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Abstract
BACKGROUND
Metastatic adenocarcinoma of the jaw (MAJ) is a rare disease that accounts for 1%-3% of all oral and maxillofacial malignant tumours. Oral and maxillofacial pain may be the first symptom of metastatic spread of an occult primary tumour. Therefore, early identification of oral and maxillofacial pain by dental professionals is critical.

AIM
To explore the clinical and computerized tomography (CT) features of MAJ with oral and maxillofacial pain as the first symptom.

METHODS
The medical records of all patients who were treated in our hospital between January 2006 and February 2020, and diagnosed with MAJ with oral and maxillofacial pain as the first symptom, were reviewed retrospectively. Clinical data were collected on age, sex, medical history, clinical manifestations, site of metastasis, and site of the primary lesion. CT features were analysed in detail, and a radiological classification scheme comprising five types: Osteolytic, osteoblastic, mixed, cystic, and alveolar bone resorption was proposed.

RESULTS
The primary sites of MAJ were the lungs (n = 6), liver (n = 4), kidneys (n = 2), prostate (n = 1), and gastric cardia (n = 1). Five tumours were classified as the osteolytic type, all with a permeative margin (100%, P < 0.05), and three were classified as the mixed type, mostly with a moth-eaten margin (80%, P < 0.05). The cystic (n = 3) and alveolar bone resorption (n = 1) types had geographic margins, and the osteoblastic type (n = 1) had sclerotic margins. Moreover, nine tumours showed periosteal reaction and five showed a localised soft tissue mass, while the occurrence of jaw expansion was relatively rare.

CONCLUSION
MAJ has complex clinical and CT features. Oral and maxillofacial pain may be the first sign of a primary tumour affecting other sites.
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Core Tip: Metastatic adenocarcinoma of the jaw (MAJ) occurs predominantly in middle-aged and elderly men, most commonly in the posterior mandible. To our knowledge, this study is the first to propose cystic and alveolar bone resorption types based on the structure of the jawbone. MAJ is typified by numb chin syndrome, as well as rapidly progressive osteolytic bone destruction with periosteal reaction and a localised soft tissue mass, usually without jaw expansion on computerized tomography. These features may provide a basis for the clinical diagnosis of MAJ.

INTRODUCTION
Metastatic tumours of the oral and maxillofacial region are relatively rare, accounting for only 1%-3% of all oral and maxillofacial malignant tumours[1]. Metastatic adenocarcinoma of the jaw (MAJ) is even less common. Oral and maxillofacial pain may be the first indication of an occult malignancy in 22%-33% of cases[2,3]. Therefore, it is crucial to identify and diagnose jaw metastases early to improve survival. The diagnostic criteria for metastatic tumours[4] are as follows: (1) Both the primary and metastatic lesions must be confirmed by histopathology and ancillary examination; (2) the pathological results of the primary and metastatic lesions must be consistent; (3) when the metastatic lesion is close to the primary lesion, the possibility of direct invasion should be ruled out, i.e., the lesions must be well defined and have tumour-free tissues between them; and (4) there must be no history of a primary tumour at the site of metastasis.
A previous study[5] classified metastases in the extremities or trunk into three categories: Osteolytic, osteoblastic, and mixed. However, the classification of jaw metastases has only briefly been described in a limited number of case reports or series. The jawbone is an irregular bone with a complex anatomical structure. Odontogenic tumours, non-odontogenic tumours, and tumor-like lesions are not only related to the structure of the jawbone, but are also closely related to the teeth. Therefore, unlike metastases in the extremities or trunk, the imaging features of jaw metastases are more complicated. In this study, we retrospectively reviewed 14 cases of MAJ in which oral and maxillofacial pain was the first symptom. Computerized tomography (CT) features were analysed in detail, and a radiological classification scheme comprising five types was proposed: Osteolytic, osteoblastic, mixed, cystic, and alveolar bone resorption. We anticipate that this study will aid in the early identification of primary tumours in MAJ patients.

MATERIALS AND METHODS
[bookmark: OLE_LINK1]The local institutional research ethics board has approved this study (Approval No: NJSH-IRB-V3.0).
The medical records of all patients treated at our hospital between January 2006 and February 2020 were reviewed. The inclusion criteria were a diagnosis of metastasis to the jawbones and a diagnosis of adenocarcinoma based on pathology. Patients who did not meet the inclusion criteria were excluded. Patients with incomplete clinical data and those with undetermined primary lesions were excluded. Finally, fourteen patients were included in this study. 
The following clinical data were collected: Age, sex, lesion location, medical history, primary lesions, and clinical manifestations. The lesion location was classified as anterior or posterior according to the affected tooth. The region extending from the midline to the distal surface of the canine was defined as the anterior region, and the region extending from the mesial surface of the first premolar to the condyle (mandible) or tuberosity (maxilla) was defined as the posterior region[6]. 
The following radiological features were evaluated: Radiological classification, lesion margin, jaw expansion, periosteal reaction, soft tissue mass, and invasion of surrounding structures. Specifically, MAJ was classified into the following five types according to the morphology and sites of bone destruction: (1) Osteolytic type, where the radiodensity of the lesions mainly decreased; (2) osteoblastic type, in which the radiodensity of the lesions mainly increased; (3) mixed type, which had both osteolytic and osteoblastic lesions; (4) cystic type, similar to cysts with homogeneous density; and (5) alveolar bone resorption type, in which bone destruction was confined to the alveolar bone. The surrounding structures included the adjacent teeth, maxillary sinus, and inferior alveolar canal. The lesion margin was classified as having geographic-, sclerotic-, moth-eaten-, or permeative-like changes based on lodwick’s grading system[7,8]. A geographic-like change corresponded to a well-defined focal lesion without a sclerotic rim, and a sclerotic-like change corresponded to obvious sclerosis around the bone destruction area with a relatively well-defined boundary. A moth-eaten-like change corresponded to patchy and speckled destruction with a substantially ill-defined boundary, and a permeative-like change corresponded to radiographically numerous lesions presenting a mutually integrated area of destruction without a clear boundary between the normal tissues. Two attending physicians, who were blinded to the details of the cases, reviewed all imaging data on the same liquid-crystal display monitor. In the event of disagreement, a consensus was reached through consultation with a third chief physician. 
All statistical analyses were performed using IBM SPSS statistics software (version 26.0, IBM Corp, Armonk, NY, United States). Categorical variables are expressed as numbers and constitute ratios. Differences in lesion margins were analysed using the fisher’s exact test. The threshold for significance was set at P < 0.05. 

RESULTS
The clinical data of the 14 patients are summarised in Table 1. Patient ages ranged from 41 to 79 years, with a median of 63 years. The male to female ratio was 2.5: 1. The main site of metastasis was the mandible in 12 cases (12/14) and the maxilla in one case (1/14). One case (1/14) involved both the mandible and the maxilla. One case (1/14) involved the anterior part, 12 cases (12/14) involved the posterior part, and one (1/14) involved the entire mandible. Of the 14 cases, three were on the right side and 11 were on the left side. The primary tumours were located in the lung (6/14), liver (4/14), kidney (2/14), gastric cardia (1/14), and prostate (1/14). Four patients (4/14) had a known tumour history, and the remaining ten (10/14) had jaw metastases as the first indication of an occult malignancy. The most common symptom was numbness of the lower lip, tongue, or chin, which was present in 11 patients (11/14). Seven patients (7/14) experienced maxillofacial pain. 
The 14 patients with MAJ were grouped into five types according to the radiological classification scheme, and the typical images of each type are shown in Figures 1 and 2. The most common types were osteolytic (5/14) and mixed-type (4/14) lesions. The lesion margin in the osteolytic type had mostly permeative-like changes, which were significantly more numerous than in the other four radiological types (fisher’s exact test, P = 0.0005), showing extensive osteolytic cavities fused to each other without a clear boundary between normal tissues. The lesion margin in the mixed type had mostly moth-eaten-like changes (3/4), which were significantly more numerous than in the other four radiological types (fisher’s exact test, P = 0.011), showing generalised mixed density lesions with continuous or discontinuous cortical bone. The cystic, alveolar bone resorption, and osteoblastic types accounted for 3/14, 1/14, and   1/14 of the cases, respectively. 
Figure 3 summarises the relationship between radiological type and lesion margin. Only three cases (3/14) exhibited jaw expansion, which is in agreement with a recent study indicating a low incidence of bone expansion[9]. However, in contrast to previous studies[9-11], periosteal reaction was relatively more common, and was seen in 9 of 14 cases. Soft tissue masses were formed in five cases (5/14). All of the masses were localised and did not exceed 3.5 cm in diameter. Regarding invasion of the surrounding structures, root resorption occurred in five cases (5/14), and tooth displacement occurred in three cases (3/14). Ten patients (10/14) displayed resorption of the inferior alveolar canal wall, and one patient (1/14) with MAJ in the maxilla had unilateral maxillary sinusitis. Notably, one patient in this study experienced pain and numbness in the mandibular region four months after tooth extraction. Considerable osteolytic bone destruction was observed on cone beam CT (CBCT), and subsequently, primary liver cancer and systemic metastases were detected by positron emission tomography/CT (PET/CT) (Figure 4).

DISCUSSION
Clinical characteristics of MAJ 
Most oral and maxillofacial metastatic tumours appear to be of epithelial origin. Histologically, adenocarcinoma shows the highest rate of metastasis; therefore, it was selected as the research object for the present study. In our study, MAJ mainly occurred in patients aged 52-70 years (median: 63 years), predominantly in the mandible. This is consistent with previous literature[1,12] suggesting that the prevalence of MAJ is highest between the fifth and seventh decades of life. In addition, approximately 85% of the MAJ cases were detected in the posterior area of the mandible[2], as was observed in the current sample. However, the conclusions of published studies[4,13,14] on sex differences are not consistent. Different sex ratios may be related to the region and race of the included patients.
It has been reported[3,15] that in 30% of cases, jaw metastasis is the first indication of an occult malignancy, which usually manifests as pain, swelling, numbness of the lower lip, and unexplained toothache. The most common symptom in the present study was numbness of the lower lip, tongue, or chin, which was present in 11 patients (11/14). Numb chin syndrome (NCS) refers to unilateral hypoesthesia or paraesthesia in the region supplied by the mental nerve or its branches. Since the nerve contains only sensory fibres, no taste or movement disturbances would develop. In previous studies[14,16], NCS was reported in 90% of the patients with mandibular metastasis, which is consistent with our finding.
A 59-year-old woman presented with recurrent pain from a lower right wisdom tooth as the main complaint. She denied a history of any special disease, including infectious diseases, such as hepatitis. Physical examination revealed swelling of the gingiva surrounding the wisdom tooth with slight mobility, and panoramic radiography showed periodontal bone loss around the involved tooth. The initial diagnosis was periodontal-endodontic lesion. Therefore, a tooth extraction was performed. At the two-month follow-up visit, the extraction wound had not completely healed, and there was no pain relief. However, for her own reasons, the patient refused to return for examination, visited a local dental clinic, and asked for the removal of the right mandibular first molar. Four months later, she revisited our hospital, complaining of a non-healing extraction socket and progressive numbness of the chin. CBCT revealed an extensive lytic lesion with a permeative margin, which involved the inferior alveolar canal, resulting in resorption of the wall; therefore, a more aggressive process was suspected. Biopsy of the lesion was performed, and pathological examination revealed metastatic adenocarcinoma. PET/CT scans were then performed to screen the entire body for a primary lesion, which revealed an asymptomatic liver as the primary site with metastases to multiple bones, including the right mandible. A review of the literature[17]revealed that in many painful cases, tooth extraction leads to the detection of jaw metastasis, and tender granulation tissue filling the extraction socket is the most common symptom. Therefore, care must be taken to avoid extraction of the involved teeth because accelerated production of inflammatory factors due to dental extraction can promote proliferation, invasion, and metastasis of tumour cells[3,18]. 
In our study, the primary lesions were mainly located in the lungs (5/14), liver (4/14), and kidneys (3/14). The proportion of primary lesions has varied in different studies. The most common primary tumours are in the breast, lung, kidney, and prostate in western countries[12,14], while thyroid, liver, and stomach tumours are more commonly encountered in China[19,20]. This pattern may be determined in part by the prevalence of primary tumours, as the incidences of lung and liver cancer in China are higher than the world averages[21]. However, some researchers believe that the frequency of MAJ is not always related to the incidences of primary tumours, but is instead associated with the biological behaviour and affinity of oral tissues for primary tumours, rather than with their incidences[1]. For instance, the proportions of breast, prostate, pancreatic, and stomach cancers in patients with MAJ are lower than those of all malignancies, while the proportions of lung and liver cancers are significantly higher[18].

Imaging classification associated with bone invasion of MAJ
Previous studies[1,5,22] have classified CT findings of metastases in the extremities or trunk into three categories: Osteolytic, osteoblastic, and mixed. However, we found that four cases in our series were not consistent with any of the above three types.
[bookmark: _Hlk97282584]Three cases presented with homogeneous density and geographic margins, similar to those observed in cysts. Among them, in two cases, lesions in the mandibular molar area originated from the kidney (Figure 2B and C), and in one case, the lesion in the anterior maxillary area originated from the gastric cardia (Figures 1E and 2A). Some studies[23,24] have reported that jaw metastases are the most frequently reported malignant lesions mimicking endodontic periapical pathologies. Therefore, this particular type, which was different from the osteolytic, osteoblastic, and mixed types, was placed into a separate category and named the “cystic” type. Additionally, the spiral-CT (SCT) bone window of another patient with lung cancer showed a saucer-like defect confined to the alveolar bone, and the margin of the lesion showed a geographic-like change, with a small soft tissue on the lingual side (Figure 1F). This form of destruction has never been reported before, so we have introduced a novel type and named it “alveolar bone resorption type” to generalise this rare presentation of MAJ. A cystic type and an alveolar bone resorption type have never been reported in metastases to the extremities and the trunk, therefore we question if there could be a relationship between these two types and the structure of the jawbone and teeth.
There was a correlation between radiological classification and primary lesions. In our study, there were five cases of the osteolytic type, including three cases of lung cancer and two cases of liver cancer. Moreover, the MAJ originating from prostate cancer presents as an osteoblastic type. These results are consistent with those of previous studies showing that osteolytic lesions are more common in lung and liver cancers, whereas osteoblastic lesions are more common in prostate cancer patients[1]. This is because the primary lesions in the lung and liver indicate more active osteoclasts and degradation of the bone collagen matrix. However, the sites of metastasis of prostate lesions are rich in growth factors, showing greater osteoblastic activity, which is observed in 70.9% of cases[1,4,12]. Previous studies[7,25] have suggested that the growth rate of lesions can be predicted according to different forms of marginal changes: Moth-eaten- and permeative-like changes, accounting for 8/14 in our study, are usually potential markers of increased biological activity. This suggests that in most cases, MAJ lesions progressed rapidly. 
Due to variable clinical and imaging features, MAJ should be distinguished from secondary lesions, predominantly oral cancers, and primary tumours such as osteosarcoma and primary intraosseous squamous cell carcinoma (PIOSCC). As the most common primary malignant bone tumour, a previous study[26] showed that the mean mass size in osteosarcoma is approximately 5.6 ± 1.8 cm; this may be distinguished from a localized soft tissue mass in MAJ. In addition, it has been reported that matrix mineralization is observed in almost all patients with osteosarcoma, which is relatively rare in MAJ[26]. PIOSCC generally occurs in men with a median age of 57 years and locates in the posterior area of the mandible[27]. Its clinical symptoms-pain, swelling, and paraesthesia of the lower lip-are similar to those of MAJ, with the difference being that in PIOSCC, a mixed-density lesion and periosteal reaction tend to be minimal or absent, whereas a higher incidence of periosteal reaction in MAJ was shown in the current study[28]. Moreover, MAJ needs to be differentiated from carcinomas originating in the oral cavity, especially the gingiva and floor of the mouth. CT features of the latter often include soft tissue and adjacent bone involvement. The alveolar bone resorption type in MAJ should be distinguished from gingival carcinoma, which often presents with cauliflower-like masses. Furthermore, when middle-aged and elderly patients complain of toothache, attention should be paid to distinguish MAJ from simple endodontic, periapical, or periodontal lesions. To date, few studies have focused on the diversity of imaging features, and no studies have classified the CT findings of MAJ.
In summary, as a rare clinical entity, MAJ has variable radiological presentations. Five types were proposed in this study: Osteolytic, osteoblastic, mixed, cystic, and alveolar bone resorption. 

CONCLUSION
[bookmark: OLE_LINK3]Oral and maxillofacial pain may be the first sign of metastatic spread of an occult primary tumour. This study suggests that when middle-aged and elderly patients present with NCS, and CT images reveal rapidly progressive osteolytic bone destruction with moth-eaten and permeative margins, clinicians should be aware of the possibility of MAJ and attempt to and identify the primary lesion early in order to improve survival.

ARTICLE HIGHLIGHTS
Research background
Metastatic adenocarcinoma of the jaw (MAJ) is a rare disease that accounts for 1%-3% of all oral and maxillofacial malignant tumours. To date, few studies have focused on the diversity of imaging features, and no study has classified the computed tomography (CT) findings of MAJ.

Research motivation
Oral and maxillofacial pain may be the first symptom of metastatic spread of an occult primary tumour. Therefore, early identification of oral and maxillofacial pain by dental professionals is important.

Research objectives
To explore the clinical and CT features of MAJ with oral and maxillofacial pain as the first symptom.

Research methods
Fourteen cases of MAJ from 2006 to 2020 in our hospital were collected, and clinical and the CT features were analysed retrospectively. 

Research results
MAJ occurs predominantly in middle-aged and elderly men, with the most common site being the posterior mandible. MAJ is marked by numb chin syndrome (NCS), as well as rapidly progressive osteolytic bone destruction with periosteal reaction and a localised soft tissue mass, usually without jaw expansion on CT.

Research conclusions
MAJ has complex clinical and CT features. Oral and maxillofacial pain may be the first sign of a primary tumour affecting other sites. When middle-aged and elderly patients present with NCS, and CT images reveal rapidly progressive osteolytic bone destruction with moth-eaten and permeative margins, clinicians should be aware of the possibility of MAJ and attempt to identify the primary lesion early to improve survival. 

Research perspectives
Further studies with larger sample sizes are required to confirm our results.
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Figure Legends
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Figure 1 Five types of metastatic adenocarcinoma of the jaw. A: Osteolytic type. Axial spiral-computed tomography (SCT) with bone window showed decreased radiodensity of the lesion (arrow) with a permeative margin. The multi-layered periosteal reaction was observed on the buccal and lingual sides of the left mandibular ramus; B: Osteolytic type. Axial SCT with soft-tissue window showed a confined soft tissue mass (arrow) at the lingual side of the left mandibular ramus; C: Osteoblastic type. Axial SCT with bone window showed increased radiodensity of the lesion (arrow) with a sclerotic margin; D: Mixed type. Oblique sagittal cone beam CT showed both osteolytic and osteoblastic lesions (arrow) with a moth-eaten margin, and an “ivory” pattern of osseous tumour matrix was centred in the left mandibular at the location of mental foramen; E: Cystic type. Partial panorama reconstruction radiograph showed homogeneous radiodensity of the lesion (arrow) in the anterior part of the maxilla with a geographic margin. Teeth displacement and root resorption were observed; F: Alveolar bone resorption type. Axial SCT with bone window showed bone destruction was confined to the alveolar bone with a geographic margin. A soft tissue component was at the buccal side.
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[bookmark: OLE_LINK4]Figure 2 Three cases of the cystic type of metastatic adenocarcinoma of the jaw. A: Coronal cone beam computed tomography (CBCT), is the same case as in Figure 1E; B: Oblique sagittal spiral-CT; C: CBCT revealed homogeneous radiodensity of the lesions (arrow) with geographic margins. 
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Figure 3 Radiological classifications and lesion margins in 14 patients with metastatic adenocarcinoma of the jaw.
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[bookmark: OLE_LINK2]Figure 4 A patient with metastatic adenocarcinoma of the jaw of primary liver cancer. A: Intraoral image before tooth extraction showed swelling of the gingival surrounding the wisdom tooth (arrow); B: Panorama radiograph before tooth extraction showed periodontal bone loss around the involved tooth (arrow); C: At a two-month follow-up visit, the extraction wound did not heal completely; D: Four months after tooth extraction, oblique sagittal cone beam computed tomography (CT) showed lesion (arrow) turned bulky with a permeative margin. The wall of the inferior alveolar nerve was invisible; E: Immunohistochemistry for the expression of CK8/18 revealed uniform positivity in the cytoplasm of tumour cells (Magnification: 100 ×); F: Immunohistochemistry for the expression of Ki-67 revealed scattered positivity in more than 65% of the tumour cells (Magnification: 100 ×); G: Positron emission tomography-CT scans showed asymptomatic hepatocellular carcinoma as the primary site and multiple metastases mainly involving the right mandible, spine, and bilateral pelvic bone (arrows).

Table 1 Clinical data of the patients
	Case
	Sex
	Age (year)
	History
	Location
	Primary site
	Clinical signs

	1
	M
	41
	3 yr after surgery
	Mandible, posterior
	Kidney
	Mandible swelling, facial swelling, numbness

	2
	M
	45
	6 mo after RT
	Mandible, posterior
	Liver
	Facial swelling, numbness, tenderness, limited mouth opening

	3
	M
	53
	None
	Mandible, posterior
	Kidney
	Facial swelling, numbness, tenderness

	4
	F
	57
	None
	Mandible, posterior
	Lung
	Facial swelling, tenderness, limited mouth opening

	5
	M
	59
	6 mo after tooth extraction
	Mandible, posterior
	Lung
	Facial swelling

	6
	F
	59
	4 mo after tooth extraction
	Mandible, posterior
	Liver
	Facial swelling, numbness, toothache

	7
	M
	61
	4 yr after RT
	Maxilla, anterior
	Gastric cardia
	Maxilla swelling, loose tooth

	8
	M
	65
	None
	Mandible, posterior
	Liver
	Facial swelling, numbness, tenderness, toothache, loose tooth

	9
	F
	66
	None
	Maxilla, posterior;
Mandible, posterior
	Liver
	Mandible swelling, numbness, tenderness,

	10
	F
	67
	None
	Mandible, posterior
	Lung
	Numbness, toothache

	11
	M
	72
	None
	Mandible, posterior
	Lung
	Painless mass

	12
	M
	73
	6 mo after surgery
	Mandible, posterior
	Lung
	Mass, tenderness, numbness

	13
	M
	75
	None
	Mandible, posterior
	Lung
	Facial swelling, tenderness, numbness

	14
	M
	79
	None
	Mandible, anterior and  posterior
	Prostate
	Facial swelling, tenderness, numbness


M: Male; F: Female; RT: Radiotherapy.
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