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Introduction

Osteosarcoma, also called osteogenic sarcoma, originates
from primitive bone-forming mesenchymal cells. It is the
most common primary bone malignancy with an approxi-
mate incidence in the United States of 1:100,000 patients per

year1 and affects patients in a bimodal age distribution.2,3 It
usually affects the metaphyseal growth plates of the long
bones,2 but 6 to 13% of osteosarcomas are craniofacial.4 In the
head in neck, osteosarcomamost commonly arises in areas of
mastication, namely, the mandible and maxilla,1 and rarely
involves the sphenoid and ethmoid bones.5,6 The exact
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Abstract Objective The objective of this study is to describe the clinical presentation, tumor
characteristics, natural history, and treatment patterns of sinonasal osteosarcoma.
Methods Fourteen patients who had been treated for osteosarcoma of the nasal cavity
and paranasal sinuses at a tertiary care center were reviewed. In addition, a systematic
review of the literature for osteosarcoma of the sinonasal cavity was performed.
Results In a systematic review, including 14 patients from the authors’ institution, 53
total studies including 88 patients were assessed. Median follow-up was 18 months
(interquartile range: 8–39 months). The most common presenting symptoms were facial
mass or swelling (34%), and nasal obstruction (30%). The most common paranasal sinus
involved by tumor was the maxillary sinus (64%), followed by the ethmoid sinuses (52%).
The orbit (33%), dura (13%) and infratemporal fossa (10%) were the most common sites of
local invasion. The majority of patients underwent surgery followed by adjuvant therapy
(52.4%). Increasing age was associated with decreased overall survival rate (unit risk ratio
[95% confidence interval (CI)]¼1.02 [1.003–1.043]; p¼0.0216) and T4 disease was
associated with decreased disease-specific survival rate (hazard ratio [HR]¼2.87;
p¼0.0495). The 2- and 5-year overall survival rates were 68 and 40%, respectively, while
2- and 5-year disease-specific survival rates were 71% and 44%, respectively.
Conclusion Sinonasal osteosarcomas are uncommon tumors and can pose a signifi-
cant therapeutic challenge. Increasing age and T4 disease are associated with worse
prognosis. This disease usually warrants consultation by a multidisciplinary team and
consideration of multimodality therapy.
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incidence of osteosarcoma is difficult to determine because
the reporting of the sinonasal site in head and neck osteo-
sarcoma is often reported in umbrella categories such as
“extragnathic” or “skull/facial bones.”

Currentmanagementparadigmsforsinonasalosteosarcoma
have been extrapolated from experience with osteosarcoma in
the rest of the body tailored to the anatomic considerations of
the head and neck. In other parts of the body, treatment is
primarily surgical, along with frequent use of neoadjuvant
and/or adjuvant chemotherapy.4 Radiation therapy (RT) does
not typically play a major role in long-bone tumors as wide
surgicalmargin is frequentlyobtainable, such asabove theknee
amputation for lower leg osteosarcomas. In addition, osteosar-
comas are traditionally felt to be radioresistant tumors, requir-
ing more than 60 Gy to be effective.7 However, when these
tumors occur in the sinonasal cavity, anatomic constraints
including close proximity to the skull base and orbits make
obtainingwidely clear surgicalmargins difficult.With a signifi-
cant proportion of this disease population consisting of young
people, the prospect of highly morbid or disfiguring surgery
may bedaunting. Thus, primary chemoradiotherapyor surgery
followedbyadjuvant RTmaybemore commonly utilized in the
sinonasal region, especially in patients where wide surgical
margins are not possible.8

Specific attention and guidance for osteosarcomas of the
nasal cavity and paranasal sinuses is warranted as the close
proximity to critical organs and neurovascular structures may
potentiallyaffectmanagementparadigms.Prior studies report-
ing sinonasal osteosarcomas have largely consisted of case
reports or case series focusing on specific scenarios such RT-
induced skull base osteosarcomas.9–11 Herein, we report 14
newcases of sinonasal osteosarcoma fromour institution anda
further 74 cases gathered in a systematic review from the
literature.Given thepaucityofdataonsinonasal osteosarcoma,
our aim is todescribe thepresentation, treatmentpatterns, and
outcomes of this entity. In addition, we perform a meta-
analysis of survival outcomes for this rare pathologic entity.

Methods

Institutional Retrospective Review
After gaining approval from our Institutional Review Board
(IRB: 18–001238), International Classification of Diseases
codes were used to query a retrospective institutional data-
base for patientswho presented toMayo Clinic with sinonasal
osteosarcoma from 1997 to 2018. This search yielded 14
patients and a retrospective chart review was subsequently
performed. Endpoints captured included patient demograph-
ics and symptoms at presentation; tumor characteristics;
treatment characteristics including surgical approach, use of
neoadjuvant or adjuvant therapy, margin status, tumor recur-
rence, salvage therapy, and disease status at last follow-up.

Systematic Review: Data Sources and Search
Strategies
A comprehensive search of several databases from each
database’s inception to October 2, 2018, English language
was conducted. The databases included Ovid MEDLINE(R)

and E-pub Ahead of Print, In-Process and Other Nonindexed
Citations, and Daily, Ovid EMBASE, Ovid Cochrane Central
Register of Controlled Trials, Ovid Cochrane Database of
Systematic Reviews, and Scopus. The search strategy was
designed and conducted by an experienced librarian with
input from the study’s principle investigator. Controlled
vocabulary supplementedwith keywordswas used to search
for sinonasal ostesosarcomas.

Systematic Review: Study Selection
Study protocol was designed in accordance with the preferred
reporting items of systematic reviews and meta-analysis
(PRISMA) statement (►Fig. 1). Articles were identified by
the research librarian and duplicates were removed. Study
investigators also conducted a supplemental manual search
usingPubMedand thebibliographies of includedarticles.After
303 articles were screened by title and abstract by (C.M.L. and
N.R.G.), 74 articles were selected to undergo full-text review.
Articles were excluded if theywere nonhuman studies, lacked
relevant clinical information, ordidnot examine thepathology
or anatomic site of interest (►Fig. 1). If articles or tumorswere
listed as involving maxilla but were primarily oral cavity
tumors with minimal maxillary sinus involvement upon
review of article images, they were excluded. When a single
institution reported more than one paper with the same
patient cohort, the most recent and comprehensive report
was selected. After applying selection criteria, 53 articleswere
included in thesystematic review. Fromthesearticles, thetotal
patient cohort found in the literature was 74 patients. Risk of
bias in case series were evaluated using the 20-item quality
appraisal checklist developed by the Institute of Health

Fig. 1 The preferred reporting items of systematic reviews and meta-
analysis (PRISMA) flow diagram.
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Economics (IHE).12 The items on the checklist document
domains including study objective, design, population, inter-
vention and cointervention, outcome measures, statistical
analysis, results, and conclusion to assist the critical reviewer
in assessing case series studies.

Systematic Review: Data Collection
Individual patient data were entered into a database includ-
ing age, sex, symptoms at presentation, predisposing factors,
histologic diagnosis, grade, treatment modality, and disease
status at last follow-up. Survival outcomes originate from
date of diagnosis. A patient was assigned into one of two
American Joint Committee on Cancer (AJCC) tumor (T) stage
groupings, T1 to T3 or T4, if the patient’s data included
information regarding the presence of tumor invasion of
local structures. T stage was based on primary T stage as
defined in the soft tissue sarcoma of the head and neck
portion of the AJCC Cancer Staging Manual, 8th edition.

Statistical Analysis
Descriptive statistics were generated for patients included in
the study including the institutional patient data and the
patient data from the literature. Continuous features were
summarized with mean, standard deviation, median, and
range; categorical featureswere summarizedwith frequency
count and percentage. Sample sizes for features withmissing
data are reported. Estimated rates of overall survival (OS) and
disease specific survival (DSS) were calculated using the
Kaplan–Meier method. For univariate and multivariate anal-
ysis, the Cox proportional hazards model was used. Routine
statistical testswere performedusing JMPPro, Version 13.0.0
(SAS institute, Inc., Cary, North Carolina, United States)

Results

Single Institution Clinical Data
Fourteen patients (seven men; median age, 39years; range:
17–77 years)with pathologically confirmed sinonasal osteosar-
coma were identified from our single institution clinical data
(►Table 1). Themedian follow-up timewas 34months (range:
5–155 months). The most common presenting symptom was
nasal obstruction (8, 57%), followed in equal frequencies by
epistaxis (4, 29%), V2 parasthesia/hypesthesia (4, 29%), facial
swelling (4, 29%), and facial pain (4, 29%). Three (21%) patients
had a remote history of craniofacial RT and experienced a
postradiation latency osteosarcoma occurrence of 5, 17, and
24years respectively. Histologic analysis of pathologic osteosar-
coma specimens most frequently revealed chondroblastic (4,
29%), andfibroblastic (4, 29%), followed by osteoblastic (3, 21%)
subtypes. Tumors were more commonly high grade (8, 57%).
Additional details are listed in ►Table 1.

Imaging from a representative case is seen with coronal
computed tomography of the paranasal sinuses demonstrat-
ing dense calcification inferiorly in an opacified and mildly
expanded left maxillary sinus (►Fig. 2A). An intraoperative
view of the left maxillary sinus with Caldwell–Luc approach
shows aviewof the tumor in situ (►Fig. 2B) and removed from
the left maxillary sinus as the surgical specimen (►Fig. 2C).

Systematic Review Data
In a systematic review, 53 total studies7,11,13–63 capturing 75
patients were assessed (►Supplementary Tale S1; available
online only). When combined with the 14 patients from our
institution, a total of 88patientswere included for assessment.
This total cohort of 88 patients is thus represented in the data
in ►Tables 2–5. Quality scores for included case series were
tabulated and are available in ►Supplementary Table S2

(available online only). Median follow-up was 18 months
(interquartile range 8–39 months; ►Table 2). A histogram of
the included patient ages demonstrates a bimodal age distri-
bution with peaks in the second and sixth decades of life
(►Supplementary Fig. S1; available online only).

Presenting characteristics of all sinonasal osteosarcoma
patients are summarized in ►Table 2. The most common
presenting symptoms were facial mass or swelling (34%),
nasal obstruction (30%) and headache (26%), epistaxis (20%),
oral mass (17%), facial pain (17%), and proptosis (15%).
Thirty-four percent of patients (24/69) had a history of prior
craniofacial RT. The most common indications for prior
craniofacial RT include retinoblastoma (6/24), nasopharyn-
geal carcinoma (4/24), and rhabdomyosarcoma (3/24). The
mean dose of radiation patients receivedwas 57.2 Gy and the
mean time between prior radiation and presenting with
osteosarcoma was 12.9 years. Also 2.5% of patients (1/40)
had a history of Paget’s disease and 7.2% (5/48) had a history
of retinoblastoma. Cases where a presenting symptom or
tumor characteristic was not described in amanuscript were
noted. The total number of cases that reported a presenting
characteristic was communicated by their inclusion as the
denominator in the patient column (►Table 2).

Tumor characteristics in patients with sinonasal osteosar-
coma are also summarized in ►Table 2. The most common
paranasal subsite involved by tumor was the maxillary sinus
(63.8%), followed by the ethmoid sinuses (52%), nasal cavity
(46%), sphenoid sinus (28%), and frontal sinus (20%).Osteoblas-
tic osteosarcoma (76%) was the most common histologic
subtype followed by chondroblastic (32%) and fibroblastic
(20%) osteosarcoma. High-grade disease (63%) wasmore com-
mon than low grade (37%). The majority of patients (59.1%)
presented with T4 disease versus T1 to T3 disease (40.8%). The
orbit (32.4%), dura (18.3%), and infratemporal fossa (10.0%)
were the most common sites of local tumor invasion.

Treatment patterns for patients with sinonasal osteosarco-
ma are summarized in►Table 3. The vast majority of patients
received their primary therapy as surgery (80.5%), with 23 of
82 (28.0%) patients undergoing primary surgery alone and 43
of82 (52.4%) patientsundergoing primary surgery followedby
adjuvant therapy. A smaller proportion underwent primary
chemotherapy or RT (19%). Patterns of treatment failure were
described in 18 patients. Of these 18 patients, 17 patients
(94.4%) had local recurrence, 1 patient (5.5%) had regional
recurrence, and 8 patients (44.4%) had distant metastasis.

At last follow-up, 42.3% of patients were alive with no
disease, 12.8% were alive with active disease, 39.7% had died
of their disease, and 5.1%were dead of other cause (►Table 3).
Two- and 5-year OS rates were 68 and 45%, respectively, while
2- and 5-year DSS rates were 71.3 and 43.9%, respectively. A
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Kaplan–Meier estimate of overall survival rate for sinonasal
osteosarcoma is shown in ►Fig. 3. Statistically significant
univariate discriminators of decreased OS included increasing
age (unit risk ratio [95% confidence interval (CI)]¼1.02
[1.003–1.043]) and T4 disease (hazard ratio [HR]¼2.81;
p¼0.0253; ►Table 4). Only age retained statistical signifi-
cance in the multivariate analysis for OS (►Table 5). In the
univariate analysis of DSS, only T4 disease (HR¼3.566;
p¼0.0100) was statistically significant (►Table 4). T4 disease
retained statistical significance in themultivariate analysis for
DSS (HR¼2.87; p¼0.0495; ►Table 5).

Discussion

Sinonasalosteosarcoma isanexceedingly rareentity. Todate,no
study as investigated survival in this patient cohort and factors
thatmayaffect this.Our systematic reviewandmeta-analysis of
the published literature captured 88 patients including 14
previously unreported patients from our own institution. The
population in this review demonstrates a 2-year and 5-year OS
rates of 68 and 40%, respectively, and 2-year and 5-year DSS
rates were 71.3 and 43.9%, respectively. Increasing age was
a predictor of worse OS (unit risk ratio [95% CI]¼1.03 [1.009–
1.053]; p¼0.0052) and T4 stage was a predictor of worse DSS
(HR¼2.87; p¼0.0495).

Patterns of Disease and Presentation
Our study showed a similar equal gender distribution31 and
mean age in the 30’s18 in a bimodal distribution which is
consistent with previous studies62 of osteosarcoma of the
general head and neck region. In addition, the patients, in
this review, have risk factors consistent with other reports

Fig. 2 (A) Coronal computed tomography of the paranasal sinuses
demonstrates dense calcification inferiorly in an opacified and mildly
expanded left maxillary sinus. (B) Intraoperative view of the left
maxillary sinus with Caldwell–Luc approach and view of the tumor in
situ (C) Specimen of osteosarcoma of the left maxillary sinus.

Table 2 Presenting characteristics of patients with sinonasal
osteosarcoma included in the systematic review

Demographics Mean (SD) Patients
n¼ 88 (%)

Age (y) 38.5 (21.7)

Sex

Male 37/78 (47.4)

Female 41/78 (52.5)

Presenting symptoms

Facial mass/swelling 17/51 (33.3)

Nasal obstruction 16/51 (31.3)

Headache 12/51 (23.5)

Epistaxis 10/51 (19.6)

Oral mass/swelling 8/51 (15.7)

Facial pain 8/51 (15.7)

Proptosis 7/51 (13.7)

Epiphoria 6/51 (11.8)

V2 hypesthesia/parasthesias 6/51 (11.8)

Past history

History of prior radiation therapy 24/69 (34.7)

Dose (Gy) 57.2 (7.7)

Duration prior to osteosarcoma (y) 12.9 (8.4)

Paget’s disease 1/40 (2.5)

Retinoblastoma 5/48 (7.2)

Location of osteosarcoma involvementa

Maxillary sinus 46/72 (63.8)

Ethmoid sinus 39/75 (52.0)

Nasal cavity 34/74 (45.9)

Sphenoid sinus 19/68 (27.9)

Frontal sinus 13/66 (19.7)

Pathologic analysis

Histologic typeb

Osteoblastic 40/53 (75.4)

Chondroblastic 17/53 (31.5)

Fibroblastic 11/53 (20.4)

Grade

High grade 21/34 (61.7)

Low grade 13/34 (38.2)

AJCC T stage

T1–T3 29/71 (40.8)

T4c 42/71 (59.1)

Invasion of orbit 23/71 (32.4)

Invasion of dura 13/71(18.3)

Invasion of pterygoid muscles 8/71 (11.4)

Invasion of infratemporal fossa 7/71(10.0)

Invasion of nasopharynx 5/71 (7.1)

Invasion of clivus 4/71 (5.7)

Invasion of skin 3/71 (4.2)

Abbreviation: AJCC, American Joint Committee on Cancer; SD, standard
deviation; T, tumor.
aTumor may involve multiple sites.
bA portion of tumors contained multiple histologic types.
cSeveral tumors had invasion into numerous structures.
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including history of retinoblastoma,64 Paget’s disease65,66

and a significant proportion of patients with a previous
history of radiation.67–69 The most common presenting
symptoms are that of localized mass effect including facial
swelling and nasal obstruction.26,68 In particular, the very
nonspecific symptoms of epistaxis and headache commonly
occurred in this cohort. These presenting symptoms should
alert the treating physician to maintain a high index of
suspicion for a sinonasal mass, such as osteosarcoma. Con-
sistent with some70 reports but not all,68 our review found
osteoblastic osteosarcoma to be themost common histologic
variant. The majority of patients presented at high stage, like
previous studies of head and neck osteosarcoma.31

Survival Outcomes
The5-yearOS rate inour patientswas40.3%and the5-yearDSS
rate was 43.9%. No large-scale analysis of survival of osteosar-
coma in the sinonasal cavity has been performed. The best
comparison for data is in relevant literature of osteosarcoma of
the general headandneck region. Reports of survival outcomes
in osteosarcoma of the head and neck arewide, ranging from a
review reporting a 37% 5-year OS rate1 to a population based
analysis of the national cancer database reporting a 5-year DSS
rate of 59.7%.7 Other studies of head and neck osteosarcoma
report survival ranges from 35 to 55%.1,7,31,41,71 The 5-year OS
rate in our study is 40.3%. In contrast to sites like themandible,
tumors of the sinonasal cavity are less visible, may produce
more vague symptoms, and may present later. Moreover, they
may not be as accessible to complete negative-margin surgical
resection, thus having the potential for reduced survival.

Prognostic Factors
Previousstudieshave identifiedage, histology, stage, grade, and
tumor size asprognostic factors1,7,27,32,72,73 in osteosarcomaof

Table 3 Treatment patterns and outcomes for patients with
sinonasal osteosarcoma included in the systematic review

Treatment characteristics Median
(interquartile
range)

Patients
n¼ 88 (%)

Neoadjuvant therapy 12/82 (14.6)

Primary surgery alone 23/82 (28.0)

Primary surgery followed
by adjuvant therapy

43/82 (52.4)

Primary radiation and/or
chemotherapy

16/82 (19.5)

Outcomes

Status at last follow-up

No evidence of disease 33/78 (42.3)

Alive with disease 10/78 (12.8)

Dead of disease 31/78 (39.7)

Dead of other cause 4/78 (5.1)

Follow up duration (mo) 18 (8–39)

Pattern of failure

Local Recurrence 17/18 (94.4)

Regional recurrence 1/18 (5.5)

Distant metastases 8/18 (44.4)

Overall survival

2 years (68.1)

5 years (40.3)

Disease specific survival

2 years (71.3)

5 years (43.9)

Table 4 Univariate analysis of prognostic factors for overall survival and disease specific survival for patients included in the
systematic review

Overall survival Disease specific survival

Unit risk ratio
(95% CI)

HR p-Value Unit risk ratio
(95% CI)

HR p-Value

Age (y) 1.02 (1.003–1.043) – 0.0216 1.015 (0.994–1.037) – 0.148

Male sex – 2.07 0.0753 – 3.506 0.0611

AJCC T4 vs. T1–T3 stages – 2.81 0.0253 � – 3.566 0.0100

Primary therapy

Surgery – 0.49 0.0808 – 0.481 0.084

No surgery – –

Adjuvant therapy

Yes – 0.6078 0.1726 – 0.694 0.351

No – –

Histologic subtype

Osteoblastic vs. chondroblastic – 1.88 0.436 – 8.04 0.066

Fibroblastic vs. chondroblastic – 4.79 0.067 – 3.78 0.216

Multiple vs. chondroblastic – 3.25 0.178 – 6.52 0.096

Abbreviations: CI, confidence interval; HZ, hazard ratio.
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the general head and neck region. Based on these findings, we
hypothesized that likewise, age, sex, local invasion, and AJCC
stage would be prognostic factors in our data. The AJCC
classification in this study was limited to only two groupings,
T1 toT3andT4.This isbecausedifferentiatingT1 toT3 staging is
based on size andmost reports in the literature don’t report an
exact size. In addition, most cases were reported prior to the
current edition of AJCC. However, because T4 is reserved for
local invasion, a factor that was reported in the majority of
cases,distinctionofT1toT3versusT4wasable tobe included in
this study. As the risk of regional spread of osteosarcoma is
generally rare, the majority of included studies did not include
the status of regional spread at presentation. Therefore, full
staging including n stage was not available for the majority of
includedcases.Onunivariateanalysis in themeta-analysisdata,
increasing age and invasion of local structures was found to be
associated with decreased OS rate. However, on multivariate
analysis, only increasing age carried over to show statistical
significance (p¼0.0052). This confirms increasing age as a
prognostic variable for sinonasal osteosarcoma.

Management
Given the limited number of cases of sinonasal osteosarcoma,
no consensus has been established on the ideal treatment
modality for this entity. Practitioners generally agree
that negative margin surgery remains the mainstay for treat-
ment as previous studies have shown that surgical treatment in
thehead and neck portends a better prognosis.7,31 In this study,
82%ofpatients receivedprimary surgery. A total of 57%patients
received chemotherapy, half of these in a neoadjuvant protocol,
and 29% received RT. The use of surgical therapy improved OS
rate; however, this did not reach statistical significance
(p¼0.0808). Margin and nodal status were not included in
thevastmajorityof the cases included in the literature and thus
wasnot included inour analysis, though it hasbeen shown tobe
an importantprognostic factor inOSofothercancersof thehead
and neck.5,74 Local recurrence was by far the most common
pattern of failure, seen in 94% of patients who have recurrence.
This is consistent with prior literature41 and suggests difficulty
in achieving wide surgical margins. Treatment failure in the
form of distantmetastases was less common but still prevalent

Table 5 Multivariate analysis of prognostic factors for overall survival and disease specific survival for patients included in the
systematic review

Overall survival Disease specific survival

Factor Unit risk ratio
(95% CI)

HR p-Value Unit risk ratio
(95% CI)

HR p-Value

Increasing Age 1.030 (1.009–1.053) – 0.0052 1.022 (0.998–1.046) – 0.0683

T4 vs. T1–T3 – 2.18 0.1075 – 2.87 0.0495

Male Sex – 1.80 0.1913 – 1.75 0.265

Abbreviations: CI, confidence interval; HZ, hazard ratio.

Fig. 3 Kaplan–Meier estimate of overall survival for patients with sinonasal osteosarcoma included in the systematic review.
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in 44.4% of patients, while recurrence in the form of regional
metastasis was seen in just one patient (5.5%). Given the high
rate of local failure, the literature41 suggests that theremaybea
role for adjuvant therapy in the management of this entity.

In general, primary bone malignancies are known to be
radioresistant tumors, and there is a historically limited role
for RT.72 However, several patients in this review have been
treated with RT, either in the primary treatment or adjuvant
setting. Certainly, more exact forms of therapy may hold
promise for better delivery of RT andmay be an option of last
resort in the patient with unresectable disease. This review
has found that other kinds of radiation have been tried
including neutron therapy,54 and endoscopic resection ther-
apy followedby Cyberknife RT.10 Further investigationwould
need to be done into these other modalities to define their
role in this disease.

Strengths and Limitations
Strengths of our study include its systematic design and
meta-analysis of survival data. As with any systematic
review, the quality of the resultant review is limited by the
quality of the publications available in the literature, which
limited some conclusions. In particular, the lack of margin
status explicitly reported in included studies, along with the
lack of regional lymph node staging limited our ability to
include these factors in the univariate or multivariate analy-
ses. Moreover, our analysis is limited by the rarity of this
disease entity and relatively few published reports in the
literature, the heterogeneity of reported treatment patterns,
incomplete reporting of patient characteristics, and the
variability of reported follow-up timeframes. As with any
retrospective study, inherent limitations include the poten-
tial for inaccurate recording of patient or tumor-specific
information, selection bias, and confounding of variables.

Conclusion

Sinonasal osteosarcoma is a rare malignancy that presents
insidiously. Our systematic review shows that sinonasal
osteosarcoma presents and behaves similarly to head and
neck osteosarcomas of other sites. The 5-year OS and DSS
rates are 40 and 43.9%, respectively. Increasing age is a
predictor of worse OS rate (p¼0.0052) and T4 stage is a
predictor of worse DSS rate (p¼0.0495). Further rigorous
multi-institutional prospective studies would help to better
characterize this disease entity.
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