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Abstract:

Background:

Parosteal Osteosarcoma of the Jaw (POSJ) is a rare entity that is associated with a high survival rate. Several case reports and case
series  of  POSJ  have  been  published  in  the  literature,  but  few  authors  have  described  development  of  this  tumor  by  possible
transformation from a fibro-osseous neoplasm.

Objective:

We present a rare occurrence of parosteal osteosarcoma with involvement of the posterior maxilla, orbit floor, and infra-temporal
fossa in a 20-year-old man. Furthermore, we performed a literature review regarding clinical, radiological, and histological features;
treatment strategies; and etiology/pathophysiology.

Methods:

A PubMed search yielded a total of 74 articles and the articles were sorted according to their corresponding key area of focus.

Results:

This was a case of POSJ with high-grade component in the maxillofacial region of a 20-year old male. Co-expression of MDM2 and
CDK4 was confirmed. At 2.5-year follow-up, the patient had died. The literature review revealed 18 articles including 20 cases of
POSJ. Four cases represent the possible development of this tumor by transformation from a fibro-osseous neoplasm: Two cases of
fibrous dysplasia, one case of cemento-ossifying fibroma, and the case of Ossifying Fibroma (OF) in the present study.

Conclusion:

In conclusion, we found an unusual case of POSJ of the midface in a patient with a previous diagnosis of OF in the same region. To
our knowledge, there have been no previous reports of development of POSJ in OF. Furthermore, this is the first described case of
high-grade surface osteosarcoma in the craniofacial region.
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1. INTRODUCTION

Osteosarcoma (OS) is the most common primary malignancy of bone tissue, and the sites most affected are the long
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bones of the extremities [1]. Head and neck osteosarcoma (HNOS) accounts for approximately 10% of all OS and less
than 1% of all head and neck cancers [1, 2]. In the craniofacial region, the sites most affected are mandible and maxilla
(85%) with  a  peak incidence  in  the  fourth  decade of  life  [3,  4].  The presenting  symptoms are  paresthesia  over  the
affected  area,  swelling,  and  facial  pain  [2,  5].  The  duration  of  symptoms  and  tumor  size  vary  at  diagnosis.  In  the
literature, a median duration of symptoms of 4 months (range 1-46 months) and a median size of 5.5 cm (range 1.2-15
cm) have been described [6].

Osteosarcomas  are  divided  into  central  osteosarcomas,  which  are  usually  more  aggressive,  and  surface
osteosarcomas [7].  Surface osteosarcomas are further classified into three subtypes: parosteal,  periosteal,  and high-
grade surface osteosarcomas. Parosteal and periosteal osteosarcomas are described as low-grade tumors, usually with
more benign clinical characteristics. Most of the jaw bone osteosarcomas are intramedullary tumors with extraskeletal
extension.  Surface osteosarcomas account  for  about  3‒6% of  all  osteosarcomas,  and arise  from periosseous tissues
adjacent  to  the  cortex  [8].  Low-grade  osteosarcomas  may  be  mistaken  for  fibro-osseous  neoplasms  [9],  and  in  the
literature there are several reports of osseous lesions behaving in an aggressive fashion [10 - 14].

The diagnosis of parosteal osteosarcoma is based on radiological and histological findings. Although this tumor has
some radiological characteristics, the histological evidence is important for final diagnosis and differentiation of low-
grade osteosarcoma from benign histological mimics [15, 16]. Furthermore, Salinas-Souza et al. demonstrated MDM2
amplifications in 79% of patients with POSJ as compared to 12% in patients with conventional osteosarcoma [15]. The
importance of positive immunostaining for CDK4 and/or MDM2 in detection of low-grade osteosarcoma has also been
highlighted by others [16].

Moreover, malignant transformation from benign lesions into osteosarcomas in the craniofacial region is known to
occur. Ossifying Fibromas (OFs) are benign fibro-osseous pathologies of non-odontogenic lineage, characterized by the
replacement  of  normal  bone  structure  with  abnormal  fibro-osseous  connective  tissue.  These  tumors  show  areas  of
radiolucency and radiopacity as they progress [17 - 19]. Despite being benign in their biological behavior, these tumors
can  become  large,  especially  in  the  posterior  maxilla,  and  displace  dentition  if  they  are  not  diagnosed  in  a  timely
manner and treated appropriately [20].

Malignant transformation of fibro-osseous lesions into osteosarcoma in the craniofacial area is uncommon. Only a
few cases have been reported in the literature [21 - 23]. However, to our knowledge malignant transformation of OF has
not previously been reported in the literature. Here we present the first case of POSJ with high-grade component by
possible  transformation  from  OF.  In  addition,  we  performed  a  literature  review  regarding  POSJ  and  malignant
transformation  of  OF.

2. MATERIALS AND METHODS

A report of one case of parosteal osteosarcoma of the maxilla is presented. Approval was given by the relevant
authorities to review the patient’s medical and radiological records. Patient consent was also received. The Department
of Pathology at the patient’s country of birth confirmed the diagnosis ossifying fibroma, although no histopathological
material had been kept.

We performed a PubMed search of the literature in English up to and including December 2017, using key areas of
focus. We included case reports, case series, and literature reviews. Animal and experimental studies were excluded.
The  search  strategy  included  the  following  key  words:  “surface/parosteal/juxtacortical  osteosarcoma  of  the  jaw”;
“surface/parosteal/juxtacortical osteosarcoma of the mandible”; “surface/parosteal/juxtacortical osteosarcoma of the
maxilla”;  “surface/parosteal/juxtacortical  osteosarcoma  of  the  head  and  neck”;  “high-grade/surface/parosteal/
juxtacortical  osteosarcoma”;  and  “malignant  transformation  of  fibro-osseous  lesion”.

The search results were initially evaluated based on the availability of a PubMed abstract and the full text of each
article. The titles and abstracts were then evaluated for determination of relevance and to avoid any duplication. The
remaining articles were read in full  text.  Data were analyzed with regard to age,  gender,  location of tumor,  patient
symptoms,  presence  of  metastasis,  cancer  stage,  treatment  type,  and  follow-up  time.  Clinical,  radiological,  and
histological  findings;  treatment  strategies;  and  etiology/pathophysiology  were  also  considered.

3. CASE REPORT

In 2016, a 20-year-old male patient was referred to the Department of Otorhinolaryngology (ENT), Head and Neck
Surgery at Linköping University Hospital, Sweden. The patient’s complaint was a rapidly growing swelling in the right
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side of his face. He had been noticing the swelling over a period of 6 months and the symptoms were associated with
pain and a feeling of tension from the lateral orbit. In 2014, he had undergone surgical removal of part of the right
posterior maxilla at a Department of Oral and Maxillofacial Surgery abroad. A histological record from the Department
of Pathology in the patient’s country of birth confirmed the diagnosis ossifying fibroma. There had been no signs of
malignancy.

Extraoral examination at our department revealed two expansible swellings, one at the lateral border of the right
orbital rim (2 × 2 cm) and the other at the right cheek (4 × 4 cm). Other findings were paresthesia in the area involved
and tenderness on palpation. No regional lymph node involvement was found. Intraorally, swelling involved the right
maxillary tuber with palatal expansion. Adjacent teeth were vital with no mobility, tenderness, or displacement. No
other relevant family or medical history could be found. Hematological and biochemical test results were within normal
range. A biopsy was performed at the right side of the posterior maxilla.

CT-scan  revealed  an  expansile  mass  measuring  40  ×  50  mm  at  the  right  side  of  the  infra-temporal  fossa,
pterygopalatine fossa, and masticatory space (Figs. 1A & B). CT-scan showed a relatively intact cortex with exophytic
growth of tumor mass (Fig. 1B). Magnetic Resonance Imaging (MRI) showed a multi-lobulated mass that involved the
maxillary sinus, and extending superiorly onto the lateral orbital rim. Posterior extension was seen up to the pterygoid
plates  and  medial  extension  to  the  lateral  wall  of  the  posterior  maxilla  (Figs.  1C  &  D).  CT-scan  of  the  chest  was
performed and metastasis was ruled out.

Fig. (1). A-D. Preoperative CT-scan and MRI. CT-scan (panels A and B) and MRI (C and D); coronal and axial sections of the
midface with osteosarcoma.

Microscopic  study  of  the  biopsied  specimen  from  posterior  maxilla  revealed  a  non-epithelial  malignant  tumor
associated with neoplastic bone and osteoid. The patient then underwent surgical removal of the tumor by extraoral
incision. The zygomatic arch was removed temporarily to gain access to deeper parts of the midface (Figs.  2A-C).
Unfortunately, it was difficult to achieve a clear margin due to tumor expansion within the inferior orbit and deep parts
of fossa pterygopalatina.
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Fig. (2). A. Clinical photo showing swelling of the midface. B. Surgical resection of osteosarcoma by external flap and removal of
zygomatic complex. C. Tumor removed at the right posterior maxilla.

Macroscopic appearance of the tumor samples was characterized by two components: well-demarcated sarcomatous
solid lesion (Fig. 3A) and exophytic bone fragments (Fig. 3B).

Fig. (3). A. Macroscopic view of sarcomatous solid lesion. B. A lupe view of the histological section of the exophytic bone growth.

Final histological analysis showed malignant tumor with heterogeneous morphology and three distinctly different
components:  (1)  a  fibrous  component  with  moderate  cellularity  and atypical  cells  (Fig.  4A);  (2)  a  component  with
varying enchondral ossification with cartilaginous tissue (Fig. 4B). The chondrocytes were irregularly arranged and
showed  some  pleomorphism  and  binucleation.  Low-power  magnification  showing  the  typical,  well-differentiated
irregular woven boney trabeculae, focally arranged in parallel arrays in a background of spindle cell stroma (streamer
pattern) (Fig. 4C); (3) a high-grade malignant component with pleomorphic spindle cell sarcomatous/malignant fibrous
tissue that produced malignant woven bone with growth infiltratively into the bone trabeculae (Fig. 4D). Furthermore,
the number of mitotic figures revealed 12 per 10 High-Power Fields (HPF). The presence of high-grade component
warranted the diagnosis of dedifferentiated parosteal osteosarcoma.

Immunohistochemical analysis was performed on 4 mm thick formalin-fixed, paraffin-embedded tissue sections and
the  evaluation  was  performed  on  stromal  spindle  cells.  The  tumor  cells  were  immunohistochemically  positive  for
MDM2 and CDK4 (Figs. 4E & F).

The patient was subjected to further chemotherapy treatment due to lack of clear margin and residual tumor. Four
courses of chemotherapy regimens comprising cisplatin/doxorubicin in combination with iphosphamide/etoposide were
administered. The patient underwent MRI examination one month after the final course of chemotherapy. MRI showed
residual tumor at the posterior maxilla, extending to space around the condyle (Figs. 5A & B). Two months later, the
patient received palliative radiotherapy. His symptoms improved during the 6 months after radiotherapy, with only a
slight swelling at the right side of his face. However, by the time of the 2.5-year follow-up, the patient had already died.
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Fig. (4). Histological and immunohistochemical images. A. Histological image of fibrous component with moderate cellularity and
atypical cells. B. Histological image showing enchondral ossification with cartilaginous tissue. C. Histological image of typical,
well-differentiated irregular-woven boney trabeculae,  focally  arranged in  parallel  arrays  in  a  background of  spindle  cell  stroma
(streamer pattern). D. Histological image of high-grade component with spindle cell sarcomatous fibrous tissue with mitotic nuclei.
The sarcomatous tissue has grown infiltratively into the bone trabeculae. E and F. Immunohistochemical staining for MDM2 (E) and
CDK4 (F) showing positive nuclear staining.

Fig. (5). A and B. MRI, one month after chemotherapy, showed residual tumor at the posterior maxilla, extending to space around
the condyle.
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4. RESULTS OF LITERATURE REVIEW

The initial search of Medline yielded a total of 75 articles. After a second screening, 19 articles met the inclusion
criteria of the study. The remaining 56 articles were excluded because they did not address the key areas listed above.
Of the 18 articles selected, there were two case series and 16 case reports. The demographic data on age, site, presenting
features, management, follow-up, and malignant transformation are presented in Table 1.

Table 1. Cases of parosteal osteosarcoma of the jaw. Demographic data, clinical outcome, and treatment outcome.

Studies Number
of Cases

Sites Age
(years)

Sex Stage
AJCC

Symptoms Distance
Metastasis

Follow-up
Time (Years)

Treatment Outcome

Without Primary Diagnosis
Roca et al. 1970 2 1 MN 63 M IIB Painless swelling No 6 years S LR

1 MX 17 F IA Painless swelling No 9 years S DF
Solomon et al.

1975
1 MN 38 M IIB Painless swelling No 6 months S DF

Newland et al.
1977

1 MX 25 M IIB Painless swelling No Unknown S DF

Regezi et al. 1987 2 MX 13 F Painless swelling No 5 years S DF
MX 68 M Painless swelling No 5 years S LR

Strunk et al. 1990 1 Mastoid
bone

27 M IIB Painless swelling,
drainage from ear

No 14 months S DF

Oda et al. 1996 1 MX 39 M IA Swelling and pain No 21 months S DF
Bianchi et al. 1997 1 MX 47 F IA Painless swelling No 6 years S DF

Donaldson et al.
2004

1 MN 8 M IA Swelling and nasal
congestion

No 3.5 years S DF

Isokane et al. 2005 1 MX 17 F III Painless swelling Pulmonary Unknown CT Died
Hewitt et al. 2007 1 MX 32 M IA Painless swelling No 3 years S DF
Chakravarti et al.

2015
1 MN 35 F IIB Swelling and pain No 4 years S DF

Simon et al. 2011 1 MN 54 F IA Painless swelling No 16 months S DF
Vaidya et al. 2011 1 MN 43 F IIB Swelling and pain No 1 year S DF
Puranik et al. 2014 1 MX 22 F IB Painless swelling No 1.5 years S DF

With Primary Diagnosis
Huang et al. 2010 * 1 MX 33 M IA Painless swelling No 7 years S, CT DF

Demicco et.al.
2010

1 MN 66 F IA swelling No 57 months S DF

Argon et al. 2015 * 1 MN 26 F IA Painless swelling No Unknown S DF
Lee et al. 2015 ** 1 MN 45 M IA Swelling and pain No Unknown S DF
Abtahi et al. 2018

***
1 MX 20 M IA Swelling and pain No 6 months S, CT, RT Died

Summary 21 8 MN
11 MX
1 other

Mean
33.6

11 M
9 F

– – 1 DM Mean
42

– –

AJCC, American Joint Committee on Cancer; F, Female; M, Male; MX, Maxilla; MN, Mandible; S, Surgery; CT, Chemotherapy; RT, Radiotherapy;
LR, Local Recurrence; DF, Disease-free; DM, Distance Metastasis.
* Fibrous dysplasia.
** Cemento-ossifying fibroma.
*** Ossifying fibroma.

5. DISCUSSION

Twenty cases of POSJ have been described in the literature [21, 22, 24 - 38].  Four cases represent the possible
development of this tumor by transformation from a fibro-osseous neoplasm: two cases of fibrous dysplasia, one case of
cemento-ossifying fibroma [21, 22, 37], and the case of OF in the present study.

The connection between fibro-osseous lesions and transformation to malignant tumors has been studied previously
[13, 39, 40]. Histological differentiation of low-grade lesions from reactive processes or benign fibro-osseous lesions
can be difficult. Immunohistochemistry (IHC) plays an important role in the differentiation between various types of
osteosarcoma.  Yoshida  et  al.,  demonstrated  the  usefulness  of  IHC  markers  such  as  Murine  Double-Minute  type  2
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(MDM2) and Cyclin-Dependent Kinase 4 (CDK4) in diagnosis and differentiation of low-grade osteosarcoma from
benign histological mimics [41].

So far, about 100 cases of malignancy in Fibrous Dysplasia (FD) have been reported, where osteosarcoma is the
most common, followed by fibrosarcoma and chondrosarcoma [40]. Sugiura et al., were the first to report (in a case
report  of  one  case)  that  osteosarcoma  is  derived  from  the  spindle  cells  in  FD,  probably  associated  with  a  GNAS
mutation [15]. We are now reporting a case with osteosarcoma in the same region as a previous OF. This finding might
be of importance in the management of patients with OF, concerning their follow-up after surgery. A close follow-up of
these patients might be important in order to identify malignant transformation. Further studies are needed to confirm
this finding. Furthermore, in the case presented, the OF lesion was surgically removed with radical margins. It might
therefore be of importance to investigate further whether malignant transformation is spontaneous or whether it occurs
as a result of surgery.

In this review the maxilla was more commonly affected in 11 cases, whereas the mandible was affected in nine
cases.  Most  patients  presented with painless,  hard swellings in the affected area.  This might delay diagnosis  in the
maxillary region, which may explain the poor prognosis. In this paper we have presented a rare case of occurrence of
osteosarcoma with involvement of the posterior maxilla, orbit floor, and infra-temporal fossa in a 20-year-old man. In
the literature, there have only been two previous cases of POSJ in the midface

[ 42, 43]. One patient with midface POSJ (aged 17 years) died, and the other one (22 years old) was disease-free at
follow-up.

The single most important factor for cure is aggressive surgical resection of POSJ. However, in the maxillofacial
region clear margins may be difficult to achieve, especially in the midface. The role of chemotherapy is still unknown,
just as it is in the treatment of conventional osteosarcoma [44]. In a retrospective study by Latininen et al., 80 patients
with POS were evaluated regarding the prognostic and therapeutic factors over a mean follow-up time of 11.2 years.
Five-year and ten-year survival was 91.8% and 87.8%, respectively. Local recurrence occurred in 14 patients (17.5%);
this was associated with large volume of the tumor. Distant metastases were uncommon and the use of chemotherapy
had  no  effect  on  survival  [44].  However,  Nouri  et  al.,  have  emphasized  the  importance  of  histological  grade  of
malignancy in surface osteosarcomas, concerning treatment and prognosis. They suggested wide resection of low-grade
lesions and a more aggressive surgical approach in high-grade lesions in combination with postoperative chemotherapy
[45]. Previous studies show that high-grade components might develop de-novo from low grade POS in up to 43% of
cases [46]. Development of high-grade components from low-grade tumor has yet not been studied in POSJ. In this
study we present an unusual case of POSJ with high-grade component.

The metastatic rate for POSJ is generally lower than in locations other than the jaws [44]. In a case-series of 15
patients with well-differentiated OSJ no metastasis were reported at 2 year follow-up. Among these, one patient was
diagnosed  with  POSJ  [47].  In  our  study  we  present  a  review  of  21  POSJ,  2  patients  died  and  one  had  pulmonary
metastasis (Table 1). POSJ has a 5-year survival rate of 91.8%, however our patient died after 2.5 years of follow-up.
This might be explained by the difficulty of achieving clear margins in the maxillary region, but also by the presence of
high-grade  component  (Fig.  4D).  Dedifferentiation  of  low-grade  osteosarcomas  into  high-grade  osteosarcomas  has
previously been found in 10-36% of cases [48]. The dedifferentiation can be diagnosed with immunohistochemistry,
and it has been found that finding co-expression of MDM2 and CDK4 in high-grade osteosarcomas has high sensitivity
and specificity to detect high-grade osteosarcomas that have progressed from low-grade lesions [41]. However, high-
grade surface osteosarcomas have not previously been found in the craniofacial region. Thus, to our knowledge we are
presenting the first case of this nature.

CONCLUSION

We have presented an unusual case of POSJ of the midface in a patient with a previous diagnosis of OF in the same
region. To our knowledge, there have been no previous reports of development of POSJ in OF. Furthermore, this is the
first described case of high-grade surface osteosarcoma in the craniofacial region.
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