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Simple Summary

Sinonasal undifferentiated carcinoma (SNUC) is a very rare and aggressive cancer that
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arises from the nasal cavity and paranasal sinuses. Due to its rarity, there are no established
standards of treatment. Patients often present with a disease that has advanced into adjacent
organs such as the eye and the brain, as well as distant spread into organs such as the liver
or lung. This study collected information from 485 patients from multiple countries across
three continents to examine treatment paradigms in several global centers of excellence,
studying factors that may influence patient survival. This study found that involvement
of the orbit and the presence of distant spread were associated with worse outcomes, and
found that traditional tumor classification and staging measures were less predictive. These
findings provide valuable insights into the need for redefining a staging system that may
more accurately prognosticate and stratify treatment escalation strategies.

Abstract

Background: Sinonasal undifferentiated carcinoma (SNUC) is an extremely rare, high-
grade, and aggressive tumor of the sinonasal tract. Due to the rarity of this malignancy,
current treatment guidelines are based on small and often/mainly single-center retrospec-
tive datasets. In the absence of a universally accepted standard of care for SNUC, treatment
approaches vary across countries and institutions, reflecting real-world clinical practice.
The primary aim of this study was to describe real-world treatment and outcomes for
patients with confirmed SNUC. Methods: This was an international, multi-center, retro-
spective, observational cohort study that pooled patients into the largest SNUC dataset
to date. Fifteen centers were enrolled to contribute data, including seven from Europe,
four from the United States, three from the United Kingdom, and one from Canada. In the
absence of a universally accepted standard of care for SNUC, treatment approaches varied
across countries and institutions, reflecting real-world clinical practice. Patients included
were those with histologically confirmed SNUC who were treated between 1997 and 2021.
Results: This study yielded 485 patients treated for SNUC. The median age at diagnosis
was 55.6 years (IQR: 44.5–67.6), and 63.7% were male. Most cases presented at advanced
stages, with 70.8% as T4a or T4b. Overall survival (OS) outcomes were available for 412 pa-
tients, with a median follow-up of 26.0 months. The 5- and 10-year OS were 47.2% (95% CI:
40.8–53.3%) and 39.6% (95% CI: 32.5–46.6%), respectively. Advanced age, dichotomized
T-stage (T4a/b vs. T1–3), M-stage, and orbital involvement were significant poor prognostic
factors on univariable analysis (p’s < 0.01). On multivariable analysis, orbital involvement
(HR: 2.73, 95% CI: 1.42–5.27, p = 0.003) and distance metastasis stage (HR: 3.00, 95% CI:
1.25–7.21, p = 0.014) were both independently associated with worse OS. Conclusions:
This observational study presents the largest multi-center cohort analysis of SNUC to date,
providing new insights into prognostic factors for a rare cancer treated at global centers of
excellence. Orbital involvement and the presence of metastases are candidate independent
risk factors associated with poorer OS.

Keywords: sinonasal undifferentiated carcinoma; SNUC; survival outcomes

1. Introduction
Sinonasal undifferentiated carcinoma (SNUC) is an extremely rare, high-grade, and ag-

gressive tumor of the sinonasal tract with an age-adjusted incidence of 0.02 per 100,000 peo-
ple per year in the United States [1]. SNUC is a diagnosis of exclusion, though it demon-
strates some histological and morphological similarity to other sinonasal neuroendocrine
tumors, such as olfactory neuroblastoma and neuroendocrine carcinoma. Additionally,
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immunohistochemical and molecular evaluation for NUT, SMARCB1, and SMARCA4
alterations is essential to exclude these important differential diagnoses [1–9].

Symptoms of SNUC initially overlap with those of benign sinonasal conditions, delay-
ing diagnosis, and when combined with the aggressive nature of SNUC, patients typically
present at an advanced stage, characterized by extensive local invasion, as well as locore-
gional and distant metastases compared to other sinonasal malignancies [2,3]. As such,
5-year overall survival for SNUC is usually below 50%, with reports as low as 20% [4–6].

Due to the rarity of this malignancy, guidelines are based on data from single-center
series or meta-analyses of public databases. Standard of care in most centers of excellence
includes multimodal management of disease; numerous studies report superior efficacy
of a multimodal approach compared to single modality treatment [2,4,7–9]. There are
two primary treatment paradigms. The first utilizes induction chemotherapy to assess
treatment response, followed by definitive chemoradiation in responders with or without
salvage surgery. Induction chemotherapy has been shown to be useful in selecting likely
responders for definitive chemoradiation [3,10].

The second paradigm starts with surgery with adjuvant radiation/chemoradiation [10].
Due to extra sinus involvement (brain, orbit) that is typical at presentation, negative margins
are difficult to achieve at surgical resection and, therefore, chemoradiation +/− prior
induction chemotherapy is usually offered.

Due to the rarity of this malignancy, guidelines are based on data from small case
series or meta-analyses of public databases. Multi-institutional real-world studies of rare
malignancies, such as SNUC, offer a pragmatic way to study outcomes and potentially offer
best practices yet to be published that might inform and optimize outcomes for patients.
This novel multi-center study retrospectively analyzes data from 15 centers on histologically
confirmed SNUC treated between 1997 and 2021.

2. Materials and Methods
2.1. Patients

We conducted a retrospective review of clinical data for patients treated between
1997 and 2021 from 15 international centers: The University of Texas MD Anderson Cancer
Center (Houston, TX, USA), the Johns Hopkins University School of Medicine (Baltimore,
MD, USA), the Mayo Clinic (Rochester, NY, USA and Phoenix, AZ, USA), Stanford Uni-
versity School of Medicine (Palo Alto, CA, USA), University of Manchester (Manchester,
UK), University of British Columbia (Vancouver, BC, Canada), University of Copenhagen
(Copenhagen, Denmark), Beaumont Hospital (Dublin, Ireland), Ludwig Maximilians Uni-
versity Hospital Munich (Munich, Germany), University College London (London, UK),
Central University Hospital of Asturias (Oviedo, Spain), University of Insubria (Varese,
Italy), Glasgow Royal Infirmary (Glasgow, Scotland, UK), Università degli Studi di Brescia-
ASST Spedali Civili di Brtescia (Brescia, Italy), and REFCOR (French Network of Rare Head
and Neck Tumors) (France).

Data collected include patient demographics (age and sex), disease characteristics
including tumor classification and stage, treatment details, and survival outcomes. IRB
approval was obtained from all institutions, with further approval for multi-center data
analysis from University College London IRB/Research Ethics Committee (UCL REC no.
9609/002).

2.2. Diagnoses and Treatment of SNUC

The date of diagnosis was defined as the date of biopsy. In all patients, the histopatho-
logical diagnosis was conducted by pathologists with expertise in the field. Patients were
treated by their respective institution’s clinical practice, and all institutions involved are
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tertiary-level centers of excellence with longstanding experience in the diagnosis and
management of this disease.

2.3. Statistical Analysis and Clinical Data

The primary aim of this study was to describe the current real-world clinical practice
and investigate clinical outcomes in patients with confirmed SNUC. The primary endpoint
is overall survival (OS), calculated from the date of diagnosis and censored at the date last
known to be alive. OS was defined using the Kaplan–Meier method and log-rank tests.
Univariable and Multivariable Cox proportional hazards regression analyses were per-
formed to estimate hazard ratios (HRs), 95% confidence intervals (CIs), and corresponding
p-values.

Multivariable analysis was conducted in two stages to evaluate prognostic and
treatment-related factors while appropriately adjusting for potential confounders (where
available). This modeling approach was chosen to be able to assess the impact of baseline
prognostic factors as well as treatment effects, whilst allowing for the limitations of missing
data in the sample.

Stage 1—Identification of Prognostic Covariates:
Univariable Cox proportional hazards regression was first used to explore the associa-

tions between baseline clinical and pathological characteristics and OS. Variables with a
significance level of p < 0.05 were selected for inclusion in a multivariable model to assess
independent prognostic factors of OS.

Stage 2—Evaluation of Treatment Effects:
Post-diagnosis treatment-related variables were evaluated for associations with OS

both in the univariable setting and then in the multivariable setting, adjusting for the
independent prognostic factors identified in Stage 1.

Analyses were conducted using available-case data, and sample sizes for each variable
were reported. While multiple imputation was considered, the small sample size and high
proportion of missing data for key variables meant that imputation could introduce bias
and offer limited improvement; therefore, we proceeded with available-case analyses.

3. Results
3.1. Patient Characteristics

A total of 485 patients with SNUC were included. 63.7% (n = 309) were male, and
the median age at diagnosis was 55.6 years (IQR: 45.5–67.0). Two-thirds of cases were
T4a or T4b (70.8%, 206/291), and most did not exhibit nodal involvement (80.3% N0,
147/183). Distant metastasis at presentation was rare (2.7%, 7/261). Almost half of the
tumors involved the paranasal sinuses (48.0%, 233/412), with the ethmoid sinuses being
the most commonly involved (58.9%, 109/185). Dural and orbital invasion were present in
59.9% (118/197) and 49.6% (127/256) of cases, respectively (Table 1).

Table 1. Frequency of clinical characteristics at presentation.

Clinical Characteristic No. (%) of
Total Patients

Patients with Survival
Data Available, No. (%)

Age, Years Median (IQR) 55.6 years (45.5–67.0) 55.6 years (45.5–67.6)

Gender
Male 309 (63.7%) 263 (63.8%)

Female 176 (36.3%) 149 (36.2%)
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Table 1. Cont.

Clinical Characteristic No. (%) of
Total Patients

Patients with Survival
Data Available, No. (%)

T-classification

T1 22 (7.6%) 9 (3.4%)

T2 32 (11.4%) 27 (10.2%)

T3 31 (10.7%) 30 (11.3%)

T4a/T4b 206 (70.8%) 200 (75.2%)

N-classification
N0 147 (80.3%) 142 (80.2%)

N1 or Greater 36 (19.7%) 35 (19.8%)

M-classification
M0 254 (97.3%) 248 (97.3%)

M1 7 (3.8%) 7 (2.7%)

Sinus Involvement
Nasal Cavity Only 179 (43.4%) 168 (43.0%)

Sinus Involvement 233 (56.6%) 223 (57.0%)

Sinus Affected

Ethmoid 109 (58.9%) 108 (59.3%)

Maxillary 49 (26.5%) 48 (26.4%)

Frontal 11 (5.9%) 10 (5.5%)

Sphenoid 16 (8.6%) 16 (8.8%)

Neck Disease
Yes 35 (22.4%) 34 (22.2%)

No 121 (77.6%) 119 (77.8%)

Orbital Involvement
No 129 (50.4%) 123 (50.4%)

Yes 127 (49.6%) 121 (49.6%)

Dural Invasion
No 79 (40.1%) 75 (41.0%)

Yes 118 (59.9%) 108 (59.0%)

Underwent Surgery
Yes 167 (50.6%) 160 (50.0%)

No 163 (49.4%) 160 (50.0%)

Induction Chemotherapy
Yes 132 (54.1%) 127 (54.2%)

No 112 (45.9%) 107 (45.7%)

Adjuvant Radiotherapy
Yes 192 (85.3%) 106 (77.4%)

No 33 (14.7%) 31 (22.6%)

Adjuvant Chemotherapy
Yes 141 (62.7%) 138 (63.6%)

No 84 (37.3%) 79 (36.4%)

Neoadjuvant Chemoradiotherapy/
Radiotherapy

Yes 46 (32.2%) 44 (32.6%)

No 97 (67.8%) 91 (67.4%)

Immunotherapy
Yes 7 (4.6%) 7 (2.1%)

No 145 (95.4%) 142 (95.3%)

3.2. Patient Outcomes and Prognostic Factors

After a median follow-up of 26.0 months (IQR: 11–63 months), 43.4% (179/412) of
patients had died. The 1-, 3-, 5- and, 10-year OS rates were 77.1% (95% CI: 72.0–81.4%),
55.3% (95% CI: 49.2–61.0%), 47.2% (95% CI: 40.8–53.3%), and 39.6% (95% CI: 32.5–46.6%),
respectively (Figure 1). Overall, 37.8% (n = 129/341) of patients relapsed with a median
time to recurrence of 12.0 months (IQR: 7.0–19.0). Distant recurrences were frequent (42.4%,
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39/92), and local recurrences occurred in 26.1% (24/92) of cases. A total of 20.7% (19/92) of
patients experienced local, regional, and distant recurrence.

With univariable analysis, age, dichotomized tumor classification (T4 vs. T1–3), pres-
ence of metastases, and orbital involvement were significantly associated with prognosis
as it pertains to overall survival (p < 0.05; Table 2). These variables were subsequently
included in the primary multivariable model. Orbital involvement (HR: 2.73, 95% CI:
1.42–5.27, p = 0.003) (Table 2, Figure 2), M-classification (HR: 3.00, 95% CI: 1.25–7.21,
p = 0.014), and age (HR: 1.02, CI: 1.01–1.04, p = 0.028) remained independent prognostic
variables on multivariable analysis (Table 2, Figure 3). There was almost a two-fold increase
in risk for T4 compared to T1-3, although this did not reach statistical significance in the
smaller sample size (HR: 1.72, 95% CI: 0.77–3.83, p = 0.184).

Figure 1. Overall survival.

Figure 2. Kaplan–Meier curves for overall survival according to orbital invasion at presentation. Solid
line = orbital invasion at presentation; dashed line = no orbital invasion at presentation. Numbers at
risk at 12-month intervals are shown below the x-axis.
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Table 2. Univariable and Multivariable Cox regression overall survival analyses of clinical and
tumor characteristics.

Overall Survival
Univariable
(n)

Overall Survival
Univariable
(HR, 95% CI, p)

Overall Survival
Multivariable *
(n)

Overall Survival
Multivariable *
(HR, 95% CI, p)

Age 314 HR: 1.03, 95% CI:
1.02–1.04, p < 0.001 158 HR: 1.02, 95% CI:

1.01–1.04, p = 0.028
Sex
(Female versus Male) 318 HR: 0.98, 95% CI:

0.84–1.14, p = 0.771 N/A N/A

Sinus Involvement
versus Nasal Cavity Only 297 HR: 1.26, 95% CI:

0.93–1.72, p = 0.14 158 N/A

Neck Disease
(reference: none) 152 HR: 0.99, 95% CI:

0.55–1.80, p = 0.973 N/A N/A

Orbital Involvement
(reference: none) 166 HR: 2.49, 95% CI:

1.62–3.84, p < 0.001 158 HR: 2.73, 95% CI:
1.42–5.27, p = 0.003

Dural Invasion
(reference: none) 152 HR: 1.18, 95% CI:

0.73–1.92, p = 0.501 N/A N/A

T-classification
(<T4 versus T4) 181 HR: 2.21, 95% CI:

1.22–4.00, p = 0.009 158 HR: 1.720, 95% CI:
0.773–3.82, p = 0.184

N-classification
(N0 versus ≥N1) 172 HR: 1.04, 95% CI:

0.59–1.82, p = 0.901 N/A N/A

M-classification
(M0 versus M1) 197 HR: 4.83, 95% CI:

2.19–10.65, p < 0.001 158 HR: 3.00, 95% CI:
1.25–7.21, p = 0.014

* Model: Overall Survival ~ Age + Sinus Involvement + Orbital Involvement + M-Stage + T-Stage. Bold formatting
highlights results that are statistically significant (p < 0.05).

Figure 3. Kaplan–Meier curves for overall survival according to metastases at presentation. Solid
line = metastases at presentation; dashed line = no metastases at presentation. Numbers at risk at
12-month intervals are shown below the x-axis.

3.3. Treatment-Based Outcomes

Treatment information was accessible for 330 patients (Table 1). Surgery was reported
in 50.6% of cases with available data (167/330), induction chemotherapy in 54.1% (132/244),
and adjuvant chemotherapy in 62.7% (141/225). Adjuvant radiotherapy was administered
in 85.3% of cases (192/225). Immunotherapy and neoadjuvant chemotherapy or chemora-
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diotherapy (alongside surgery) were less frequently used, reported in 4.6% (7/152) and
32.2% (46/143) of patients, respectively.

Among 210 patients with available data on radiation modality, Intensity-Modulated
Radiation Therapy (IMRT) was the most common (134/210, 63.8%), followed by proton
therapy (36/210, 17.1%), 3D conformal radiotherapy (29/210, 13.8%), radiotherapy com-
bined with Stereotactic Radiosurgery (SRS) (7/210, 3.3%), and 2D radiotherapy (4/210,
1.9%). Radiation dose information was available for 223 patients, of whom 162/223 (72.6%)
received >60 Gy and 61/223 (27.4%) received ≤60 Gy.

Univariable analysis included IMRT versus 3D radiotherapy (HR: 0.40, 95% CI:
0.24–0.66, p < 0.001) and proton therapy versus 3D radiotherapy (HR: 0.22, 95% CI: 0.08–0.59,
p = 0.003), whilst receiving surgery was associated with worsening survival (HR: 0.22, 95%
CI: 0.08–0.59, p = 0.003). In multivariable analysis, adjusting for independent baseline prog-
nostic factors by including orbital involvement and presence of metastases in each model,
treatment effects remained in the same direction, but none reached statistical significance
due to the reduction in sample size due to missing data (Table 3).

Of the 485 patients included in the study, 228 had available data on both induction
chemotherapy (IC) and overall survival. The 5-year OS rate was 54.6% (95% CI: 44.6–64.6%)
in patients who received IC compared to 48.7% (95% CI: 37.7–59.7%) in those who did not
(HR = 0.79, 95% CI: 0.53–1.17, p = 0.24) (Figure 4).

Figure 4. Kaplan–Meier curves for overall survival according to induction chemotherapy status.
Solid line = no induction chemotherapy; dashed line = induction chemotherapy. Numbers at risk at
12-month intervals are shown below the x-axis.

Table 3. Univariable and Multivariable Cox regression overall survival analyses of treatment
characteristics.

Overall Survival
Univariable
(n)

Overall Survival
Univariable
(HR, 95% CI)

Overall Survival
Multivariable *
(n)

Overall Survival
Multivariable *
(HR, 95% CI)

Radiation dose
(<60 versus >60 Gy) 217 HR: 1.01, 95% CI:

0.64–1.59, p = 0.98 N/A N/A

Surgery
(reference: none) 261 HR: 1.24, 95% CI:

0.87–1.77, p = 0.236 N/A N/A
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Table 3. Cont.

Overall Survival
Univariable
(n)

Overall Survival
Univariable
(HR, 95% CI)

Overall Survival
Multivariable *
(n)

Overall Survival
Multivariable *
(HR, 95% CI)

Induction Chemotherapy
(reference: none) 228 HR: 0.79, 95% CI:

0.53–1.17, p = 0.237 N/A N/A

Adjuvant Radiotherapy
(reference: none) 157 HR: 0.64, 95% CI:

0.39–1.06, p = 0.085 N/A N/A

Adjuvant Chemotherapy
(reference: none) 157 HR: 0.91, 95% CI:

0.60–1.38, p = 0.67 N/A N/A

Immunotherapy
(reference: none) 148 HR: 0.93, 95% CI:

0.65–1.33, p = 0.693 N/A N/A

IMRT versus 3D 158 HR: 0.40, 95% CI:
0.24–0.66, p < 0.001 89 HR: 0.65, 95% CI:

0.23–1.87, p = 0.424

Proton Beam Therapy versus 3D 61 HR: 0.22, 95% CI:
0.08–0.59, p = 0.003 37 HR: 0.37, 95% CI:

0.10–1.43, p = 0.150

Proton Beam Therapy versus IMRT 162 HR: 0.53, 95% CI:
0.21–1.34, p = 0.182 N/A N/A

* Model: Overall Survival ~ Orbital Involvement + M-Stage + [treatment variable, one-at-a-time]. Bold formatting
highlights results that are statistically significant (p < 0.05).

4. Discussion
Here, we present clinical data from 485 primary cases of SNUC with follow-up infor-

mation for 412 patients, representing the largest multi-center study reported to date. The
5-year overall survival in this cohort was 47.2%, which is consistent with previous reports,
including a recent case series of 40 patients reported by Gamez et al. [4]. However, survival
rates have been reported to range from as high as 74% to as low as 20%, suggesting the
high heterogeneity of this tumor type and the need for molecular characterization [4–14].

Orbital involvement was present in about half of the patients. This largely aligns with
recently published studies [2,15]. Crucially, of the clinicopathological factors assessed in
the present study, orbital involvement was most significant and substantially detrimental
to overall survival. Indeed, the impact of T-classification was reduced after adjusting
for orbital involvement and metastatic disease, which aligns with a recent meta-analysis,
where no difference in cumulative overall survival was observed between low- and high-
tumor classification malignancy [16]. Orbital involvement and the presence of metastases
were independent risk factors associated with poorer outcomes, but T and N classification
did not show a strong association in multivariable analysis. This suggests that orbital
involvement may possibly be a more significant prognostic factor than traditional TNM
classification and overall stage. Saraswathula et al. demonstrated comparable rates of
orbital involvement at presentation, aligning with our findings and reflecting the aggressive
nature of SNUC [17]. Although Saraswathula et al. showed that orbital extension of
recurrent/metastatic SNUC was not associated with prognosis, it was, however, linked
to a higher probability of recurrent disease following treatment [17]. Therefore, there
may be a role for more aggressive treatment modalities in this subgroup of patients with
orbital involvement. Orbital involvement should be considered an important factor in the
treatment planning of SNUC. The data supports that orbital involvement represents an
important factor.

After adjusting for baseline prognostic factors, no treatment modality was found to
offer superior survival outcomes, with strong evidence given the small sample size available
for multivariable analysis of treatment effects. However, receiving adjuvant radiotherapy
approximately halved the risk, but with a wide confidence interval; similarly, modern
radiotherapy techniques may be associated with longer survival. Data also suggested
that surgery may lead to an increased risk. The role of aggressive surgery, such as orbital
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exenteration, remains controversial [17], with some studies demonstrating limited utility
and significant associated morbidity [18–23], while others show positive effects on overall
survival and recurrence-free survival. Therefore, further research is needed to aid in clinical
decision-making [21].

In recent years, there has been a trend toward the use of definitive chemoradiation with
or without induction chemotherapy instead of surgery as a first-line treatment. This may
be due to the extensive local invasion of the tumor that renders the attainment of negative
margins infeasible, as well as the morbidity associated with aggressive surgical approaches.
Studies suggest that outcomes with the two approaches are comparable, although the
evidence remains limited [8]. In the present study, there was no strong evidence of a
difference in survival outcomes for these two approaches. This implies that definitive
chemoradiation may be more suitable, particularly for surgically complex cases. Indeed, in
a recent study of the French Network of Rare Head and Neck Cancers (REFCOR) cohort,
surgery did not appear to lead to better outcomes [15].

Regarding induction chemotherapy prior to definitive chemoradiation, Amit et al. and
London et al. have previously demonstrated efficacy prior to definitive treatment [3,10].
Of note, IC has been shown to enable the selection of patients who are likely to respond
to definitive chemoradiotherapy [10]. The role of induction chemotherapy as treatment
selection for further locoregional therapy may also offer a tailored approach, giving the
possibility to increase ocular preservation and to offer survival benefits [24]. In a study of
forty-two sinonasal cancer patients, induction chemotherapy was shown to be prognostic
of overall response to treatment [24]. Furthermore, Takahashi et al. identified thirty-four
differentially expressed genes, which may further identify patients who are more likely
to respond [24]. In contrast, the latest analysis of the REFCOR cohort and similar studies
have not demonstrated differences in survival outcomes with the addition of induction
chemotherapy in any setting [15,25]. This was similarly observed in a recent analysis of the
National Cancer Database [20,22].

Alternative treatment strategies may involve targeted treatment specific to SNUC
subtypes [17]. Isocitrate dehydrogenase 2 (IDH2) mutations are found in subtypes of
SNUC, with ongoing trials evaluating the efficacy of IDH2-targeted agents, which may
clarify their clinical utility and scope [23]. Further studies will be needed to determine
how these agents may be used to complement current treatment modalities. Additionally,
combined immunotherapy strategies, such as anti-programmed death-ligand agents and
IL-15-stimulated interferon gamma release from NK cells, have demonstrated a 9.6-fold
enhancement in natural killer cell-mediated killing of SNUC cells in pre-clinical models [22].
However, these approaches require further investigation beyond pre-clinical trials.

5. Limitations
We acknowledge several limitations in this study. First, its retrospective observational

design introduces the possibility of selection bias and residual confounding. As with
all non-randomized cohort studies, the ability to draw causal inferences is limited, and
associations observed may be influenced by unmeasured or uncontrolled confounders.
Second, although the multi-center design allowed for a broader representation of practice,
it also introduced variability in clinical reporting, diagnosis, and treatment approaches.
Despite considerable efforts to standardize data collection and ensure consistency, inter-
center differences were unavoidable. Propensity score adjustment was not possible owing
to missing data in critical treatment and baseline variables, precluding reliable estimation
of treatment assignment. In addition, analysis of disease-free survival and recurrence-free
survival was not feasible because recurrence data and dates were inconsistently reported
across centers, precluding reliable time-to-event analyses for these outcomes. Moreover,
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the retrospective, multi-center nature of this study limited data completeness. Surgical
procedures were not uniformly sub-classified into primary, neoadjuvant, or salvage settings,
and all surgical cases are presented collectively. The same also prevented stratified analyses
of induction chemotherapy, followed by definitive treatment. These factors may impact the
interpretation of treatment-based outcomes.

Furthermore, a significant limitation here, which is common in such studies, is the
extent of missing data. While we aimed to include all relevant variables in multivariable
analysis, this led to a substantial reduction in sample size. Incomplete and non-overlapping
availability of TNM staging and orbital involvement data across centers precluded the
development of an updated TNM classification system. Nevertheless, this study provides
a template of essential clinical, radiologic, and molecular variables to guide future work
in rare sinonasal malignancies and underscores the importance of structured, prospective
data collection for refining staging and prognostic models. Nevertheless, our study is the
largest cohort of this rare disease reported to date, so associations can be estimated with
reasonable precision, and the robustness of these effects has been explored in adjusted
models. It is possible that data were not missing at random; missingness may have
been related to key clinical factors or outcomes, which could introduce bias and limit
the generalizability and reliability of the results. Also, a temporal analysis could not be
performed due to incomplete or inconsistent documentation of treatment dates across
participating centers, limiting our ability to assess changes in clinical practice or outcomes
over time. This is relevant given the evolving treatment landscape for SNUC, as we
still observe varying treatment approaches between institutions and countries. Finally,
this study did not incorporate molecular profiling. Recent evidence suggests that SNUCs
consist of biologically distinct molecular subgroups with different prognoses and potentially
varying treatment responses [26–28]. Integration of molecular data was beyond the scope
of this study but represents an important area for future research. Studies that link clinical
outcomes with molecular characteristics may help clarify whether treatment effectiveness
differs across subgroups.

6. Conclusions
In conclusion, this real-world observational study represents the largest international

collaboration and multi-center multinational analysis of SNUC to date, providing valuable
insights into prognostic factors, treatment approaches, and survival outcomes. Orbital
involvement emerged as a strong independent prognostic factor for overall survival, out-
performing traditional TNM classification and stage in prognostic value. These findings
highlight the need to incorporate additional parameters beyond traditional TNM classifica-
tion and stage to more accurately inform patient prognosis and guide treatment strategies
in SNUC. Additionally, more extensive treatment beyond traditional strategies may be
warranted in cases with orbital involvement. Further research is needed to evaluate the
potential role of targeted treatments in these patients.
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