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ABSTRACT
Background: Sinonasal cancer is considered a rare disease with poor survival. Its treatment
has changed profoundly in recent years, primarily following the introduction of intensity-modulated
radiation therapy (IMRT) and minimally invasive endoscopic surgery. Danish national guidelines on
treatment of patients diagnosed with sinonasal carcinoma were introduced in 2007. The aim of this
phase-4 study was to assess the effect of the implementation of guidelines by describing treatment
outcomes in a consecutive nationwide cohort.
Methods: All patients diagnosed with sinonasal carcinoma in Denmark from 2008 to 2015 were identi-
fied in the nationwide clinical database, DAHANCA, and were followed until May 2020. Overall survival
(OS) was analysed using Kaplan–Meier estimator. Cumulative incidence of locoregional failure (LRF)
and disease-specific mortality (DSM) were analysed using the Aalen–Johansen estimator. Competing
risks were death from other causes (DSM) and distant failure and death (LRF). Analysis of prognostic
factors was performed using Cox proportional hazard analysis. Start of follow-up was time of diagno-
sis. The results are presented as estimates with 95% confidence intervals (95% CIs).
Results: A total of 331 patients were identified. Curatively intended treatment was performed in 264
patients (80%). Non-compliance with treatment guidelines was registered in 24 patients (9%). Non-
compliance was associated with LRF (hazard ratio [HR], 2.0 [95% CI: 1.1–3.5]). Among patients qualified
for curative treatment, failure occurred in 109 patients (41%), primarily at the primary tumour site
(81%). Anatomical tumour site and disease stage were independent prognostic factors. The 5-year OS
was 56% in patients treated with curative intent, and a combined treatment strategy showed reduced
LRF (HR, 0.53 [95% CI: 0.30–0.92]) in a multivariate analysis.
Conclusions: Guideline compliance and a combined treatment approach reduced the incidence of
LRF and thereby increased OS. Our results confirm those of international studies. Treatment of sino-
nasal carcinoma remains a challenge that requires multidisciplinary team coordination.
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Introduction

Sinonasal cancer is a rare disease encompassing a variety of
pathologies presenting at different sites in the nasal cavity or
the paranasal sinuses. Patients with these cancers present
unspecific symptoms and are easily misjudged as suffering
from various, more common non-malignant diseases, e.g.,
chronic rhinosinusitis [1–3]. Studies in this field are dissimilar
in terms of the histopathology and tumour localisation of
their study populations. Previous reports have described a
pronounced tendency to local recurrence and relatively low
survival rates [4,5].

The most recent Danish overview of sinonasal cancer,
which covered all subsites and all histopathological diagno-
ses, was an epidemiological study performed by Sj€ostedt
et al. [6]. This study reported a stable incidence and
improved survival in the period 1980–2014 [6]. A smaller
Danish study followed 242 patients diagnosed from 1995 to
2004; it reported data on histopathology and treatment and
showed a 5-year overall survival (OS) rate of 55% [7]. This
study inspired the national Danish guidelines on treatment
of sinonasal carcinoma proposed by the Danish Head and
Neck Cancer Group (DAHANCA) and introduced in 2007. The
national guidelines recommend that patients presenting with
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Union for International Cancer Control (UICC) 7th edition
stages I and II sinonasal carcinomas should be treated with
surgery or radiotherapy (RT) as monotherapy. Postoperative
RT is recommended in case of non-radical surgery, in all
stages of adenoid-cystic carcinoma and in case of stages III
or IV tumour [8].

Neuroendocrine carcinomas were included because they
commonly occur in the sinonasal area.

Recommendations regarding treatment of carcinoma of
the nasal vestibule and non-carcinomatous lesions, e.g.,
malignant melanoma, sarcoma and lymphoma in the nasal
cavity, and paranasal sinuses are not included in the present
Danish guidelines. The treatment strategy for these tumours
is primarily determined by histopathology rather than
tumour localisation [9].

The aim of this phase-4 study was to assess the effect of
the implementation of the national guidelines in a consecu-
tive nationwide cohort with a focus on compliance, treat-
ment and patterns of failure, and using locoregional failure
(LRF), disease-specific mortality (DSM), and OS as endpoints.

Material and methods

DAHANCA has existed since 1976 and aims to coordinate,
align, and continuously update the head and neck cancer
treatment regimens throughout Denmark. In this setting, a
nationwide database was developed. The DAHANCA data-
base consists of prospectively, manually collected data on all
patients diagnosed with head and neck malignancies in
Denmark [10]. The DAHANCA database contains information
on tumour site and size, TNM classification, and histopath-
ology. Information on recurrence, primary and salvage treat-
ment, follow-up status, and cause of death is also available.

The present analysis was performed on data from the
DAHANCA database. All patients with sinonasal carcinoma
diagnosed and treated in Denmark from 1 January 2008 to
31 December 2015 were included and followed until May
2020. Patients were censored at the latest clinical follow-up
or at the time of death. In case of missing or conflicting
data, medical records and pathology reports were thoroughly
reviewed. The study was reported according to the STROBE
guidelines for observational studies [11] (Checklist in
Supplementary Material).

Statistical analysis

OS was analysed using the Kaplan–Meier estimator, and DSM
and LRF were analysed using the Aalen–Johansen estimator.
With regard to DSM, an event was defined as death from or
with sinonasal cancer, and LRF was defined as recurrence at
the primary tumour site and/or regional lymph nodes.
Ultimate locoregional failure (ULRF) was defined as LRF
including the effect of salvage treatment. Competing risks
were death from other causes (DSM) and distant failure and
death (LRF). Start of follow-up was time of diagnosis for all end-
points. Analysis of prognostic factors was performed using Cox
proportional hazard analysis, and proportional hazards assump-
tion was evaluated visually using the log-minus-log plots.

Gender, disease stage, tumour site, histopathology, and treat-
ment modality, either as RT, surgery or combined RT and sur-
gery, were pre-selected to be included in multivariate models
with age as a continuous variable included in models of OS
and DSM. Additionally, age (binary variable at mean age,
65 years) and T and N classification were pre-selected to be
included in univariate analysis. All variables were defined at
time of diagnosis (or time of treatment for treatment modality).
The results are presented as estimates with 95% confidence
intervals (95% CIs). Statistical analysis was performed using
Stata version 14.2 (StataCorp, TX, USA).

Results

The cohort

From 2008 to 2015, 455 patients were identified in the
DAHANCA database. Patients with malignant melanoma or
carcinoma of the nasal vestibule were subsequently excluded
from the study as they were not included in the cohort. The
DAHANCA database was cross-checked with the Danish
Cancer Registry (DCR) and an overview of the clinical course
is shown in Figure 1. Among patients in the DCR, 81 patients
(16%) did not appear in the DAHANCA database, and only
41 (8%) of the patients identified in the DCR were, therefore,
included in the analysis. A total of 40 patients (8%) from the
DCR did not have sinonasal carcinoma but other malignan-
cies, e.g., lymphoma, sarcoma, or other sites, e.g., cavum oris,
oro-, or rhinopharyngeal carcinoma. Among the patients in
the DAHANCA database, 38 (8%) did not occur in the
DCR [12].

A total of 331 patients fulfilled the criteria for treatment
according to the current guidelines. Of these, 264 patients
received treatment with curative intent. Their characteristics
and demographics are listed in Table 1. The median age at
the time of diagnosis was 65 years; 63% were male. The
tumour was located in the nasal cavity in 61% of the
patients. The tumour originated from the maxillary (31%),
the ethmoid (5%), the sphenoid (2%), or the frontal sinuses
(1%) in the remaining patients (Table 1). The most common
histopathology was squamous cell carcinoma, which was
found in 59% of the patients. Adenocarcinoma was found in
17% of the patients. Cases of undifferentiated carcinoma,
adenoid-cystic carcinoma, and neuroendocrine carcinoma
were rare. More than two-thirds of the patients had stages III
or IV disease at the time of diagnosis.

Treatment failure and survival

The median follow-up time was 5.1 years (interquartile range
3.3–6.5), and the 5-year OS was 46% (95% CI: 40–52%)
(Figure 2(A)). Figure 1 presents an overview of all treatments
performed. A total of 67 patients (20%) were referred to
either palliative (n ¼ 50) or supportive care (n ¼ 17), which
was not covered by the treatment guidelines. This group of
patients had a median age of 75 years and 82% presented
with stage IV disease. Distant metastasis was present in 19%
of these patients.
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A total of 264 patients were treated with curative intent,
24 (9%) of whom were not treated in accordance with the
guidelines. These 24 patients were characterised by adenoid-
cystic carcinoma and/or stages III and IV disease and
received curative intended surgery as monotherapy, which
was not in accordance with the DAHANCA guidelines, which
recommends postoperative RT for these patients. Among

these 24 patients, 15 patients remained disease-free either as
a result of primary treatment (n ¼ 11) or because of salvage
treatment after recurrent disease (n ¼ 4).

Non-compliance with treatment guidelines was associated
with LRF (HR, 2.0 [95% CI: 1.1–3.5]) and with inferior OS (HR,
1.9 [95% CI: 1.1–3.3]); the 5-year OS was 57% (95% CI:
50–64%) for patients treated according to the guidelines and

Figure 1. Clinical course diagram. RT: Radiotherapy; CRT: chemoradiotherapy.
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38% (95% CI: 17–59%) for patients who were not treated in
accordance with the guidelines (Supplementary Figure 1(A)).
Non-compliance with guidelines remained associated with
LRF (HR, 1.8 [95% CI: 1.0–3.4]) when tested in a multivariate
analysis (Figure 2(B)).

Failure in the 264 patients treated with curative intent
appeared most frequently at the primary tumour site (81%
of failures) (Supplementary Figure 2). Failure at the primary
tumour site was isolated in 69% of cases and was thus more
common than failure combined with either regional lymph
node or/and distant failure or isolated regional lymph node
or/and distant failure. The 5-year LRF was 38% (95% CI:
32–44%) (Figure 2(C)). Failure occurred in 109 patients (41%),
31 of whom were treated with successful salvage, which left
78 with ultimate failure (Figure 1).

Salvage consisting of surgery, either as monotherapy or in
combination with RT/chemoradiotherapy (CRT), was applied
to 58 patients (53% of failures). Of these, only five received
RT as monotherapy. Among all patients receiving salvage, 27
developed re-recurrence, whereas the other 31 patients with
primary failure remained disease-free. The latter consisted of
20 failures at the primary tumour site, two combined failure
at the primary tumour site and regional lymph node failure,
and nine isolated regional lymph node failures. Patients with
isolated regional lymph node failure, were characterised by
being node negative at time of primary treatment.
Squamous cell carcinoma was found in four patients, adeno-
carcinoma in three patients, small neuroendocrine carcinoma
in one patient and other histology in two patients. Four
patients had stage I disease, one patient had stage III disease

Table 1. Patient characteristics.

All patients Patients treated with curative intent Palliative treatment

(n ¼331) (n ¼ 264) (n ¼ 67)

n % n % n %

Age
0–65 162 49 150 57 12 18
65þ 169 51 114 43 55 82
Median age (years) 65 years 63 years 75 years

Gender
Male 209 63 170 64 39 58
Female 122 37 94 36 28 42

Head and neck cancer centre
Rigshospitalet, Copenhagen, Denmark 98 30 77 29 21 31
Herlev, Denmark 61 18 52 20 9 13
Odense, Denmark 73 22 66 25 7 11
Aarhus, Denmark 80 24 56 21 24 36
Aalborg, Denmark 19 6 13 5 6 9

Tumour site
Nasal cavity 203 61 177 67 26 39
Maxillary sinus 103 31 66 25 37 55
Frontal sinus 2 1 2 1 0 0
Sphenoid sinus 7 2 6 2 1 1
Ethmoid sinus 16 5 13 5 3 5

Histopathology
Squamous cell carcinoma 194 59 154 58 40 60
Adenocarcinoma 56 17 47 17 9 13
Undifferentiated carcinoma 18 5 10 4 8 12
Adenoid-cystic carcinoma 14 4 12 5 2 3
Carcinoma ex pleomorphic carcinoma 14 4 12 5 2 3
Neuroendocrine carcinoma 6 2 5 2 1 1
Small cell carcinoma 6 2 4 1 2 3
Esthesioneuroblastoma 15 5 15 6 0 0
Other histology 8 2 5 2 3 5

T classification
T1 63 19 56 21 7 10
T2 49 15 44 17 5 8
T3 40 12 36 13 4 6
T4 176 53 126 48 50 75
TX / N.E. 3 1 2 1 1 1

N classification
N0 276 83 236 89 40 60
Nþ 54 16 28 11 26 39
NX / N.E. 1 0 0 0 1 1

M classification
M0 318 96 264 100 54 81
M1 13 4 0 0 13 19

Stage
I 59 18 54 20 5 8
II 47 14 43 16 4 6
III 37 11 35 13 2 3
IV 185 56 130 49 55 82
N.E. 3 1 2 1 1 1

TNM classification: UICC 7th edition.
N.E.: not evaluable
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Figure 2. Estimates of overall survival in patients treated with either curative intent or palliative treatment/supportive care and all patients (A), competing risk-cor-
rected cumulative incidence estimates of locoregional failure by guidelines (B), competing risk-corrected cumulative incidence estimates of locoregional failure
(Primary LRF), and ultimate locoregional failure (Ultimate LRF) in patients treated with curative intent (C), cause-specific survival in patients treated with curative
intent (D) and competing risk-corrected cumulative incidence estimates of locoregional failure by stage (E), and treatment (F).
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and five patients had stage IV disease. The primary tumour
was located in the nasal cavity in nine patients. The 5-year
ULRF was 27% (95% CI: 21–33%) (Figure 2(C)). The results of
the univariate and multivariate Cox proportional hazard ana-
lysis for this endpoint are listed in Supplementary Table 1.

In the group of patients treated with a curative intent
(n ¼ 264), the 5-year DSM was 30% (95% CI: 24–36%) (Figure
2(D)) and the 5-year OS was 56% (95% CI: 49–62%) (Figure
2(A)). The results of the univariate and multivariate Cox pro-
portional hazard analysis for this endpoint are listed in Table
2 (all patients) and Table 3 (patients treated with a curative
intent). Age was associated with OS. Gender and histopath-
ology were not associated with any difference in LRF, DSM,
or OS.

Stage and tumour site were independent prognostic fac-
tors for all outcomes. Advanced stage at the time of diagno-
sis caused the incidence of LRF to increase (Stage IV [HR, 1.9
(95% CI: 1.0–3.7])) (Figure 2(E)). The DSM was increased in
patients with stage II disease (HR, 4.8 [95% CI: 1.3–18]), stage
III disease (HR, 6.5 [95% CI: 1.8–24]), and stage IV disease
(HR, 6.6 [95% CI: 2.0–22]). For patients with advanced stage
the OS was inferior; stage III (HR, 3.2 [95% CI: 1.6–6.6]) and
stage IV (HR, 3.1 [95% CI: 1.7–5.8]). Tumours originating in

the paranasal sinuses were associated with LRF (HR, 1.8 [95%
CI: 1.1–2.7]) (Supplementary Figure 1(B)), an increase in DSM
(HR, 1.9 [95% CI: 1.2–3.2]), and inferior OS (HR, 1.6 [95% CI:
1.1–2.4]) compared with tumours confined to the nasal cav-
ity. Univariate analysis showed no difference in LRF or OS
between monotherapies in cases treated with a curative
intent (Table 3). In contrast, a combined treatment approach
with surgery and either RT or C-RT were associated with LRF
(HR, 0.53 [95% CI: 0.30–0.92]) compared with surgery or RT
as monotherapy when adjusted for age, stage, tumour site,
histopathology, and treatment (Figure 2(F)).

Discussion

This large phase-4 prospective cohort study reporting the
outcome for 264 patients treated with a curative intent
showed that 24 patients (9%) were not treated in accordance
with the DAHANCA guidelines with regards to postoperative
RT. Non-compliance with the guidelines was associated with
LRF, and failure patterns showed that recurrence most com-
monly appeared at the primary tumour site.

A recent study of 1720 patients from the DCR performed
by Sj€ostedt et al. showed a stable incidence of sinonasal

Table 2. Overall survival in all patients.

Overall survival

Univariate Multivariate

n Events HR (95% CI) HR (95% CI)

All patients 331 187
Agea 1.03 (1.02–1.04)
0–65 162 62 1 (Ref.)
65þ 169 125 2.3 (1.7–3.1)

Gender
Male 209 117 1 (Ref.) 1 (Ref.)
Female 122 70 0.92 (0.68–1.2) 0.83 (0.61–1.1)

T classification
T1 63 21 1 (Ref.)
T2 49 19 1.5 (0.78–2.8)
T3 40 25 2.6 (1.5–4.8)
T4 176 120 3.4 (2.1–5.5)
TX / N.E. 3 2

N classification
N0 276 140 1 (Ref.)
Nþ 54 46 2.7 (1.9–3.7)
NX / N.E. 1 1

Stage
I 59 18 1 (Ref.) 1 (Ref.)
II 47 18 1.6 (0.84–3.2) 1.8 (0.89–3.5)
III 37 23 3.0 (1.6–5.6) 3.4 (1.8–6.5)
IV 185 126 3.9 (2.3–6.4) 3.1 (1.8–5.4)
N.E. 3 2

Tumour site
Nasal cavity 203 92 1 (Ref.) 1 (Ref.)
Sinus 128 95 2.5 (1.8–3.3) 1.7 (1.2–2.4)

Histopathology
Squamous cell carcinoma 194 111 1 (Ref.) 1 (Ref.)
Adenocarcinoma 56 30 0.80 (0.53–1.2) 0.74 (0.46–1.2)
Other 81 46 0.82 (0.58–1.2) 1.2 (0.82–1.8)

Treatment
Surgery 58 23 1 (Ref.) 1 (Ref.)
(Chemo)radiotherapy 82 45 1.2 (0.73–2.0) 0.78 (0.45–1.4)
Surgeryþ(chemo)radiotherapy 124 56 0.91 (0.56–1.5) 0.64 (0.38–1.1)
Palliative or supportive care 67 63 8.1 (5.0–13) 3.9 (2.2–6.8)

Hazard ratios (HRs) from uni and multivariate Cox regression.
N.E.: not evaluable; ref.: reference
aAge was included as a continuous variable in multivariate models of DSM and OS (HR per 1 year increase).
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carcinoma in Denmark from 1980 to 2014 and a significantly
improved relative survival rate from 1980–1984 to
2010–2014; however, like us, they found no improvement in
survival in the recent decades [6]. The study by Sj€ostedt et al.
was entirely descriptive and information on treatment and
TNM stage was missing [6]. These data, however, are
reported in this study, which is an important strength.
Especially TNM stage is a strong predictor of survival out-
come and therefore important when comparing cohorts.
Figure 1 illustrates that the cohorts are not comparable.
Hence, our validation showed that some patients in the DCR
did not represent sinonasal carcinoma but other malignan-
cies, and some patients in the DAHANCA database were not
registered in the DCR. Furthermore, Thorup et al. [7] reported
an improved 5-year OS in a consecutive cohort of patients
with sinonasal carcinoma diagnosed from 1995 to 2004 com-
pared with patients participating in an earlier DAHANCA
study by Grau et al. 1991 [4] covering the period of
1982–1991,. Regrettably, the study populations were not
comparable with regards to treatment intention and
included pathologies. Interestingly, neither our patients con-
sidered as a whole nor patients treated with a curative intent
achieved a better OS than the patients reported in the study
by Thorup et al. [7]. This is remarkable, first, as the very
motivation for introducing treatment guidelines was to
improve OS; second, as failure to abide by the current treat-
ment guidelines was associated with LRF.

The role of endoscopic endonasal surgery has expanded
over the past two decades [13–16]. This minimally invasive
approach has been shown to result in lower post-operative
morbidity and mortality than open transcranial surgery in
cases of anterior skull base-related tumours [2,17–21]. High-
precision RT has also evolved over the past decades; how-
ever, the critical normal tissue adjacent to the sinonasal
tumours poses a major challenge in target dose coverage
[22]. Intensity-modulated RT (IMRT) outperforms older techni-
ques by allowing shaping of the dose to the tumour target,
hence reducing normal tissue radiation and its associated
morbidity [23,24]. Proton therapy is also under consideration
as an alternative to IMRT because its physical properties
potentially enable further dose sparing to adjacent organs at
risk [25]. The positive effects of proton therapy on OS and
LRF have previously been reported in several studies [26–28].

The expected survival difference between single-modality
(surgery or RT) and combined modality treatment
approaches has been addressed in earlier studies [1,29]. The
differences reported could be due to selection bias, since
patients treated with RT alone might present with advanced-
stage disease where surgery was not an option. Another
recent cohort study described a significantly improved OS in
cases where multimodality treatment strategies had been
used [3].

Multimodality treatment regimens, including neoadjuvant
chemotherapy, are widely used in patients presenting with
advanced stage or recurrent disease [30,31]. The results of
the cohort study have been confirmed in a recent systematic
review by Morand et al., in which patients undergoing

multimodality treatment regimens showed an improved dis-
ease-specific survival compared with patients undergoing sin-
gle-modality treatment [32].

In our study of 331 patients, relapse primarily appeared at
the primary tumour site. The use of combined treatment
approaches was associated with LRF. This suggests, first, that
perhaps treatment at the primary tumour site should be
intensified and, second, that multimodality treatment strat-
egies may outperform single-modality treatment strategies in
advanced disease [7,33].

Recent retrospective cohort studies report 5-year OS rates
comparable to the rates reported in this study although
these included only squamous cell carcinoma [3,30].
However, they suggested a drift towards improved survival
in comparison with earlier results [1,34]. Another inter-
national study evaluating treatment outcomes over a period
of five decades showed no improvement in OS, but a
reduced rate of morbidity following treatment [35].

Most studies in this field of research are descriptive, and
systematic reviews are few. A recent systematic review on
sinonasal carcinoma by Rawal et al. [1] showed improved
survival measures compared with an earlier review by
Dulguerov et al. [36] conducted in 2001. However, the study
by Rawal et al. has some limitations, and the cohort is not
comparable to ours with respect to distribution of histopath-
ology and stage [35].

Patients with sinonasal carcinomas often present with
advanced-stage disease, which could be due to the rather
non-specific symptoms of this disease, often delaying diag-
nosis [33,34,37]. A total of 20% of the patients included in
our study were referred to palliative or supportive care. This
group differs in particular by their high median age (75 years)
and high rate of stage IV disease (82%), which may explain
why curatively intended treatment was not performed.
Guideline compliance and a combined treatment strategy
were associated with LRF and a trend towards improved sur-
vival measures. These results may be due to patient factors
such as age, comorbidity and performance status. However,
no particular difference in performance status was found in
our cohort, and age did not change the results when added
as a continuous covariate in the multivariate analysis of LRF.
The overall level of compliance with guidelines in each
centre was 88% or higher. Aalborg University Hospital
worked as an oncological subcentre, hence all patients were
discussed at a multi-disciplinary team meeting at Aarhus
University Hospital.

In 2017, the Danish sinonasal carcinoma guidelines were
renewed, and the guidelines now recommend that patients
presenting with stage II sinonasal carcinomas should be con-
sidered for a combined treatment strategy [38]. Since the
symptoms of sinonasal cancer are scarce and non-specific,
the diagnostic awareness among ear, nose, and throat spe-
cialists and general practitioners should be heightened. Early
diagnosis probably remains the most important parameter in
terms of survival, and the establishment of broad multidiscip-
linary teams is thus crucial for proper treatment planning.
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Conclusion

In conclusion, this phase-4 prospective cohort study showed
that compliance with guidelines reduced the incidence of
LRF and as a consequence increased OS. We found that fail-
ures primarily appeared at the primary tumour site. Tumour
site and stage proved to be independent prognostic factors,
and a combined treatment approach reduced LRF in multi-
variate analysis. Our results are comparable to those of inter-
national studies. Treatment of sinonasal carcinoma remains a
challenge which requires multidisciplinary team coordination.
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[17] Kılıç S, Kılıç SS, Baredes S, et al. Comparison of endoscopic and
open resection of sinonasal squamous cell carcinoma: a propen-
sity score-matched analysis of 652 patients. Int Forum Allergy
Rhinol. 2018;8(3):421–434.

[18] Manthuruthil C, Lewis J, McLean C, et al. Endoscopic endonasal
management of olfactory neuroblastoma: a retrospective analysis
of 10 patients with quality-of-life measures. World Neurosurg.
2016;90:1–5.

[19] de Almeida J, Su S, Koutourousiou M, et al. Endonasal endoscopic
surgery for squamous cell carcinoma of the sinonasal cavities and
skull base: oncologic outcomes based on treatment strategy and
tumor etiology. Head Neck. 2015;37(8):1163–1169.

[20] Olson SM, Hussaini M, Lewis JS. Frozen section analysis of mar-
gins for head and neck tumor resections: reduction of sampling
errors with a third histologic level. Mod Pathol. 2011;24(5):
665–670.

[21] Chiu AG, Ma Y. Accuracy of intraoperative frozen margins for
sinonasal malignancies and its implications for endoscopic resec-
tion of sinonasal melanomas. Int Forum Allergy Rhinol. 2013;3(2):
157–160.

[22] Mock U, Georg D, Bogner J, et al. Treatment planning comparison
of conventional, 3D conformal, and intensity-modulated photon
(IMRT) and proton therapy for paranasal sinus carcinoma. Int J
Radiat Oncol Biol Phys. 2004;58(1):147–154.

[23] Bossi P, Farina D, Gatta G, et al. Paranasal sinus cancer. Crit Rev
Oncol Hematol. 2016;98:45–61.

[24] Nutting CM, Morden JP, Harrington KJ, et al. Parotid-sparing
intensity modulated versus conventional radiotherapy in head
and neck cancer (PARSPORT): a phase 3 multicentre randomised
controlled trial. Lancet Oncol. 2011;12(2):127–136.

[25] Engelsman M, Schwarz M, Dong L. Physics controversies in pro-
ton therapy. Semin Radiat Oncol. 2013;23(2):88–96.

[26] Patel SH, Wang Z, Wong WW, et al. Charged particle therapy ver-
sus photon therapy for paranasal sinus and nasal cavity malig-
nant diseases: a systematic review and meta-analysis. Lancet
Oncol. 2014;15(9):1027–1038.

[27] Leeman JE, Romesser PB, Zhou Y, et al. Proton therapy for head
and neck cancer: expanding the therapeutic window. Lancet
Oncol. 2017;18:254–265.

[28] Dagan R, Bryant C, Li Z, et al. Outcomes of sinonasal cancer
treated with proton therapy. Int J Radiat Oncol Biol Phys. 2016;
95(1):377–385.

[29] Katz TS, Mendenhall WM, Morris CG, et al. Malignant tumors of
the nasal cavity and paranasal sinuses. Head Neck. 2002;24(9):
821–829.

[30] Par�e A, Blanchard P, Rosellini S, et al. Outcomes of multimodal
management for sinonasal squamous cell carcinoma. J Cranio-
Maxillofacial Surg. 2017;45(8):1124–1132.

[31] Fernstr€om E, Nyman J, Hammerlid E, et al. Results of preoperative
chemoradiotherapy for patients with advanced cancer of the
nasal cavity and paranasal sinuses. Acta Otolaryngol. 2017;
137(12):1292–1300.

[32] Morand GB, Anderegg N, Vital D, et al. Outcome by treatment
modality in sinonasal undifferentiated carcinoma (SNUC): a case-

ACTA ONCOLOGICA 341

https://www.dahanca.dk
https://www.dahanca.dk


series, systematic review and meta-analysis. Oral Oncol. 2017;75:
28–34.

[33] Hicsonmez A, Andrieu M, Karaca M, et al. Treatment outcome of
nasal and paranasal sinus carcinoma. J Otolaryngol. 2005;34(6):
379–383.

[34] Carrillo JF, G€uemes A, Ram�ırez-Ortega MC, et al. Prognostic fac-
tors in maxillary sinus and nasal cavity carcinoma. Eur J Surg
Oncol. 2005;31(10):1206–1212.

[35] Chen AM, Daly ME, Bucci MK, et al. Carcinomas of the paranasal
sinuses and nasal cavity treated with radiotherapy at a single

institution over five decades: are we making improvement? Int J
Radiat Oncol Biol Phys. 2007;69(1):141–147.

[36] Rawal RB, Farzal Z, Federspiel JJ, et al. Endoscopic resection of
sinonasal malignancy: a systematic review and meta-analysis.
Otolaryngol Head Neck Surg. 2016;155(3):376–386.

[37] Kraus D, Maghami E. Cancer of the nasal cavity and paranasal
sinuses. Am J Surg. 2004;4:411–424.

[38] Grau C, Ninn-Pedersen M, Kjeldsen AD, et al. Carcinoma of the
nasal cavity and paranasal sinuses. 2017. Available from: https://
www.dmcg.dk/siteassets/forside/kliniske-retningslinjer/godkendte-
kr/dahanca_sinonasalcancer_080719.pdf

342 M. V. FILTENBORG ET AL.

https://www.dmcg.dk/siteassets/forside/kliniske-retningslinjer/godkendte-kr/dahanca_sinonasalcancer_080719.pdf
https://www.dmcg.dk/siteassets/forside/kliniske-retningslinjer/godkendte-kr/dahanca_sinonasalcancer_080719.pdf
https://www.dmcg.dk/siteassets/forside/kliniske-retningslinjer/godkendte-kr/dahanca_sinonasalcancer_080719.pdf

	Abstract
	Introduction
	Material and methods
	Statistical analysis

	Results
	The cohort
	Treatment failure and survival

	Discussion
	Conclusion
	Disclosure statement
	Funding
	Orcid
	References


