Head and Neck Pathology (2021) 15:608-616
https://doi.org/10.1007/s12105-020-01234-z

REVIEW q

Check for
updates

Primary Intraosseous Squamous Cell Carcinoma Involving the Jaw
Bones: A Systematic Review and Update

Everton Freitas de Morais'© . Leonardo Magalhaes Carlan’ - Hannah Gil de Farias Morais' -
Juliana Campos Pinheiro' ® - Hélder Domiciano Dantas Martins'© - Carlos Augusto Galvao Barboza'
Roseana de Almeida Freitas’

Received: 23 August 2020 / Accepted: 6 October 2020 / Published online: 12 October 2020
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract

Primary intraosseous oral squamous cell carcinoma (PIOSCC) is a rare malignant neoplasm that affects the jaws. Despite
its aggressive biological behavior, there are no studies that evaluated the clinicopathological features of this tumor and
parameters associated with its prognosis. The objective of the present study was to conduct a systematic review of the
available data on oral and maxillofacial PIOSCC in order to determine its clinicopathological characteristics and biologi-
cal behavior. We conducted a systematic review in May 2020 in multiple databases using a specific search strategy. Cases
diagnosed as PIOSCC in the oral cavity and maxillofacial complex that had sufficient histopathological data, absence of
ulceration in the oral mucosa, a negative result for a distant primary tumor, and radiographic evidence of an osteolytic lesion
that was entirely or mostly surrounded by the jaw bones were included. A total of 109 published articles were included in
our systematic review, corresponding to 257 cases. PIOSCC showed a male predilection (69.3%) and a preference for the
mandible (7:1), with the posterior region being the most commonly affected site. The mean age at diagnosis was 57.3 years.
Cortical expansion, pain, and lip/facial paresthesia were the most common clinical features. Regarding histopathological
features, most PIOSCC were well-differentiated and the solid subtype was the most common. Statistical analysis showed that
PIOSCC located in the mandible (p=0.03) and recurrence (p <0.01) were significantly associated with a higher mortality
rate. PIOSCC has a poor prognosis, with high rates of mortality.
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Introduction

Primary intraosseous carcinoma of the jaws is a rare neo-
plasm that is characterized by different histological sub-
types, distinct clinicopathological features, and a varied
biological behavior [1]. Intraosseous carcinomas of the jaws
can be classified according to their histological subtype into
(i) salivary gland carcinomas, (ii) odontogenic carcinomas,
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and (iii) primary intraosseous squamous cell carcinomas
(PIOSCCO) [2].

First described by Loos in 1913, PIOSCC is a rare malig-
nant neoplasm that affects the jaws [3]. The latest WHO
classification defines PIOSCC as a central tumor that prob-
ably arises from the odontogenic epithelium and that can be
associated with odontogenic cysts or other benign precursors
[4]. Because of its rarity, it is difficult to obtain detailed
knowledge about the clinical and pathological features of
PIOSCC [4, 5]. Histologically, PIOSCC varies from well-
differentiated tumors to poorly differentiated carcinomas [4,
6].

The criteria established for the diagnosis of PIOSCC
include the absence of a communication with the adjacent
mucosa, the absence of a preexisting primary tumor at diag-
nosis (ruling out the hypothesis of metastasis to the jaws),
and histological evidence of squamous cell carcinoma [4, 7].


http://orcid.org/0000-0002-2173-7672
http://orcid.org/0000-0001-5687-7635
http://orcid.org/0000-0001-7685-0843
http://orcid.org/0000-0003-1979-9919
http://orcid.org/0000-0002-7577-5375
http://crossmark.crossref.org/dialog/?doi=10.1007/s12105-020-01234-z&domain=pdf
https://doi.org/10.1007/s12105-020-01234-z

Head and Neck Pathology (2021) 15:608-616

609

The overall prognosis of PIOSCC is poor and high rates
of recurrence and metastasis, as well as low survival rates,
have been reported [5, 8]. Despite its aggressive biological
behavior, to our knowledge, no systematic review has evalu-
ated the clinicopathological features and possible parameters
associated with the prognosis of PIOSCC. The majority of
previous studies are reports of single cases or case series.
Therefore, the aim of this systematic review is to evaluate
the clinicopathological features and prognosis of PIOSCC
in the literature.

Materials and Methods

This study followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[9]. The study was registered with PROSPERO under num-
ber CRD42020181439.

Data Sources and Search Strategies

A literature search was performed in May 2020 in the fol-
lowing electronic databases: PubMed/MEDLINE, Sco-
pus, Science Direct, Embase, and Cochrane Collaboration
Library. Manual searches were also conducted by cross-
checking the reference lists of the included articles. Dupli-
cates were removed upon identification. The search was car-
ried out without time and language restrictions. Manuscripts
that were not published in English were translated for further
evaluation.

The following review question was developed according
to the population, intervention, comparison, and outcome
(PICO) model: “What are the clinicopathological charac-
teristics and prognostic factors in PIOSCC of the jaws?” A
keyword search was performed.

The search strategy was based on combinations of the
following keywords: (“Intraosseous carcinoma“[tw] OR
“Squamous Cell Carcinoma*“[tw] OR “Primary Intraosseous
Carcinoma““[tw]) AND (“Jaws*“[tw] OR “Mandible“[tw] OR
“Maxilla“[tw]) AND (“Prognosis“[tw] OR “Prognoses‘‘[tw]
OR “Prognostic Factors“[tw] OR “Factor, Prognostic*“[tw]
OR “Factors, Prognostic*“[tw] OR “Prognostic Factor” OR
“Survival“[tw]).

Eligibility Criteria and Study Selection

Publications reporting cases of PIOSCC of the jaws were
eligible. The studies needed to contain enough clinical,
radiological and histological information to confirm the
diagnosis. Randomized controlled clinical trials, cohort
studies, case-control studies, cross-sectional studies, case
series, and case reports were included. Exclusion criteria
were: (1) immunohistochemical studies; (2) radiological

studies; (3) cytological studies; (4) histomorphometric
studies; (5) genetic expression studies; (6) histopatho-
logical studies; (7) in vitro studies, and (8) review papers,
unless any of these publication categories reported
cases with enough clinical, radiological and histological
information.

The diagnostic criteria for inclusion in this systematic
review were: (1) absence of ulceration in the oral mucosa,
except when caused by other factors such as tooth extrac-
tion or trauma; (2) histopathological confirmation of squa-
mous cell carcinoma; (3) a negative result for a distant
primary tumor, and (4) radiographic evidence of an osteo-
lytic lesion that was entirely or mostly surrounded by the
jaw bones.

The titles and abstracts of all articles identified by the
electronic searches were read independently by the authors.
In a second round, the full text of studies that appeared to
meet the inclusion criteria was read. Disagreements were
resolved by discussion between the authors. The clinical and
radiological features, as well as the histological/immunohis-
tochemical description of the lesions reported in the studies,
were thoroughly assessed by four of the authors in order
to confirm the diagnosis of PIOSCC (E.F.M., H.D.D.M.,
H.G.EM., and LM.C.).

Data Extraction/Analysis

The review authors independently screened the articles for
data extraction. Any disagreements were resolved by dis-
cussion. The following data were collected from each arti-
cle: (1) authors’ name; (2) publication year; (3) number of
cases reported; (4) patients’ age and sex, and (5) anatomic
location. The following clinical information was obtained:
(1) primary location of the tumor; (2) clinical features; (3)
histopathological features; (4) subtype (solid, arising from
odontogenic cysts and carcinomas associated with odonto-
genic tumors); (5) TNM classification; (6) treatment; (7)
recurrence; (8) metastasis; (9) follow-up period; and (10)
patient status at the time of publication.

The methodological quality of the articles was evaluated
according to the CARE guidelines for case reports, a qualita-
tive checklist for observational studies and case reports [10].

The clinicopathological data were presented descriptively.
The chi-square test was used to compare clinicopathological
variables and patient status (alive or dead). Overall survival
was determined by survival analysis using the Kaplan—-Meier
method. For the analysis of overall survival, cases were
included only with a minimum follow-up of 5 years. All
data were analyzed statistically using the Statistical Pack-
age for the Social Sciences (SPSS), version 23 (SPSS Inc.,
Chicago, IL, USA). The level of statistical significance was
set at P <0.05.

@ Springer



610

Head and Neck Pathology (2021) 15:608-616

]

Identification

Records identified through database searching
(n=14.530)

Screening

Total records after duplicatesremoved
(n=2.564)

Records excluded based on
— | title and abstract screening
(n=2.334)

v

ility

igi

El

Included

~—/

Records available after initial screening
(n=230)

Full-text articles excluded because they did not
have sufficient clinical, radiographic and/or
histopathological information to confirm the
diagnosis of PIOSCC (n=121)

Studies includedin qualitative and quantitative
synthesis
(n=109)

Fig.1 PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram of article selection for inclusion in the sys-
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Fig.2 Anatomical distribution of cases diagnosed as primary intra-
osseous squamous cell carcinoma. The percentage of cases between
arrows indicates PIOSCC located in the anteroposterior region of the
mandible or maxilla

Results
Study Selection

A broad survey was conducted in different databases and
by manual search, which retrieved 14,530 articles. After
reading the titles and abstract, 186 articles were consid-
ered potentially eligible and their full text was read by four
evaluators (E.F.M., HD.D.M., HG.F.M., and L.M.G.).

After full-text reading of the pre-selected articles, 109
met all inclusion criteria and were selected for the present
systematic review, totaling 257 cases of PIOSCC diag-
nosed in the jaws. The flow diagram of the article selec-
tion process is shown in Fig. 1. The publication languages
of the selected articles were English (n=104), Spanish
(n=3), Turkish (n=1), and Korean (n=1). The articles
selected for the present systematic review are listed in
Online Appendix I.

Clinical and Histopathological Features

PIOSCC was most commonly diagnosed in male patients
(69.3%). The mean age of the patients was 57.3 years, rang-
ing from 5 [11] to 89 years [12]. Only two cases were diag-
nosed in patients younger than 18 years [11, 13]. The mandi-
ble was the most commonly affected site (mandible/maxilla
ratio of 7:1), with most tumors occurring in the posterior
region of the mandible (Fig. 2).

Clinically, cortical bone expansion was a common finding
in the PIOSCC cases included in our analysis (60.3%). Pain
(43.5%) and lip or facial paresthesia (28.4%) were frequently
observed. Radiographically, PIOSCC appear as well-defined

lesions (26%) or as irregular lesions with imprecise limits
(31.1%). Less frequent findings are also observed. Cortical
bone destruction was found in 33.5% of the included cases.

Regarding histopathological findings, in our review,
most tumors were graded as well-differentiated, followed
by moderately-differentiated and poorly-differentiated
tumors (Table 1). The solid subtype was the most common
(35%), 30.3% of the cases arose from odontogenic cysts,
and only 0.3% from an odontogenic tumor (ameloblastoma)
[14]. Table 1 shows the clinicopathological features of the
PIOSCC cases.

Treatment and Outcome

The most frequently employed treatment in the included
studies was surgery (39.6%), followed by surgical treatment
combined with adjuvant radiotherapy (34.6%). Lymph node
metastasis was observed in 12.8% of the cases and local
recurrence in 22.1%. Cases of PIOSCC located in the man-
dible (p=0.03) and recurrence (p <0.01) were associated
with a higher mortality rate (Table 2).

Taking into account all cases where the status of the
patients was available, 72% of the cases diagnosed as
PIOSCC were alive. However, considering only studies
with at least 5 years follow-up, the overall survival rate of
the patients included in this systematic review was 44.6%.
Among the cases of death, most patients died before 2 years
after initial diagnosis (Fig. 3).

Quality Assessment

The results of the quality assessment of the selected studies
are shown in appendix II. Few articles adequately reported
the clinicopathological features and follow-up information
of the patients analyzed.

Discussion

Primary intraosseous squamous cell carcinoma is a rare neo-
plasm that exclusively affects the jaws and that presumably
arises from remnants of odontogenic epithelium [4, §8]. The
estimated incidence of PIOSCC was projected to range from
1 to 2% of all oral cancers [3, 15]. Because of the rarity of
PIOSCC, most available studies are case reports. We thus
conducted this systematic review to obtain more in-depth
knowledge of the clinicopathological features and prognostic
factors of this tumor.

Squamous cell carcinomas originating from the jaws have
a clinicopathological behavior and biological profile that dif-
fer from their counterparts affecting soft tissues of the oral
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Table 1 Clinicopathological features of 257 PIOSCC cases published
in the literature

Clinicopathological variables N %
Sex

Male 178 69.3
Female 79 30.7

Age (mean age: 57.37 years)
Location of tumor

Maxilla 32 124
Mandible 225 87.5
Jaw swelling

Yes 155 60.3
No 19 74
NA 83 323
Pain

Yes 112 435
No 38 147
NA 107 41.6
Lip or facial numbness

Yes 73 284
No 62 24.1
NA 122 474
History of teeth extraction or mobility

Yes 100 38.9
No 41 159
NA 116 45.1
Radiographic features

Irregular osteolytic lesion 80 31.1
A well-delineated radiolucent lesion 67 26.0
Others 110 42.8
Destruction of bone cortex

Yes 86 335
No 17 6.6
NA 154 599
Size of tumor (cm)

<4 32 124
>4 30 11.7
NA 105 40.9
Lymph nodes metastasis

Absent 78 30.4
Present 33 12.8
NA 146 56.8
Subtype

Solid 90 35.0
Arising from odontogenic cysts 78 30.3
Arising from odontogenic tumors 1 03
NA 88 34.2
Histological grading

Well-differentiated 79 30.7
Moderately-differentiated 41 159
Poorly-differentiated 27 105
NA 110 42.8

@ Springer

Table 1 (continued)

Clinicopathological variables N %
Treatment
Surgery alone OR surgery +ND 102 39.6
Surgery alone OR surgery + ND+RT 89 34.6
Surgery alone OR surgery + ND +RT +ChT 20 7.7
RT alone OR ChT alone 1 03
Others 7027
NA 38 14.7
Recurrence
Yes 57 22.1
No 102 39.7
NA 98 38.1
Follow-up period (months) mean follow up: 31.1 months
<5.0 years 106 41.2
>5.0 years 14 55
NA 137 533
Status
Alive 103 40.0
Death due to tumor 40 155
NA 114 443

NA not available, ND neck dissection, RT radiotherapy, ChT chemo-
therapy

mucosa. In a functional genomic analysis of a mandibular
odontogenic carcinoma, Alevizos et al. [16] observed that
PIOSCC possesses a different profile of oncogenes and
tumor suppressors compared to soft tissue squamous cell
carcinoma.

Like its counterpart in the oral mucosa, PIOSCC has a
male predilection and more commonly affects patients in
their fifth to seventh decade of life [3]. The mandible is sig-
nificantly more involved than the maxilla [8]. PIOSCC has
a poor prognosis, with low survival rates and recurrences
being common. Previous studies reported a 2-year survival
rate of 60 to 70%, while the 5-year survival rate ranged from
30to 40% [5, 8, 17, 18]. Our systematic review corroborates
the findings of other studies by demonstrating a 5-year sur-
vival rate of only 44.6%.

The lack of specific clinical and radiographic features of
PIOSCC hinder early diagnosis, a factor that may be directly
associated with the poor prognosis of the tumor. Cortical
bone expansion, tooth mobility, pain, and paresthesia were
relatively common findings in the selected articles. However,
early-stage tumors are commonly included in the differen-
tial diagnosis with benign odontogenic lesions, delaying the
diagnosis and, consequently, appropriate treatment [5, 19,
20]. Lukandu et al. [19] also pointed out that the late diag-
nosis of PIOSCC is frequently associated with the absence
of imaging tests before exodontia procedures.
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Table 2 Association analysis
between the clinicopathological
features of cases 257 PIOSCC
of the jaws cases and the
patients’ status at last follow-up

Fig.3 Kaplan—Meier survival
curve of intraosseous squamous
cell carcinoma of the jaws

Clinicopathological variables Alive N (%) Dead N (%) p value
Sex
Male 65 (72.2%) 17 (65.3%) 1.0
Female 25 (27.7%) 9 (34.6%)
Location of tumor
Maxilla 19 (21.1%) 2 (7.7%) 0.03
Mandible 71 (78.8%) 24 (92.3%)
Radiographic features
Irregular osteolytic lesion 27 (56.2%) 8 (53.3%) 0.79
Well-delineated radiolucent lesion 21 (43.7%) 7 (46.6%)
Destruction of bone cortex
Yes 42 (87.5%) 7 (100%) 0.1
No 6 (12.5%) 0(0%)
Lymph nodes metastasis
Absent 56 (86.1%) 13 (65%) 0.12
Present 9 (13.8%) 7 (35%)
Subtype
Solid 29 (53.7%) 9 (56.2%) 0.9
Arising from odontogenic cysts OR tumors 25 (46.3%) 7 (43.7%)
Histological grading
Well-differentiated 27 (50.9%) 7 (50%) 1.0
Poorly/moderately differentiated 26 (49.0%) 7 (50%)
Treatment
Surgery alone OR surgery + ND 29 (56.8%) 5(70.5%) 0.7
Surgery alone OR surgery + ND +adjuvant therapy 22 (43.1%) 12 (29.45)
Recurrence
Yes 7 (14.2%) 17 (77.2%) <0.01
No 42 (85.7%) 5(22.7%)
Survival function
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Fig.4 a Sectional orthopantomogram showing irregular radiolucent
areas in the right mandible. b—d Microscopic features. Proliferation
of islands, cords, and solid masses of malignant epithelial cells. Cel-

The histopathological pattern or subtype of PIOSCC was
not associated with the survival of the patients analyzed in
our systematic review (Fig. 4). However, unlike observed in
the present systematic review, the histological classification
of PIOSCC had a strong survival impact in other studies
[5, 8, 21]. The lack of histopathological grading data in a
significant number of cases included in our review (42.8%)
may explain the absence of a significant association. How-
ever, histopathological parameters, e.g., tumor budding,
lymphovascular invasion, perineural invasion and extraosse-
ous extension into surrounding structures can be promising
markers of prognosis.

@ Springer

lular and nuclear pleomorphism, scarce intracellular, extracellular
keratinization, and increased mitosis are observed in the same speci-
men

In our study, most cases were tumors arising de novo
(subtype I) or from an odontogenic cyst. Careful analysis
of the surgical specimen by an experienced pathologist is
important to identify the true origin of the tumor [3].

There is still no specific staging system for PIOSCC and
the staging system proposed by the American Joint Com-
mittee on Cancer (AJCC) for oral cancer is used for this
purpose [22]. Specific treatment guidelines for PIOSCC are
also not yet available. However, Naruse et al. [18] believe
that, since the overall survival in PIOSCC is similar to that
of stage-IV oral squamous cell carcinoma, the treatment of
PIOSCC should be compatible with that of T3NO oral can-
cer. Future studies evaluating therapeutic protocols with the
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greatest impact on the survival of patients with PIOSCC will
be a decisive factor to prolong patient survival.

The present study is the first systematic review aimed
at evaluating the clinicopathological features of PIOSCC
and possible etiological factors associated with its prog-
nosis. We observed that, although less frequent, cases
of PIOSCC in the maxilla are associated with a better
prognosis than those involving the mandible. In addition,
recurrence was strongly associated with poor survival.
Future multicenter studies for the long-term follow-up of
patients with PIOSCC are necessary to expand our knowl-
edge about this neoplasm.

The limitations of our systematic review include the
lack of clinicopathological data for a large number of cases
diagnosed as PIOSCC since such data are useful to better
understand the characteristics of this tumor and possible
factors associated with its prognosis. In addition, 5-year
follow-up data, which are important for survival analysis,
were only available for a small number of cases.

In conclusion, the prognosis of patients with PIOSCC
is poor, with high rates of regional lymph node metasta-
ses, recurrence and mortality. In view of the lack of spe-
cific clinical and radiographic features, PIOSCC should
be included in the differential diagnosis of intraosse-
ous lesions of the jaws. Specific staging and therapeutic
protocols should be elaborated for PIOSCC in order to
improve the prognosis of the tumor. Furthermore, future
studies with sample sizes adequate are necessary to inves-
tigate possible correlations between clinical, radiographic
aspects and morphological parameters and tumor behavior.
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