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Abstract. Primary intraosseous malignant neoplasm of the
mandible is a very rare entity. There are few publications
regarding fluorodeoxyglucose (FDG) positron emission
tomography (PET)/CT for primary intraosseous neoplasms
of the mandible. FDG PET/CT scans from 10 patients with
primary malignant neoplasm of the mandible were retrieved
from the Picture Archiving and Communication System
database, and image findings were analyzed with correlation
to contrast-enhanced diagnostic CT and surgical pathology.
Accuracy of the FDG PET/CT findings was evaluated with
respect to uptake intensity, lesion extension to adjacent soft
tissue, lymph node and distant metastasis. All untreated
primary mandible neoplasms demonstrated high FDG avidity
on PET imaging. Most mandible lesions extended beyond
the bones and involved perimandibular soft tissue. FDG
PET/CT imaging showed improved sensitivity and specificity
compared with that for CT for lymph node staging in 3 cases,
with discordant findings between diagnostic CT and PET/CT.
FDG PET/CT identified 4 distant metastases, which were
not documented prior to PET/CT. The results suggested that
FDG PET/CT was a valuable image modality to demonstrate
all primary and metastatic lesions of primary malignant
neoplasm of the mandible, to define perimandibular soft tissue
involvement, and more accurately stage/restage the disease
than diagnostic CT.

Introduction
Mandibular lesions are classified as odontogenic and non-odon-

togenic based on the cell of origin. A lesion associated with
an impacted tooth frequently indicates an odontogenic origin.
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Non-odontogenic lesions, however, develop from osseous
origin and are not tooth related (1,2).

Most malignant neoplasms of the mandible are secondary
to tumor invasion from the surrounding mucosa of the oral
cavity (3,4). Metastatic disease may involve the mandible. The
most common sites of origin include the kidneys, lungs and
the breasts (3,4). Primary intraosseous malignant neoplasm of
the mandible is a very rare entity and has been hypothesized
to originate from the remnants of odontogenic epithelium and
has no initial connection with the oral mucosa (3.4). For the
diagnosis of primary intraosseous malignant neoplasm of the
mandible, tumor invasion or metastasis to the mandible from
another oral cavity or distant location must be excluded (2,4).

There have only been a small number of reports on
primary mandibular neoplasm in the literature (5-9). There
are few publications regarding fluorodeoxyglucose (FDG)
positron emission tomography (PET)/CT for primary intraos-
seous neoplasms of the mandible (10-12), due to the rarity of
the disease.

The aim of the present study was to evaluate the value of
FDG PET/CT for primary mandibular neoplasm. Therefore,
patients with primary malignant neoplasm of the mandible
were identified from the Picture Archiving and Communication
System database, and FDG PET/CT imaging and all clinical
documents were reviewed.

Materials and methods

Ethics and patients. The present retrospective study was
approved by the Institutional Review board at New Jersey
Medical School, Rutgers University (NJ, USA). Relevant
cases were identified by searching a computerized data-
base containing 6,500 patients with cancer who underwent
PET/CT imaging at the Advanced Imaging Center, Rutgers
New Jersey Medical School (NJ, USA) between January 2010
and June 2020. A total of 10 patients, who had FDG PET/CT
for primary mandible lesions or neoplasms, were selected
for the study based on the following inclusion criteria:
i) Histopathologically confirmed malignant intraosseous
neoplasms of the mandible prior to FDG PET/CT; ii) exclusion
of other neoplasms, especially in the head and neck by medical
history; iii) comprehensive examinations; and iv) laboratory
and image evaluations. A total of 6,490 patients with known
neoplasm at other locations (such as the tonsils, tongue,
larynx, lungs and colorectum), metastatic mandible lesions or
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radiation-induced mandibular necrosis were excluded from the
study.

Prior to FDG PET/CT, 7 patients had diagnostic imaging
using contrast-enhanced neck CT. All eligible subjects had
available histopathological investigations, clinical and image
follow-up data following PET/CT.

FDG PET/CT scan. Combined PET/CT was performed
using a PET/CT scanner (Discovery LS; GE Healthcare) and
the standard techniques. The patients had fasted for at least
6 h prior to examination and their blood glucose level was
<250 mg/dl. The patients received 15 mCi intravenous FDG
administration, immediately followed by oral administration
of 500 ml diluted Gastrografin. Spiral low-dose CT (80 mA,;
140 kV; 4 mm section thickness) was performed with the
cranio-caudal direction covering the areas from the vertex to
the mid-thigh for the purpose of attenuation correction and
anatomic localization, 60 min later. Thereafter, emission scan
was conducted in a reverse direction.

Image analysis. Diagnostic CT images were interpreted
by the radiologists specialized in head and neck imaging.
MIM image software (v6.9.4; MIM Software, Inc.) was used
for PET/CT image display and analysis. The whole-body
maximum-pixel-intensity projection was used for visual
evaluation. Maximum standardized uptake value (SUV,,,)
of the lesions was recorded. All the selected images were
re-interpreted by the investigator for accuracy of previous
dictation reports.

Histopathological and/or cytopathological diagnosis was
inferred from the electronic medical documents, Epic and
Logician.

The performance of FDG PET/CT was evaluated based on
the association of the image findings with histopathological
results, and the sensitivity, specificity and accuracy of FDG
PET/CT were calculated for primary mandible and/or distant
metastatic lesions.

Results

Patient characteristics. A total of 10 patients and 16 scans
were analyzed in the present study (Table I). There were
7 males and 3 females, with a mean age of 69 years (range,
29-82 years). For the first FDG PET/CT scans, 9 patients were
for staging and 1 was for restaging following surgery. A total
of 6 out of 10 patients had follow-up restaging images after the
first scan. The diagnosis of primary intraosseous neoplasms of
the mandible was verified using FDG PET/CT, which excluded
other primary lesions or tumors in all the patients.

All of the 10 patients had histopathological confirmed
primary mandible neoplasms, including 6 squamous cell carci-
noma, 1 diffuse large B-cell lymphoma, 1 adenocarcinoma,
1 plasmacytoma and 1 ameloblastic fibrosarcoma. A total of
6 patients had a primary lesion on the right, with 4 on the left.

FDG PET/CT findings. All the untreated primary mandible
neoplasms demonstrated high FDG avidity on the PET
imaging, with a mean SUV,,,, 14.8+9.3 (range, 7.0-35). Most
mandible lesions extended beyond the bones and involved
perimandibular soft tissue, and 2 invaded the ipsilateral

floor of the month. The results were suggestive of high FDG
avidity and high sensitivity of PET/CT in detection of primary
mandible tumors. Contrast-enhanced diagnostic CT imaging
of the neck in 7 out of 10 patients showed similar bone lesion
as FDG PET; however, PET images could define the involve-
ment of soft tissue compared with that for contrast-enhanced
diagnostic CT. In 7 patients with diagnostic CT prior to FDG
PET/CT, soft tissue involvement or invasion was well docu-
mented on only 1 report (patient 6).

On the integrated CT appearance, all mandible tumors
showed lytic/destructive or mixed lytic/sclerotic lesions.
There was no pure sclerotic or osteoblastic lesion in any of
the patients.

PET/CT for N and M staging. While N staging of the disease is
solely based on the size of lymph nodes from anatomic images,
defined as positive for those >1 cm (2), FDG PET imaging
showed improved sensitivity and specificity compared with
that for contrast-enhanced diagnostic CT for N staging. A total
of 6 out of 10 patients had ipsilateral lymph node metastases
on the initial PET/CT staging scan, and all were verified by
surgical pathology. A total of 7 patients had contrast-enhanced
diagnostic neck CT prior to PET/CT. While diagnostic CT
and FDG PET/CT had similar findings for regional lymphade-
nopathy in 4 out of 7 patients, there were 3 patients with whom
the diagnostic neck CT and FDG PET had discordant find-
ings. For patient 4, the diagnostic neck CT, on the same day
as PET/CT, showed right mandibular lesion and two 1.3 cm
ipsilateral right level IB lymph nodes, suspicious for metas-
tases based on the size criteria. However, there was no FDG
uptake of the lymph nodes on FDG PET/CT (Fig. 1). Surgical
pathology from dissection was negative in both lymph nodes.
However, for patients 6 and 8, the diagnostic CT did not report
lymphadenopathy, but the FDG PET/CT scan revealed a
1.2 cm and 1.1 cm right level II lymph node, with moderate to
intense uptake (SUV, 5.0 and 7.1 respectively), consistent with
nodal metastases, which were confirmed by surgical histo-
pathological examinations (Fig. 2, for patient 8). Therefore, in
these three cases, diagnostic CT was false positive for one case
and false negative for 2 cases, but there was no false positives
or negatives for FDG PET/CT.

None of the 10 patients had image workups for distant
metastasis prior to FDG PET/CT. In 3 out of 10 patients with
the first FDG PET/CT scan, distant metastatic disease was
detected in the spleen, ilium and lung, respectively. Another
patient developed intracranial metastasis on the restaging scan
(Fig. 3, patient 7). Overall, the FDG PET/CT scan identified
4 distant metastases from the 10 patients, which were either
unknown or not documented prior to PET/CT. From the
4 distant metastatic lesions, 2 (lung and brain) were verified by
surgical pathology and another (spleen lesion) was confirmed
by biopsy.

PET/CT for restaging. A total of 6 out of 10 patients had a
2nd FDG PET/CT scan for restaging with or without treatment.
A total of 3 patients, who had surgical resections (2 mandibu-
lectomy and 1 lung segmentectomy), were negative on the
restaging scans, 1 patient had worse disease and new intra-
cranial metastasis after 4-months of chemotherapy, 1 patient
had improvement of the disease extent and FDG uptake after
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Figure 1. A 68-year-old woman with right mandibular squamous cell carcinoma (patient 4). Staging PET/CT showed (A) bone destruction and the preman-
dibular soft tissue involvement and (B) intense FDG uptake. There was a 1.3 cm right level IB node considered as metastasis on the diagnostic CT report.

(C and D) However, there was only minimal uptake of the lymph node on PET (arrows). Surgical pathology of this lymph node was negative for tumor. FDG,
fluorodeoxyglucose; PET, positron emission tomography.

1000

Figure 2. A 77-year-old man with newly diagnosed adenocarcinoma of the right mandible (patient 8). (A and B) Fluorodeoxyglucose PET/CT
showed FDG avid destructive bone lesion with adjacent soft tissue invasion (arrows). The diagnostic CT did not report lymphadenopathy; however,

(C and D) PET/CT showed a 1.1 cm level ITa lymph node with intense uptake (arrows). The neck dissection confirmed metastatic disease. PET, positron
emission tomography.
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Figure 3. A 76-year-old man four months following chemotherapy for diffuse large B-cell lymphoma of the left mandible (patient 7). (A and B) Restaging FDG
PET/CT showed improvement of the primary lesion (arrows), but there was a large (C and D) FDG avid metastatic mass in the left cerebellum (arrows), which
was verified by MRI and surgical pathology. FDG, fluorodeoxyglucose; PET, positron emission tomography.

8-months Keytruda treatment, and 1 had worsening primary
neoplasm and local nodal disease 6 months later without any
treatment.

Overall PET/CT performance. Combining all of the 16 FDG
PET/CT scans from the 10 patients, sensitivity, specificity,
and accuracy for primary mandible and/or distant metastatic
lesions were 100% (13/13), 100% (3/3) and 100% (16/16),
respectively.

For N staging of the initial scans, FDG PET/CT sensitivity,
specificity and accuracy were 100% (5/5), 100% (4/4) and
100% (9/9), compared with that for diagnostic CT, 75% (3/4),
50% (1/2) and 67% (4/6), respectively.

Discussion

A variety of benign and malignant neoplasms may originate
in the mandible. Primary malignant mandibular neoplasm
is very rare, with only a few case reports regarding image
diagnosis in the literature (1-4). In the present study, the most
common malignant tumor of the mandible was squamous
cell carcinoma, consistent with previous studies (13-15).
Primary intraosseous malignant neoplasms affect men more
than women and is more frequent in the 6th and 7th decades
of life (16,17). In the present study, 7 out of 10 patients were
men and 8 out of 10 were >60 years old, with a mean age of
69 years.

The posterior mandible has been the most common site
of tumor occurrence. Image exanimation is often the first
evaluation of the suspected mandibular lesion (1,4). A lesion

that is surrounded by bone can be regarded as of intraos-
seous origin. Radiographical lesions usually show a fully
enclosed, irregular pattern of bone destruction with ill-defined
margin (2). However, image findings are non-specific with
similar appearance in a wide range of pathology. The recom-
mended treatment is radical surgery and neck dissection (2-4).
In general, prognosis is poor (15).

The patient data analyzed in the present study demon-
strated that FDG PET/CT was a valuable image modality for
staging and restaging primary mandibular neoplasm. There
was high FDG avidity of all primary and metastatic lesions.
FDG PET/CT could define perimandibular soft tissue involve-
ment, detect regional lymph node and distant metastases with
100% accuracy. In numerous patients with primary mandibular
lesions, there was hyperemia of the adjacent soft tissue and
muscles, which might demonstrate contrast enhancement on
the diagnostic CT and could not be distinguished from tumor
extension. The uptake intensity of the soft tissue/muscles
adjacent to the mandibular tumor on the PET image could
assist with identifying soft tissue involvement or invasion.
Compared to contrast-enhanced diagnostic CT, FDG PET/CT
also provided superior N staging. There were three patients
with discordant findings between the diagnostic CT and
FDG PET/CT images, and surgical pathology verified that
FDG uptake in these lymph nodes was more liable than the
size criteria for N-staging. It is well-known that FDG PET/CT
plays a valuable role in M-staging due to its whole-body acqui-
sition protocol in oncology (2,10). In the present study, none
of the 10 patients had image workups for distant metastasis
prior to FDG PET/CT, which might be due to scheduled FDG
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PET/CT, as it scans the whole body. On the initial staging,
three patients were found to have distant metastases in the lung,
spleen and ilium respectively, which were all unexpected since
there was no prior imaging for distant metastasis. Additional
intracranial metastasis was detected from the restaging scan
in 1 of these 3 patients. Identification of distant metastases
changed the patient's therapeutic strategy. The results might
suggest that FDG PET/CT was an effective image modality for
surveillance, monitoring therapeutic response and detection of
metastatic disease.

The diagnosis of primary intraosseous cancer of the
mandible requires exclusion of other oral cavity tumors and
different primary neoplasms. The mandibular lesion must be
distinguished from the tumors that metastasize to the jaw from
distant sites, from gingival carcinomas that have invaded the
bone from the surface, and from tumors that originated from
maxillary sinus (1,4). For exclusion of another primary tumors,
whole-body FDG PET/CT may be the best modality to rule out
synchronous lesions or separate primary (18).

Compared to previously published reports regarding
FDG PET/CT for primary malignant intraosseous neoplasms
of the mandible (10-12), the results from the present study
represent the largest number of cases with FDG PET/CT scans
in more varied types of tumor pathology. Published cases
regarding FDG PET/CT in primary malignant mandibular
tumors were all for squamous cell carcinoma. The current
study presented FDG PET/CT image findings in additional
rare primary neoplasms of the mandible: Diffuse large B-cell
lymphoma, adenocarcinoma, plasmacytoma and ameloblastic
fibrosarcoma. FDG PET/CT is well-known for its improved
sensitivity and accuracy in N and M staging than conventional
anatomical image modalities in oncology; however, the current
study clearly demonstrated the value of FDG PET/CT in this
special group of patients, which is similar to other malignant
neoplasms, such as oral cavity cancer, laryngeal cancer,
Iymphoma and lung cancer (19).

A notable limitation of the present study is the small
sample size, due to the rarity of the disease, which made statis-
tical analysis less powerful. In addition, referral and image
selection bias should be considered. Another limitation is the
lack of color fusion PET/CT images for review of the image
examples.

In conclusion, the results of FDG PET/CT images from
10 patients with primary intraosseous malignant neoplasms
showed high FDG avidity in all the primary and metastatic
lesions, improved definition of perimandibular soft tissue
involvement, more accurate regional N-staging and M-staging
than the contrast-enhanced diagnostic CT. In addition,
whole-body FDG PET/CT is a valuable image modality for
exclusion of synchronous lesions or separate primary and
verification of diagnosis of primary intraosseous neoplasm of
the mandible as well.
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