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Abstract
Primary intraosseous carcinoma not otherwise specified (PIOC NOS) is a rare tumor assumed to arise from the epithelium, 
such as odontogenic cysts or benign tumors. Its clinical and imaging diagnoses are often challenging, especially in the early 
stages, as it mimics jaw cysts and benign tumors, and no specific findings have been identified. This report presents the 
case of a 66-year-old male patient with mandibular PIOC, highlighting the imaging findings over time. Magnetic resonance 
imaging (MRI) before symptom onset showed a cystic lesion in the right mandible with a soft tissue component. Both the 
fluid component and soft tissue exhibited low apparent diffusion coefficient values (1.0 ×  10–3  mm2/s and 1.3 ×  10–3  mm2/s, 
respectively). Subsequent MRI approximately 5 months later during symptom onset showed a slight increase in the soft tissue 
component. Based on the clinical and imaging findings, ameloblastoma was suspected, prompting a biopsy for confirmation. 
However, the histopathological findings showed squamous cell carcinoma (SCC). MRI performed approximately 1 month 
later exhibited significant tumor growth and extension beyond the jawbone, consistent with a malignant tumor. Histopatho-
logical examination identified areas with a basal layer in a palisading arrangement, indicating a pre-existing odontogenic 
cyst, and showed a transition from epithelial dysplasia to SCC. In addition, carcinoma cell invasion and proliferation into 
the cyst were observed. Based on these findings, PIOC of the right mandible was determined to be the definitive diagnosis.
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Introduction

Primary intraosseous carcinoma not otherwise specified 
(PIOC NOS) is a rare malignant tumor, accounting for 
1–2% of all oral cancers [1, 2]. The 2022 World Health 
Organization (WHO) classification defines PIOC as a cen-
tral jaw carcinoma that cannot be categorized as any other 
type of carcinoma and derives from odontogenic cyst, rests 
of odontogenic epithelium, the reduced enamel epithelium 
surrounding impacted teeth, or other benign precursors [3]. 
Diagnosing PIOC, particularly in the early stages, poses a 
significant challenge because clinical and imaging findings 
often mimic those of jawbone cysts and benign odontogenic 
tumors such as residual/radicular cysts, dentigerous cysts, 
odontogenic keratocysts, and ameloblastomas. Therefore, 
they are often identified by histopathology and, in some 
cases, have already infiltrated a large area by the time they 
are diagnosed [1, 4–8]. This report presents a longitudinal 
review of imaging findings from a case of mandibular PIOC, 
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highlighting the changes in the lesion before symptom onset, 
after symptom onset, and after biopsy.

Case report

A 66-year-old male patient presented to a local dentist in 
February 2023 with right-sided mandibular pain, oral ves-
tibule swelling, and gingival sulcus effusion upon finger 
pressure. Panoramic radiography showed radiolucency in 
the mandible, prompting referral to the Oral Surgery Depart-
ment of a general hospital for further evaluation. Based on 
the clinical findings of normal mucosa, imaging findings 
of cone-beam computed tomography (CBCT) and magnetic 
resonance imaging (MRI), ameloblastoma was suspected. 
On March 11, 2023, the patient underwent fenestration with 
mandibular anterior teeth extraction and biopsy, and was 
histopathologically diagnosed with squamous cell carcinoma 
(SCC). Based on these findings, the patient was referred to 
the Oral Surgery Department of our university hospital on 
March 20, 2023. Extraoral examination presented swelling, 
redness, and tenderness in the right submandibular region. 
No paresthesia was present in the lower lip or the submental 
region. No swelling, tenderness, or adhesion was noted in the 
submandibular lymph nodes, and the patient exhibited maxi-
mal mouth opening of approximately three fingerbreadths. 
Intraoral examination presented gauze contamination on 
the fenestration site and a mild bulge in the buccal cortical 
bone. Several teeth in the right mandible were missing, and 
according to the patient, one of them had been extracted 
more than 20 years ago due to a cyst. The patient’s medical 
history included hypertension and a previous lipoma exci-
sion surgery in the right posterior neck in November 2022.

The detailed imaging findings over time are as fol-
lows: The chronological timeline of the image acquisition 
is shown in Fig. 1. With the patient’s history of removal 
of lipoma in the right posterior neck, MR images from 
that time acquired at one general hospital on October 17, 
2022, were obtained, showing a portion of the current 
lesion (Fig. 2). A single cystic lesion extending from the 

anterior mandibular region to the right premolar region was 
observed, which had a slightly higher signal intensity than 
the muscle on T1-weighted images (T1-WI). T2-weighted 
images (T2-WI) showed an overall high signal intensity with 
interspersed heterogeneous low-signal areas. Gadolinium-
enhanced T1-weighted images (Gd T1-WI) showed areas 
within the lesion suggestive of soft tissue and fluid compo-
nents. The apparent diffusion coefficient (ADC) values were 
approximately 1.0 ×  10–3  mm2/s for the fluid component and 
1.3 ×  10–3  mm2/s in the vicinity of the soft tissue component.

Figure 3 presents the images obtained at the referred 
general hospital on March 1, 2023. Panoramic radiography 
exhibited a unifocal radiolucency extending from the ante-
rior mandibular region to the right premolar region (Fig. 3a). 
The lesion overlapped with the root apex of the anterior 
mandibular teeth and was partially close to the alveolar apex. 
Its lower portion was located near the inferior margin of the 
mandible. CBCT showed mild expansion, thinning, and loss 
of buccolingual cortical bone due to the lesion (Fig. 3b). The 
mandibular canal was compressed to the buccal side. Mild 
osteosclerosis was observed around the lesion. MRI showed 
a slight increase in soft tissue components within the cystic 
lesion (Fig. 3c). Diffusion-weighted imaging was not per-
formed. Given these findings, ameloblastoma was suspected, 
prompting the performance of fenestration with mandibular 
anterior teeth extraction and biopsy on March 11, 2023. Fig-
ure 4 shows histopathological images of the biopsy, which 
consists of dense and loose fibrous connective tissues and 
inflamed granulation tissue with moderate infiltration of 
lympho-plasmacytes, multinucleated giant cells associated 
with cholesterol clefts, and foamy macrophages partially 
lined by squamous epithelium (Fig. 4a). Histopathological 
findings showed a transition from the epithelial dysplastic 
changes such as multilayered basaloid cells to a proliferation 
of atypical squamous cells in the irregular- and bulky-elon-
gated rete ridges, indicating SCC (Fig. 4b), and an invasive 
growth of SCC cells into the sub-epithelial layer (Fig. 4c). 
The lesion was histopathologically diagnosed as an SCC.

Figure 5 shows the images obtained at our university hos-
pital between March 29 and 31, 2023. The soft tissue was 

Fig. 1  The chronological timeline of image acquisition. MRI magnetic resonance imaging, CBCT cone-beam computed tomography, CT com-
puted tomography, PET positron emission tomography
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rapidly enlarged, spreading outward from the lingual side of 
the jawbone to the submandibular and skin surfaces, and par-
tial necrosis was observed. The time–signal intensity curve 
demonstrated rapid enhancement with a low washout curve. 
ADC values within the soft tissue compartment and near the 
fluid compartment were approximately 1.0 ×  10–3  mm2/s and 
0.8 ×  10–3  mm2/s, respectively. The maximum standardized 
uptake value of F-18 fluorodeoxyglucose positron emission 
tomography/computed tomography was 31.3. The imag-
ing diagnosis was a malignant tumor on the right side of the 
mandible (T4aN0M0). In April 2023, the patient underwent a 
right segmental mandibulectomy with right modified radical 
neck dissection and left selective neck dissection. The right 
mandible was reconstructed using a plate and an anterolateral 
thigh flap. Figure 6 shows the histopathological images of the 
excised specimens. Certain areas in the epithelium showed 
characteristic basal cells, which were palisaded, ranged from 
cuboidal to columnar, and partially showed reverse nuclear 
polarity, suggesting pre-existing odontogenic cystic epithelium 
(Fig. 6a, b(A)). A transition from epithelial dysplasia to SCC 
(carcinoma in situ) (Fig. 6a, b(B)) and tumor cell invasion 
and proliferation into the cystic wall were observed (Fig. 6a, 

b(C, D). No lymph node metastasis was observed. The defini-
tive diagnosis was a PIOC arising from a cyst in the right 
mandible.

Discussion

According to the 2022 WHO classification, PIOC is 
defined as a central jaw carcinoma that cannot be catego-
rized as any other type of carcinoma and derives from 
odontogenic cyst, rests of odontogenic epithelium, the 
reduced enamel epithelium surrounding impacted teeth, 
or other benign precursors. An intraosseous origin must 
be established for the diagnosis, excluding extension of 
gingival or alveolar SCC or antral carcinoma into the jaws. 
Metastases must be excluded [3]. In this case, PIOC was 
definitively diagnosed based on histopathological findings 
of a basal layer with cell palisading arrangement sugges-
tive of a pre-existing odontogenic cyst, and a transition 
from epithelial dysplasia to SCC. PIOCs are often dif-
ficult to diagnose based on clinical and imaging findings, 
especially in their early stages, because they mimic jaw-
bone cysts and benign odontogenic tumors [4–8]. In this 

Fig. 2  MRI performed on October 17, 2022, showing a cystic lesion 
in the right mandible. T1-WI showed slightly higher signal inten-
sity than the muscle. T2-WI showed an overall higher signal inten-
sity with interspersed low-signal areas. Gd T1-WI showed a soft 

tissue-like component within a slightly higher signal fluid component 
(arrowheads). ADC values were approximately 1.0 ×  10–3  mm2/s for 
the fluid component (arrow) and 1.3 ×  10–3 mm.2/s in the vicinity of 
the soft tissue component (arrowhead)
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study, the mandibular PIOC was retrospectively evaluated 
over time using 3 dimensional (3D) images acquired at 
three different time points (Fig. 1). Although images were 
obtained at different institutions, to our knowledge, there 
are no reports on changes in PIOC over time with 3D 
imaging modalities such as CT or MRI.

The first images of this case were incidentally obtained 
prior to symptom onset (Fig. 2). MRI T1-WI showed a 
slightly higher signal intensity than the muscle; T2-WI 
showed low-signal areas within the high-signal regions, 
and Gd T1-WI showed a slightly higher signal intensity in 
areas suspected to be the fluid component. These findings 
indicate that the fluid component may have been present for 
a long period and concentrated; it could be a highly viscous 

matrix containing proteins or other substances, or it could 
also contain necrotic cells or keratinization within the fluid 
component. Retrospectively observed, Gd T1-WI showed an 
area that appeared to be a soft tissue component. Both the 
fluid and soft tissue component areas exhibited lower ADC 
values, approximately 1.0 ×  10–3  mm2/s for the area of the 
fluid component and approximately 1.3 ×  10–3  mm2/s near 
the soft tissue component, which did not appear to be typi-
cal values reported in benign odontogenic tumors such as 
ameloblastoma. According to Sumi et al. [9], the ADC val-
ues of non-enhancing lesions and solid lesions in ameloblas-
tomas were 2.48 ± 0.20 ×  10–3  mm2/s and 1.39 ± 0.16 ×  10–3 
 mm2/s, respectively. Approximately 5 months later, MRI 
performed after symptom onset exhibited slight enlargement 

Fig. 3  Panoramic radiography (a), CBCT (b), and MRI (c) performed 
on March 1, 2023. Panoramic radiography exhibited a unifocal, 
radiolucent lesion in the right mandible. CBCT showed an expan-
sive lesion compressing the mandibular canal toward the buccal side 

(arrowhead) and mild osteosclerosis around the lesion (arrow). MRI 
showed a slight increase in soft tissue components within the cystic 
lesion
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and clarification of the soft tissue component (Fig. 3). The 
fluid component showed a high signal on T2-WI and was not 
contrasted with the Gd T1-WI. Although potential device-
related imaging variations cannot be completely excluded, 
the concentrated fluid component might have leaked out, 
which would explain the observed gingival sulcus effu-
sion, and was replaced by a new fluid component. Images 
obtained at our university hospital approximately 20 days 
after fenestration and biopsy showed significant tumor 
growth and extension beyond the jawbone (Fig. 5), which 
was consistent with malignancy.

Naruse et al. [2] reported that pre-diagnostic interventions 
were significantly associated with poor 2-year relapse-free 
survival and overall survival rates in PIOCs. Conversely, 
patients who did not receive treatment prior to diagnosis 
exhibited no locoregional recurrence. In our case, it is pos-
sible that the intervention of fenestration with teeth extrac-
tion may have caused the rapid growth of the tumor [2, 10]. 
Preoperative diagnosis is ideal, but accurate PIOC diagnosis 
based on imaging and clinical findings can be challenging. 
If something to point out, the ADC values of the soft tis-
sue and fluid components were not consistent with those of 

normal benign tumors in this case. Long-standing chronic 
inflammation has been proposed as the principal predispos-
ing factor for malignant transformation in the epithelial lin-
ing of cysts; however, this cannot be substantiated [11]. In 
this case, CBCT showed slight osteosclerosis around the 
lesion, and the biopsy results showed signs of inflamma-
tion, such as cholesterol clefts and macrophages, but the 
inflammatory findings were similar to those seen in common 
jawbone cysts, such as radicular cysts. Nevertheless, PIOC 
diagnosis and minimal pre-diagnostic interventions should 
be considered in cases where imaging findings are inconsist-
ent with those of benign tumors or when signs are suggestive 
of chronic inflammation.

Residual/radicular cysts are the most common ori-
gin of PIOC (60%), followed by dentigerous cysts and 
odontogenic keratocysts [1]. The patient remembered 
tooth extraction due to a right mandibular cyst more than 
20  years ago, but no confirmatory images or medical 
records were available to prove this. Assuming that the 
cause of the extraction was an odontogenic cyst, the lesion 
most likely originated from a residual/radicular cyst. Based 
on the current findings, careful image evaluation should 

Fig. 4  Histopathological images of biopsy specimens. The solid 
boxes (a, b, and c) are enlarged in the lower panels of images a, b, 
and c, respectively. Certain epithelial areas showed inflammation with 
cholesterol clefts (a: arrow) and foamy macrophages (a: arrowhead). 

A transition from moderate epithelial dysplasia (b: left side of the 
dotted line) to SCC (b: right side of the dotted line) and invasion of 
SCC into the sub-epithelial layer (c) were observed in the lesion
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be performed even in cystic cases in which malignancy 
is not suspected clinically. At a minimum, if changes are 
observed within the cystic cavity, pathological examina-
tion, including biopsy, is recommended.

In conclusion, this report presents the imaging findings of 
PIOC in the mandible over time. In this case, soft tissue was 
found within a cystic lesion in the mandible that gradually 

increased in size. Both the soft tissue and fluid components 
within the lesion showed lower ADC values than those of 
common cysts or benign odontogenic tumors. The soft tis-
sue suggested malignancy, and the fluid component had 
the impression of a liquid that had been present for a long 
period and concentrated. It could be a highly viscous matrix 

Fig. 5  CT (a) acquired on March 29, 2023, and MRI (b) on March 
31, 2023. The lesion was almost entirely occupied by soft tissue, 
spread lingually from the jawbone to the submandibular and skin 
surfaces, and partial necrosis was observed. ADC values within the 

soft tissue compartment (arrowhead) and near the fluid compartment 
(arrow) were approximately 1.0 ×  10–3  mm2/s and 0.8 ×  10–3  mm2/s, 
respectively
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containing proteins or other substances, or it could contain 
necrotic cells or keratinization. Accumulation of the findings 
of changes over time, including imaging findings, in many 
PIOC cases can contribute to providing a correct diagnosis 
and appropriate treatment for PIOC.
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