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Abstract

Ossifying fibroma of the craniofacial bones is a fibro-osseous lesion characterized by varied patterns of bone formation in a
fibroblastic stroma. Ossifying fibroma is a putatively benign lesion with no reports of malignant transformation or metasta-
sis. Differentiation from other fibro-osseous lesions can be challenging necessitating synthesis of clinical, radiological and
pathological findings. The molecular pathogenesis of ossifying fibroma is poorly understood but recent studies have reported
MDM? gene amplification and chromosomal copy number changes in a subset of ossifying fibromas. MDM?2 amplification in
ossifying fibroma, if true, presents a diagnostic problem because this genetic event, at least among craniofacial fibro-osseous
lesions, was previously considered specific for low-grade osteosarcoma. In the present study, we investigated the utility
of MDM2 and CDK4 immunohistochemistry, and fluorescence in situ hybridization for MDM?2 gene amplification, in the
diagnosis of 44 craniofacial bone ossifying fibromas. Focal MDM?2 and CDK4 nuclear immunoreactivity was found in 11
and 1 ossifying fibromas, respectively, but none demonstrated MDM?2 amplification by fluorescence in situ hybridization. A
single tumor displayed MDM?2 amplification without nuclear immunoreactivity to either MDM?2 or CDK4. Our data suggest
that while focal MDM?2 and CDK4 nuclear expression may be detected in a minority of ossifying fibromas, this expression
does not correlate with MDM?2 amplification. In addition, MDM?2 amplification is extremely rare in ossifying fibroma so the
detection of this genetic abnormality should continue to raise concern for osteosarcoma.
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Introduction

Fibro-osseous lesions of the craniofacial bones are a diverse
group of lesions defined by collagenous matrix containing
variable amounts of immature osteoid and/or mineralized
bone [1, 2]. This group of conditions includes both benign
(e.g. ossifying fibroma) and malignant neoplasms (e.g. low-
grade osteosarcoma), developmental dysplastic processes
(e.g., cemento-osseous dysplasia and fibrous dysplasia) and
reactive/inflammatory conditions (e.g., chronic sclerosing
osteomyelitis) [2]. Ossifying fibroma (OF) may be further
subdivided into three distinct clinicopathological entities:
cemento-ossifying fibroma, juvenile trabecular ossifying
fibroma, and juvenile psammomatoid ossifying fibroma
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[2]. As prognosis, management and morbidity differ signifi-
cantly between the fibro-osseous lesions, accurate diagnosis
is essential [3]. There is significant overlap in morphology
amongst the fibro-osseous lesions requiring the integration
of clinical and radiographic features in addition to patho-
logic findings to establish the correct classification.

The distinction between the fibro-osseus lesions can be
challenging, particularly on a small biopsy. In select cases,
immunohistochemistry, genetic or molecular testing may
be diagnostically useful especially as the genetics of some
fibro-osseous lesions become better understood. For exam-
ple, fibrous dysplasia harbors an activating mutation in
GNAS that appears to be specific for this entity [4]. In OF,
rare CTNNBI and HRPT2 mutations have been described
[5, 6]. Perhaps the most important genetic finding in the
diagnosis of craniofacial fibro-osseous lesions is amplifi-
cation of chromosome 12q13-15 subregion that includes
the genes MDM?2 and CDK4 in low-grade osteosarcomas.
MDM?2 gene amplification can be identified indirectly by
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protein overexpression of MDM?2 and CDK4 or directly
by fluorescent in situ hybridization (FISH), PCR-based or
next-generation sequencing-based methods [12, 15]. To date,
multiple studies have shown high sensitivity and specificity
of MDM2 protein overexpression by immunohistochemis-
try and/or MDM?2 gene amplification to support low-grade
osteosarcoma over morphologic mimics [7—12]. However,
a recent study reported chromosome 12 long arm rearrange-
ment and amplification of MDM?2 and RASALI in a subset
of juvenile OF using quantitative polymerase chain reaction
(qPCR) [13] although MDM?2 and CDK4 protein expression
were not tested. A separate study used laser dissection and
copy number profiling to demonstrate chromosome 12 gains
in OF including one OF with gains encompassing MDM?2
and CDK4 confirmed by qPCR [14]. These results were not
correlated with immunohistochemistry or cytogenetics.

The above results suggest that MDM?2 amplification and
resulting overexpression can be identified in at least a subset
of OF. If confirmed, such a finding raises doubt about the
diagnostic utility of MDM2 and CDK4 immunohistochem-
istry and MDM?2 FISH to distinguish between OF and low-
grade osteosarcoma [9-12]. In order to further investigate
the frequency of MDM?2 and CDK4 protein expression and
MDM?2 amplification in craniofacial OF, we studied a large
group of well characterized OF (conventional, juvenile tra-
becular and juvenile psammomatoid) by immunohistochem-
istry and FISH.

Materials and Methods
Case Selection and Tissue Microarray Preparation

We initially identified 49 cases of ossifying fibroma from
the pathology archives at the University of California San
Francisco (UCSF). The clinical and radiographic data were
retrieved and reviewed. Of these, 44 cases from 42 patients
had available microscopic slides and were further studied.
The diagnosis was based on light microscopic, radiographic
and clinical features with consensus of all three authors. A
tissue microarray (TMA) was prepared using 2 mm cores in
triplicate from a formalin fixed paraffin embedded (FFPE)
block from 40 cases with available paraffin blocks. For cases
with multiple donor blocks, undecalcified blocks were used
whenever possible. Furthermore, if decalcification was noted
in the gross description, this was recorded. Immunohisto-
chemistry for MDM2, CDK4 and FISH for MDM?2 were
performed and evaluated on the TMA. Two cases (cases 9
and 17) were stained both with TMA and as a whole slide
sections. The remaining four cases (cases 21, 22, 23 and 29)
were from the authors’ consultation files with immunohisto-
chemistry on whole sections for MDM2 and CDK4 from the
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diagnostic workup of these cases but no FFPE blocks were
available for FISH.

Immunohistochemistry

Immunostaining was performed on FFPE tissue. Immuno-
histochemical analysis was carried out following standard
protocols. Briefly, 4-um deparaffinized sections of each
tumor were stained for MDM2 (IF2, Life Technologies,
New York, USA) and CDK4 (DCS-31, Life Technologies,
New York, USA) on a Leica Biosystems’ (Buffalo Grove,
IL) Bond III automated immunostainer for 20 min at room
temperature. Stained slides were semiquantitatively scored
for nuclear staining by three pathologists (DB, AEH, RCJ).
Scores were only recorded if all three cores on the TMA
contained adequate lesional tissue. Discrepant scores were
re-reviewed as a group to arrive at a consensus score. Scor-
ing used previous published methods [10]: a positive result
was recorded when at least one cell nucleus was stained per
high power field and further stratified based on the percent
of positive nuclei: <10%, 11-25%, 26-50% and > 50%. Only
nuclear staining in mononuclear cells was scored as positive.
Nuclear staining in osteoclast-type giant cells and cytoplas-
mic staining were disregarded. Dedifferentiated liposarcoma
and normal thymus served as positive and negative controls,
respectively [15].

Fluorescence In Situ Hybridization (FISH)

FISH was performed and evaluated following standard pro-
tocols. Briefly, 4 pm sections of FFPE tissue were hybrid-
ized with fluorescent probes: locus-specific identifier (LSI)
MDM?2 mapped to chromosome 12q15 (Vysis LSI MDM2
Spectrum Orange Probe) and centromere 12 (Vysis CEP12
Spectrum Green Probe) counterstained with 4, 6-diamidino-
2-phenylindole. A minimum of 25 nuclei were visualized
per slide for positive cases, 50 nuclei for negative cases. The
number of fluorescent signals was evaluated for each nucleus
analyzed. If at least one or two bright fluorescent spots
per nucleus could not be seen on at least 80% of cells, the
result was considered to be non-diagnostic (i.e. hybridiza-
tion failure). Amplification was defined as a MDM2/CEP12
ratio >2.0. Dedifferentiated liposarcoma and normal thymus
served as positive and negative controls, respectively [15].

Results

The morphologic, clinical and immunophenotypic character-
istics of the OFs are summarized in Table 1. The collection
consisted of 44 tumors from 42 patients (11 male (27%) and
31 female (73%) with mean age of 27 years (range 1-68).
The majority of the cases were located in the mandible (27,
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Table 1 Summary Of, clinical, Case# Age Gender Location Diagnosis Decalcified MDM2IHC CDK4IHC MDM?2 FISH

pathologic and genetic results of

ossifying fibromas 1 33 M Ethmoid ~ OF No - - -
2 13 M Orbit JPOF No - - ND
3" 11 F Maxilla ~ JPOF Yes - - -
4 11 F Maxilla ~ JPOF No + - -
5 26 F Mandible OF Yes - - -
6 9 F Mandible OF No + - -
7 12 F Mandible OF Yes - - ND
8 30 F Sphenoid JPOF No ND - -
9 58 F Ethmoid OF No - - +
10 47 F Maxilla OF No + - -
11 13 F Maxilla ~ JPOF No +++ - -
12 17 M Sphenoid JPOF No - - ND
13 67 F Mandible OF No - - -
14 43 F Maxilla ~ OF Yes - - -
15# 12 M Mandible JTOF No - - -
16" 12 M Mandible JTOF No +++ - -
17 68 F Mandible OF No - - -
18 45 F Mandible OF No - - -
19 1 M Maxilla ~ JTOF No + - -
20 54 F Mandible OF Yes - - -
21 8 F Maxilla JTOF No - - NP
22 16 F Mandible JTOF No - - NP
23 4 F Mandible JTOF No - - NP
24 12 F Mandible JTOF No - - -
25 33 F Mandible JTOF No - - -
26 31 F Mandible JTOF Yes + - -
27 12 M Maxilla JTOF No - - -
28 12 M Maxilla  JTOF Yes - - -
29 46 F Mandible JTOF Yes - - NP
30 31 F Mandible JTOF Yes + - -
31 14 M Maxilla  JTOF Yes - - -
32 28 F Mandible JTOF No - - -
33 4 M Maxilla ~ JTOF No - - -
34 29 M Mandible OF Yes - - -
35 41 F Mandible OF No + - -
36 24 M Mandible OF No - - ND
37 12 F Mandible OF Yes - - ND
38 45 F Mandible OF No - - ND
39 26 F Mandible OF No - - -
40 26 F Mandible OF No + + -
41 28 F Mandible OF No - - -
42 25 F Mandible OF No - - -
43 58 F Mandible OF Yes + - -
44 32 F Maxilla OF No - - -

MDM2 and CDK immunohistochemistry: —: No staining in any cells; 4+: <10% of positive tumor cells; ++:
11-25% of positive tumor cells; +++: 26-50% of positive tumor cells; ++++: >50% of positive tumor

cells

F female; M male; OF ossifying fibroma; JTOF Juvenile trabecular ossifying fibroma; JPOF Juvenile

psammomatoid ossifying fibroma; NP not performed; ND non-diagnostic

*Cases 3 and 4 are from the same patient

**Cases 15 and 16 are from the same patient
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60%) followed by maxilla (12, 26%). The cases were clas-
sified into three subtypes: (conventional) ossifying fibroma
(22/44; 49%), juvenile trabecular ossifying fibroma (16/44;
38%), and juvenile psammomatoid ossifying fibroma (6/44;
13%). Figure 1 illustrates representative examples of his-
tology and immunohistochemistry results of each subtype.

MDM2 nuclear immunostaining was observed in 11/43
(25%) OF, of which only 1 case (case 40) also showed
CDK4 positivity (1/44, 2%) MDM2 immunostaining, if
present, was present< 10% of the cells in the majority of
positive cases (9/11, 82%) and < 10% of the cells in the one
CDK4 positive case (case 40). Occasional osteoclast-type

MDM2
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Fig. 1 Representative histomorphology and immunohistochemis-
try results of ossifying fibroma. A—C Ossifying fibroma (case 9)
composed of low-grade cellular fibroblastic stroma that invades and
replaces woven bone and forms new bone; no nuclear immunoreac-
tivity MDM2 or CDK4. D-F Juvenile psammomatoid ossifying
fibroma (case 11) with hyalinized stroma and bone deposits with
concentric calcification; nuclear MDM2 positivity in >26-50% of
spindle cells; no nuclear immunoreactivity to CDK4. G-I Juvenile
trabecular ossifying fibroma (case 26) with cellular spindled growth
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and woven bone that presents as anastomosing trabeculae with min-
eralization; nuclear MDM?2 positivity in <10% of cells (nuclear stain-
ing in osteoclast-type giant cells was disregarded- see methods).; no
nuclear immunoreactivity to CDK4. J-L Ossifying fibroma (case 41)
with bone formation and dense cellular stroma with mineralization
and osteoclast-type giant cells; strong cytoplasmic and rare MDM2
nuclear staining in spindle cells; rare faint nuclear CDK4 staining in
spindle cells (arrows highlight rare positive nuclei)
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Fig.2 Representative fluorescence in situ hybridization results in
ossifying fibroma. A Ossifying fibroma, case 9 was the only case to
show MDM?2 amplification (MDM2:CEP12 ratio 5.0:1). B, C All

giant cells demonstrated nuclear MDM?2 immunostain-
ing (Fig. 1H) and considered negative for the purposes of
scoring.

FISH was informative in 34 of the 40 cases with available
FFPE tissue. The remaining 6 cases demonstrated insuffi-
cient hybridization signals and were considered nondiag-
nostic by FISH. Representative results are shown in Fig. 2.
Only a single case (case 9, Fig. 2A) demonstrated MDM?2
amplification (MDM2:CEP12 ratio 5.0:1). This case was
negative for MDM2 and CDK4 by IHC on both the TMA
and on a whole section (Fig. 1A-C). We identified no cor-
relation between subtype of OF, cellularity, degree of atypia,
and MDM2 or CDK4 status. The fraction of MDM?2-positive
cases was similar in decalcified and non-decalcified samples
(3/12 [25%] and 8/28 [29%], respectively).

Discussion

Amplification of 12q13-15 involving MDM?2 and CDK4
genes was initially reported as a sensitive and specific find-
ing of parosteal and low-grade central osteosarcomas of
long bones [10, 16, 17]. Subsequently, this genetic event
was also identified in craniofacial osteosarcomas, detectable
by immunohistochemistry or FISH [12]. The above results
ostensibly permit distinction of low-grade craniofacial
osteosarcomas from other fibro-osseous lesions including
OF using immunohistochemistry or genetic methods. How-
ever, recently, a chromosome 12 long arm rearrangement
covering MDM?2 and RASALI amplification was reported
in a subset of ossifying fibroma using qPCR [13]. Further-
more, using low-output whole genome sequencing, a second
study discovered copy number alterations with associated
distinct genomic patterns in OF, specifically copy number
amplifications of chromosomes 7 and 12 including one case
with amplification of the MDM?2 gene [14]. These latter two
studies raised concern that OF may demonstrate MDM?2
amplification and resulting MDM2 and CDK4 expression

remaining ossifying fibromas were negative for MDM?2 amplifica-
tion regardless of MDM2 and CDK4 immunohistochemical status; B
JTOF, case 16; C OF, case 1

by immunohistochemistry in OF. If so, these ancillary tests
would no longer support osteosarcoma over OF.

To our knowledge, the present series is the largest study
of MDM?2 and CDK4 expression and MDM?2 amplification
status in OF. Our results suggest that gene amplification of
MDM?2 as detected by FISH is extremely rare in OF of the
craniofacial bones (3% of OF in this series) while nuclear
expression of MDM?2 and CDK4 can be seen in a subset
of cases (25% and 2%, respectively), but is typically focal
(£10% of nuclei staining). These findings are relevant
because pathologists may include ancillary immunohisto-
chemistry and/or cytogenetics to distinguish OF from other
fibro-osseous lesions, including osteosarcoma. Based on the
current study, focal immunopositivity for MDM?2 and CDK4
should not be sufficient to warrant a diagnosis of osteosar-
coma but may prompt direct testing by FISH. Further, our
results suggest that detection of MDM?2 amplification by
FISH does not exclude OF (positive in 3% of the OF in the
present series), but such result should still raise a high index
of suspicion for osteosarcoma in which MDM?2 amplification
is reportedly much more common (67-100%). [8, 16, 17]

The increased frequency of MDM?2 amplification in OF
detected in recent studies [13, 14] compared to our results
and those of prior authors [10-12] is perplexing. Although
the discrepancy may be due to different techniques used
in detection of MDM?2 amplification (i.e. qPCR or FISH),
multiple previous studies showed high level of concordance
between different molecular assays for MDM?2 amplifica-
tion in adipocytic lesions or for HER2 gene amplification
in breast specimens [15, 18]. Thus, the discordant findings
should be addressed with optimization of MDM?2 testing
in bone tumors along with tissue processing protocols. It
should also be noted that one previously reported OF with
MDM?2 amplification recurred multiple times and eventually
recurred as osteosarcoma. [14] The above finding raises the
possibility that this tumor might have been better classified
as osteosarcoma initially since malignant transformation of
OF is exceedingly rare in the literature.
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Based on the presence of MDM?2 amplification, we also
considered whether case 9 represented a misdiagnosed low-
grade osteosarcoma rather than OF. Low-grade osteosar-
coma of the gnathic bones is similar to low-grade central
osteosarcoma of long bones in that both frequently dem-
onstrate MDM?2 amplification and a fibro-osseous appear-
ance histologically [8, 10—12]. Features that favor low-grade
osteosarcoma over OF include radiographically ill-defined
margins, elongated parallel trabeculae of woven bone, per-
meation of the fibrous component into native lamellar bone
and mild nuclear atypia (slight nuclear enlargement and
hyperchromasia) [2]. In case 9, imaging showed a relatively
non-aggressive appearing lesion without cortical destruc-
tion or soft tissue extension. Microscopically, this case did
not demonstrate any of the above described features of low-
grade osteosarcoma. Finally, this patient has not developed
a recurrence or progression to higher grade tumor after 15
years of clinical follow-up. In summary, while we cannot
exclude that MDM?2 amplified case 9 represented a low-
grade osteosarcoma, the clinical, radiographic and histo-
morphologic features argue for OF.

To date, five studies have reported consistently negative
IHC results for MDM?2 in benign craniofacial fibro-osseous
lesions [10-13, 19]. However, in our series, 11 cases (25%)
exhibited MDM?2 nuclear immunostaining, albeit focal,
without MDM?2 amplification by FISH. In contrast to other
tumors with MDM?2 amplification [10, 20, 21], the correla-
tion between IHC and FISH was poor in our study. Acid
decalcification may negatively affect antigenicity and DNA-
based testing. In the present series, the fraction of cases
positive for MDM?2 by immunohistochemistry was similar
regardless of decalcification status suggesting that decalci-
fication did not have a marked effect on MDM?2 antigenicity.
However, FISH was inconclusive in some cases, despite the
fact that decalcification was not mentioned in the processing
of most of these samples. Furthermore, the single case with
MDM?2 amplification detected by FISH was MDM2 negative
by IHC. Therefore we cannot rule out the possibility that
these samples were decalcified without having been recorded
in the gross description. Because the majority of our cases
were informative by FISH and lacked MDM?2 amplification,
our findings suggests that both negative and positive IHC for
MDM2 should be interpreted cautiously. A positive MDM?2
and CDK4 THC result should be supplemented by genetic
testing to detect MDM?2 gene amplification directly prior
to rendering a diagnosis of osteosarcoma. Accordingly, it
would be prudent to process fibro-osseous lesions, or at
least a portion of the specimen, without acid decalcification
to preserve DNA for future genetic testing. If decalcifica-
tion is unavoidable, the type of decalcifier used should be
recorded in the gross description to inform the interpretation
of ancillary testing. If possible, EDTA based decalcification
is preferred as it appears to have less impact on FISH [22].
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A limitation of our study is the risk that the small cores
sampled in a TMA may not be representative of whole
tumor if there is heterogeneous protein expression. The
TMA technique was chosen both to simulate the scant
tissue available for diagnosis on small biopsies and to
manage financial constraints. However, triplicate cores,
obtained from disparate areas of donor blocks showed con-
cordance within a given case providing representation of
multiple areas of tumor. Furthermore, all 6 cases stained
using whole slides (including case 9, showing MDM?2
amplification by FISH) were uniformly negative arguing
against heterogeneous or focal expression of MDM?2 or
CDK4. Finally, while protein expression and immuno-
histochemical staining may be heterogeneous in a given
histologic section, clonal genetic driver events like MDM?2
amplification may be more homogeneous in a neoplasm
[23].

In summary, we report here that focal (typically <10%
of tumor cells) MDM?2 and less frequently CDK4 nuclear
expression may be detected in a minority of craniofacial OF.
Therefore, positive IHC results for MDM?2 and/or CDK4
should not exclude a diagnosis of OF but prompt testing
for MDM?2 amplification by other methods including FISH.
While a positive MDM?2 amplification result in a craniofa-
cial fibro-osseous lesion does not completely exclude OF,
it should still raise concern for low-grade osteosarcoma
because this genetic event is much more common in the lat-
ter. Finally, future studies evaluating the complete genomic
profiling of OF will be useful to detect specific genetic or
molecular events that allow distinction from other fibro-
osseous lesions in exceptionally difficult cases.
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