, multilocular
lesions bilaterally in the posterior mandible. On the right side
the permanent second molar is situated at the lower border of the
jaw, while on the left side there is retention of the permanent
second molar. The mandibular canal can not be identified on
either side.
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border of the jaw, while on the left side retention of the
second molar was seen. The mandibular canal could not be
identified on either side. In general anaesthesia both lesions
were biopsied and the permanent second molars were
removed. Pathological examination showed fibrous
connective tissue containing a relatively large amount of
spindle-shaped stroma cells and benign multinucleated
giant cells, consistent with the diagnosis of central giant
cell granuloma. Additional laboratory tests revealed that
serum calcium, phosphate and parathormone levels were
within normal limits.
The patient was again referred to the department of
genetics for evaluation of the actual findings. Full skeletal
X-rays were normal, demonstrating no other giant cell
lesion. Chromosome analysis showed a 46,XY karyotype.
Two years later DNA analysis revealed a mutation in the
Noonan syndrome gene (PTPN 11), which confirmed the
Noonan genotype.6 Since it has been suggested that the
multiple giant cell lesions of the jaw could represent a form
of cherubism7,8,9, the SH3BP2 gene on chromosome
4p16.3, known to be involved in cherubism10,11, was also
examined. However, no mutation within the SH3BP2 gene
was identified.
Surgical curettage of the lesions was performed, but after one
year a recurrence was seen on the right side of the mandible.
Alternative therapy with a daily dose of 100 IU of
calcitonin, administered by a nasal spray, was then started.
Currently, this therapy is still in progress.

Discussion
Noonan syndrome, first described by Noonan and Ehmke in
196312 is an autosomal dominant condition with a
wide phenotypic variability. Cardinal features include
congenital heart disease, short stature, low normal
intelligence or developmental delay, short neck with

webbing or redundancy of the skin, craniofacial
dysmorphism, cryptorchidism and deformity of the
sternum with precocious closure of the sutures.13 The
craniofacial features include ocular hypertelorism,
prominent posteriorly angulated ears, downward slanting
palpebral fissures and ptosis. The oral features include
micrognathia, high arched palate, dental malocclusion,
delayed tooth eruption, bifid uvula, and rarely cleft palate.
Although no cytogenetic, biochemical or metabolic
abnormality has been detected in a large number of Noonan
syndrome patients, bleeding diathesis is often described.14
It may involve defects in the coagulation and platelet
systems. In contrast, in Noonan-like/ multiple giant cell
lesion syndrome this abnormal bleeding has been reported
in only one patient.3
Central giant cell granuloma of the jaw (CGCG) is a benign
lesion that generally appears before the age of 30 and occurs
twice as often in the mandible than in the maxilla. It occurs
more frequently in women than in men and has a low
incidence of 0.00011% in a general population.15 There is
a wide variety in clinical behavior with on one side of the
spectrum large, expansive lesions with rapid growth and
aggressive signs and symptoms (pain, paresthesia and root
resorption) and on the other side small, indolent lesions
which show no or very little growth.15,16 Traditionally, the
most common therapy for non-aggressive lesions is surgical
curettage. However, in aggressive lesions surgical therapy
has a high recurrence rate and successful alternative
therapies such as the administration of calcitonin or
interferon alpha (in combination with surgical debulking)
have been reported.17-20 In our patient the initial lesions
were non-aggressive and were treated with surgical
curettage. However, one of the lesions recurred and was
consequently diagnosed as an aggressive giant cell
granuloma, after which calcitonin treatment was started.

Multifocal recurrent giant cell lesions are rare and
predominantly suggest the diagnostic possibility of brown
tumors of hyperparathyroidism. Although hypercalcemia
and high levels of plasma PTH are indicative for
hyperparathyroidism, it is believed that this condition also
may exist in the absence of hypercalcemia. Therefore, it is
suggested that several parameters should be monitored on a
regular basis.4 In our patient normal levels of calcium
and PTH were repeatedly found, thereby making the
possibility of hyperparathyroidism unlikely.
In 1991, Cohen and Gorlin1 described 14 patients with
theNoonan- like phenotype and the occurrence of multiple
giant cell lesions. They proposed a separate entity and
named it Noonan-like/multiple giant cell lesion syndrome.
Subsequently, several cases have been reported3,4,5,21,22.
Van Damme and Mooren4 reported the history of a boy
known to have Von Recklinghausen neurofibromatosis with
the occurrence of recurrent central giant cell granuloma of
both jaws. Due to incomplete clinical and laboratory data,
and the clinical overlap of the conditions, it was difficult to
differentiate between Noonan-like/multiple giant cell
lesion syndrome, cherubism, multiple central giant cell
granuloma, and (occult) hyperparathyroidism. Minisola
et al.22 presented a case of polyarticular pigmented
villonodular synovitis associated with multiple Noonan-like
anomalies including giant cell lesions in both knees. Bertola
et al.3 described three affected members of one family with
typical clinical findings of Noonan syndrome associated
with lesions in the maxilla and the mandible.
Multifocal giant cell lesions are the main feature of
cherubism and may also occur in syndrome disorders,
such as Jaffé-Campanacci syndrome, Leopard syndrome,
pigmented villonodular synovitis, CFC syndrome,
neurofibro-matosis type 1, and neurofibromatosis-Noonan
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syndrome. Clinically, there is an overlap between these
disorders, and there is no firm evidence that all these
conditions are really distinct entities. The giant cell lesions
of the jaw are histologically and immunohistochemically
indistinguishable23. Some authors suggested that the
occurrence of multifocal giant cell lesions in the jaw of
patients with a Noonan phenotype represents a coexistence
of Noonan syndrome and cherubism.7,8,9 In our patient
the location of the giant cell lesions was very similar to that
seen in cherubism but the gene mutation responsible for
cherubism was not identified. Recently, Lee et al.24
reported three unrelated patients with Noonan-like/
multiple giant cell lesion syndrome. In two of these patients
a mutation in the PTPN11 gene was demonstrated, while
there were no mutations within the SH3BP2 gene. These
genetic findings are identical to the ones found in our
patient. This means that patients with a Noonan-like/
multiple giant cell lesion syndrome only have a Noonan
genotype, and therefore the giant cell lesions could well be
a manifestation of Noonan syndrome and not a separate
entity. Further research in these patients is necessary to
support this hypothesis.
In conclusion, the term Noonan-like/multiple giant cell
lesion syndrome has been proposed to describe a distinct
condition in which a Noonan-like phenotype is associated
with multiple giant cell lesions in various parts of the body
including the jaws. It has also been suggested that the jaw
lesions could represent a form of cherubism coexisting with
Noonan syndrome. However, while the gene mutation for
Noonan syndrome in the PTPN11 gene could be identified
in the present patient, the gene mutation for cherubism was
absent. This result corresponds with the recent findings of
others.24,25 Therefore, it is most likely that the Noonanlike/multiple giant cell lesion syndrome is a part of the
Noonan syndrome spectrum and not a separate entity.
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Summery and conclusions
In Chapter 1 an epidemiological survey is presented on the
incidence and disease-free survival after surgical therapy of
central giant cell lesions of the jaw in The Netherlands
between 1990 and 1995. All central giant cell lesions that
were diagnosed in The Netherlands during these years
were evaluated. The incidence of central giant cell lesions
in the general population is 0.00011% (1/800000 per
year) and the 5-year disease-free survival after surgical
therapy is 76.1%. There was a significantly higher
recurrence rate in young males which could not be
explained by clinical signs and symptoms.
The results of this study are further specified in Chapter 2.
In this chapter the clinical and radiological features of giant
cell lesions of the jaw are reported and a distinction is made
between central giant cell granuloma (CGCG) and central
giant cell lesions in related syndromes. The male/female
ratio of the patients with a CGCG was 36/47 and the mean
age at the time of the diagnosis was 30.8 years. In 67.4 %
of the CGCG the lesion was located in the mandible.
Aggressive signs and symptoms (pain, paresthesia or root
resorption) were found in 19.3% of the CGCGs. Multiple
lesions occurred in 3.6%. An overall recurrence rate after
surgical therapy of 26.3% was found, while in patients with
aggressive signs and symptoms a recurrence rate of 37.5%
was observed (RR=1.6). Recurrences occurred more often in
younger patients (mean age: 24.7 years).
In Chapter 3 a pilot study is presented in which the
therapeutic effect of synthetic human calcitonin is
evaluated in 4 patients. Complete remission of the lesions
was achieved after 1 year of therapy and 6 months of

follow-up. The used dose differed from 50 IU to 100 IU
injected subcutaneous to 200 IU via a nasal spray. In all
patients an ongoing remission of the lesions was seen after
cessation of therapy. In 2 patients bone biopsies were taken
to confirm bone healing. All blood and urine
measurements, including calcium, phosphate, PTH,
alkaline phosphatase, osteocalcin, the 24-hour urinary
calcium and hydroxyproline, stayed within normal limits.
The results from this study initiated a randomized clinical
trial (RCT) to confirm these initial good results.
In Chapter 4 the results of a double blind, placebo
controlled clinical trial to assess the effect of calcitonin
therapy in CGCG are presented. Salmon calcitonin,
administered by a nasal spray (200 IU), was used in this
study because the synthetic human calcitonin was no
longer commercially available. A total of 14 patients was
enrolled in the study. The results showed that there was no
difference in reduction of the lesions between the placebo
group and the calcitonin group after 3 months. There was
also no difference in reduction of the lesions after 12 or 15
months of therapy. After 6 months of follow-up there was
a clinically and radiologically considerable reduction in
the size of the lesion in 7 patients (mean: 38% vol.). One
patient was out of the study after 3 months and in the
other patients the calcitonin therapy was not effective.
Moreover, in one patient the lesion exhibited ongoing
growth during the whole treatment period.
The patient who was out of the study after 3 months and
the patient who exhibited ongoing growth during the
calcitonin treatment were additionally treated with
interferon alpha (IFN).
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The results of IFN treatment are evaluated in Chapter 5.
Both patients exhibited fast growing lesions with
aggressive signs and symptoms and were treated with IFN
mono therapy in various doses for 10, respectively 14
months. In both patients the growth of the lesions could
be stopped and at the end of therapy a regression of 40%,
respectively 20% was measured on CT-scans. However,
IFN mono therapy was not capable of achieving complete
remission of the lesions. Considerable side-effects occurred
in both patients.
In Chapter 6 various aspects of cherubism are discussed.
Moreover, a possible link between a mutation in the
cherubism gene (SH3BP2) and the occurrence of
aggressive CGCG is evaluated. No mutations in the
SH3BP2 gene was found in 4 patients with aggressive
CGCG, demonstrating, that cherubism is indeed a
separate entity. However, a review of the literature shows
a strong relation between cherubism, CGCG and tooth
developmental processes in children. This means that a
gene mutation in aggressive CGCG could well be located
on another level in the regulatory pathway of tooth
eruption processes. In patients with aggressive CGCG,
DNA analysis of genes involved in tooth eruption
processes could contribute to further knowledge of the
aetiology.
In the second part of this chapter, a Turkish family with
cherubism is presented. DNA analysis showed a point
mutation in the SH3BP2 gene that has not been described
before. In one male and one female the mutation was
present, although they did not have any signs or
symptoms of cherubism, either presently or in the past.
This could indicate that, contrary to earlier literature, the
described mutation does not have a 100% penetrance
in males.
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In the final part of this chapter, treatment of one of the
family members afflicted with cherubism is described.
This 11-year-old boy was treated with salmon calcitonin
(200IU daily) via a nasal spray. After 15 months of
treatment an initial regression was seen after which the
therapy was stopped. Three months after cessation of
therapy, the control CT-scan showed a considerable
regression of the lesions and a restoration of the normal
contour of the mandible. At that time the patient was
almost 13 years of age. After 3 years of follow-up the final
panoramic X-ray showed a stable result and an almost
complete regression of the lesions.
In Chapter 7 a patient with a Noonan like/multiple giant
cell lesion syndrome is described. The features of the
syndrome are discussed and DNA analysis on the SH3BP2
gene as well as the PTPN11 (Noonan) gene was
performed. A mutation was found only in the PTPN11
gene. This confirms the finding of an earlier report, and
indicates that Noonan like/multiple giant cell lesion
syndrome is not a separate entity but part of the Noonan
syndrome.

Conclusions
1. Central giant cell granuloma is a rare disorder with
an incidence of 0.00011% in the general population.
This means that 18-20 new patients are diagnosed
each year in The Netherlands.
2. Surgical curettage has an overall recurrence rate of
26.3%. In CGCGs with aggressive signs and
symptoms a recurrence rate of 37.5% is observed.
This indicates that surgical curettage is not an
effective therapy for aggressive CGCG.
3. Calcitonin therapy using salmon calcitonin via a nasal
spray shows a variable response in patients with a
CGCG. In general, the effect of the therapy is not

evident in the first 6 months and the therapy should
continue for at least a year. However, ongoing
remission is often seen after cessation of therapy.
4. Interferon  is an effective treatment option in
aggressive, fast expanding lesions and is capable of
terminating the rapid growth of the lesions and
inducing a partial remission. However, side effects can
be severe and therefore this therapy can only be
recommended in very aggressive forms of CGCG that
are not responding to other treatment options.
5. There is no germ-line mutation in the SH3BP2 gene
in patients with an aggressive CGCG. This indicates
that cherubism is a separate entity.
6. Cherubism probably does not have a 100% penetrance
in males.
7. In patients with cherubism, exhibiting large and
expanding jaw lesions, calcitonin should be
considered as a treatment option.
8. The Noonan-like/multiple giant cell granuloma
syndrome is probably not a separate entity but part
of Noonan syndrome.
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Samenvatting en conclusies
In hoofdstuk 1 wordt een epidemiologische studie
gepresenteerd naar de incidentie van centrale reuscel
laesies van de kaak in Nederland tussen 1990 en1995.
Tevens wordt hier de uitkomst van chirurgische behandeling geëvalueerd. Alle reuscel laesies die in deze periode
werden gediagnosticeerd in Nederland zijn ge_ncludeerd
in deze studie. De incidentie van centrale reuscel laesies in
de algemene populatie is 0,00011% (1/800000 per jaar)
en de 5-jaars overleving zonder ziekte verschijnselen is
76,1%. Er was een significant hoger recidief percentage
bij jonge mannen hetgeen niet kon worden verklaard door
klinische en/of radiologische kenmerken van de afwijking.
De resultaten van deze studie zijn verder uitgewerkt in
hoofdstuk 2. In dit hoofdstuk worden de klinische en
radiologische bevindingen van de reuscel afwijkingen
geëvalueerd en wordt een scheiding gemaakt tussen
centraal reuscelgranulomen (CRG) en laesies optredend bij
gerelateerde syndromen. De man/vrouw verdeling van de
patiënten met een CRG was 36/47en de gemiddelde
leeftijd ten tijde van de diagnose was 30,8 jaar. In 67,4%
van de gevallen was de afwijking gelokaliseerd in
de onderkaak. In 19,3% was er sprake van agressieve
kenmerken ( pijn, paresthesie of wortelresorptie).
Multipele laesies werden in 3,6% van de patiënten gezien.
Het recidief percentage na chirurgische curettage was
26,3%, terwijl bij patiënten met laesies met agressieve
kenmerken een recidief percentage van 37,5% werd
gevonden (RR=1,6). Daarnaast traden recidieven vaker op
bij jongere patiënten ( gem. leeftijd: 24,7 jaar).
In hoofdstuk 3 wordt een pilotstudie gepresenteerd

waarin het therapeutisch effect van synthetische humane
calcitonine is geëvalueerd bij 4 patiënten met een CRG.
Complete remissie van de afwijking werd bij alle 4
patiënten gezien na 1 jaar therapie en 6 maanden followup. De gebruikte dosering varieerde van dagelijks 50 IE
tot 100 IE via subcutane injectie of 200 IE neusspray. Bij
alle patiënten werd een verder voortschrijdende remissie
gezien nadat de behandeling was gestopt. Na 18 maanden
werd bij 2 patiënten een botbiopt op de positie van de
afwijking genomen waarmee de genezing kon worden
bevestigd. Alle bloed en urine waarden, met name
calcium, fosfaat, PTH, alkalische fosfatase, osteocalcin en
de 24-uurs calcium en hydroxyproline uit de urine, bleven
binnen de normale grenzen. De resultaten van deze studie
initieerden een gerandomiseerde klinische trial (RCT) om
deze uitkomsten te bevestigen.
In hoofdstuk 4 worden de resultaten van een dubbelblinde, gerandomiseerde, placebo- gecontroleerde
klinische trial gepresenteerd waarin het effect van de
calcitonine therapie wordt beoordeeld en het verschil
tussen 12 of 15 maanden therapieduur wordt geëvalueerd.
In deze studie werd zalm calcitonine toegediend via een
neusspray (200 IE) omdat het synthetisch humane
calcitonine niet langer commercieel verkrijgbaar was. In
totaal werden 14 patiënten geïncludeerd. De resultaten
lieten geen verschil zien in reductie van de afwijking
tussen de calcitonine groep en de placebo groep in de
eerste 3 maanden van de studie(de placebo gecontroleerde
periode). Ook was er geen verschil in reductie van de
afwijking na 12 of 15 maanden therapie. Na 6 maanden
follow-up was er een aanzienlijke klinische en
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radiologische afname te zien in het volume van de
afwijking bij 7 patiënten (gem. 38% vol.). Van de
resterende 7 patiënten werd 1 patiënt na 3 maanden uit
de studie gehaald en was bij 6 patiënten was de
calcitonine niet effectief. Bovendien liet één van deze
patiënten doorgaande groei van de afwijking zien
gedurende de hele therapie. Deze patiënt en de patiënt die
uit de studie was gehaald, werden vervolgens behandeld
met interferon  (IFN).
De resultaten van deze behandeling worden beschreven in
hoofdstuk 5. Beide patiënten toonden snel groeiende,
agressieve CRGn, die werden behandeld met IFN in een
wisselende dosering gedurende 10, respectievelijk 14
maanden. Bij beide patiënten bleek IFN in staat om de
groei van de afwijking te stoppen en een initiële regressie
te bewerkstelligen van 40%, respectievelijk 20%,
gemeten op de CT-scans. Echter, de IFN mono therapie
was niet in staat om een volledige remissie van de
afwijking te bewerkstelligen en gaf aanleiding tot
aanzienlijke bijwerkingen.
In hoofdstuk 6 worden diverse aspecten van cherubisme
behandeld. Tevens wordt nagegaan of er een verband
bestaat tussen mutaties in het cherubisme gen (SH3BP2)
en CRG met agressieve kenmerken. Bij 4 patiënten met
een agressief CRG werden geen mutaties in het SH3BP2
gen gevonden, hetgeen bevestigt dat cherubisme een
aparte entiteit is. Niettemin blijkt uit de literatuur dat er
een sterke relatie bestaat tussen cherubisme, CRG en
tandontwikkelingsprocessen bij kinderen. Dit betekent
dat een genmutatie in agressieve CRGn aanwezig zou
kunnen zijn op een ander niveau van het mechanisme dat
aanleiding geeft tot tanderuptie processen. Bij patiënten
met een agressief CRG zou DNA analyse van genen
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betrokken bij tanderuptie processen kunnen leiden tot
verder inzicht in de etiologie.
In het tweede deel van dit hoofdstuk wordt een Turkse
familie met cherubisme gepresenteerd. DNA analyse van
het SH3BP2 gen liet bij 5 familieleden een puntmutatie
zien die niet eerder is beschreven. Bij één man en één
vrouw was de mutatie aanwezig hoewel noch anamnestisch
noch bij onderzoek klinische of radiologische
verschijnselen van cherubisme werden geconstateerd. Dit
kan betekenen dat, in tegenstelling tot wat tot nu toe
werd aange-nomen, cherubisme geen 100% penetrantie in
mannen laat zien.
In het laatste deel van dit hoofdstuk wordt de behandeling
beschreven van één van de familieleden met cherubisme.
Deze 11-jarige jongen werd behandeld met zalm
calcitonine (200IE dagelijks) via een neusspray. Na 15
maanden therapie werd een initiële reductie van de
afwijkingen gezien waarna de therapie werd gestaakt. Na
3 maanden follow-up werd op de CT-scan een aanzienlijke
reductie van de laesies gemeten en een herstel van de
oorspronkelijke vorm van de mandibula waargenomen.
Op dat moment was de patiënt bijna 13 jaar oud. Na 3
jaar follow-up toonde het OPT een stabiel resultaat met
een bijna complete remissie van de afwijkingen.
In hoofdstuk 7 wordt een patiënt met het Noonanlike/multiple giant cell granuloma syndroom beschreven.
De kenmerken van dit syndroom worden geëvalueerd en
een analyse van zowel het SH3BP2 (cherubisme) gen als
van het PTPN11 (Noonan) gen werd uitgevoerd. Alleen in
het PTPN11 gen werd een mutatie aangetoond. Dit
resultaat bevestigt een eerdere bevinding in de literatuur,
en geeft aan dat het Noonan-like/multiple giant cell
granuloma syndroom geen aparte entiteit is maar een
onderdeel van het Noonan syndroom.

Conclusies
1. Het centraal reuscelgranuloom is een zeldzame
afwijking met een incidentie van 0.00011% in de
algemene populatie. Dit betekent dat er 18-20
nieuwe afwijkingen per jaar in Nederland worden
gediagnosticeerd.
2. Chirurgische curettage van CRGn laat een recidief
percentage zien van 26,3%. Bij CRGn met agressieve
kenmerken is dit recidief percentage 37,5%. Dit
betekent dat chirurgische curettage een weinig
effectieve therapie is, met name voor agressieve laesies.
3. Calcitonine therapie met zalm calcitonine via een
neusspray laat een sterk variabele respons zien bij
patiënten met een CRG. In zijn algemeenheid kan
worden gesteld dat het effect van de therapie niet
zichtbaar is in de eerste 6 maanden van de toediening
en dat de therapie minstens een jaar moet worden
gecontinueerd. Voortschrijdende reductie van de
afwijking is vaak zichtbaar nadat de therapie is
gestopt.
4. Interferon  is een effectieve therapeutische optie voor
agressieve, snel groeiende laesies die niet goed
reageren op andere therapieën. IFN is in staat om de
groei te stoppen en een gedeeltelijke reductie van de
afwijking te bewerkstelligen. Echter, de bijwerkingen
kunnen aanzienlijk zijn en daarom kan deze therapie
alleen als ultimum refugium worden aanbevolen.
5. Er is geen mutatie in het SH3BP2 gen bij patiënten
met een agressief CRG. Dit geeft aan dat cherubisme
een aparte entiteit is.
6. Cherubisme heeft waarschijnlijk geen 100%
penetrantie in mannen.
7. Bij patiënten met cherubisme, met grote en
expanderende kaakafwijkingen, kan calcitonine als
therapie worden toegepast.

8. Het Noonan-like/multiple giant cell granuloma
syndroom is waarschijnlijk geen aparte entiteit maar
een onderdeel van het Noonan syndroom.
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“But this is not the end. It isn’t even the beginning of the end. Maybe it is the end of the beginning.
Winston Churchill, address to the nation after El Alamein, November 1942.
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