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Abstract
Background  Maxillary sinus squamous cell carcinoma (MS-SCC) is an infrequent malignancy, and determining the 
optimal neck management for patients with cT3/4N0 MS-SCC remains a topic of ongoing debate. The purpose of this 
study was to compare the prognoses and quality of life outcomes of patients who underwent either elective neck 
dissection (END) or elective neck irradiation (ENI) for cT3/4N0 MS-SCC.

Methods  In this retrospective study, we enrolled patients with surgically treated cT3/4N0 MS-SCC, and the impact 
of different neck management strategies on regional control and disease-specific survival was compared using 
propensity score matching. The effect of surgical intervention on quality of life was evaluated using the Mann-
Whitney U test.

Results  Of the 120 patients included, 36 underwent END. After propensity score matching, our analysis indicated 
that END did not lead to superior outcomes than ENI, as demonstrated by comparable rates of regional control 
(p = 0.990) and disease-specific survival (p = 0.999). However, in the 70 returned questionnaires, patients who 
underwent END reported higher scores in the domains of appearance, chewing, and speech than did patients who 
underwent ENI.

Conclusions  Our findings suggest that while END and ENI contribute to similar prognoses, END yields superior 
functional outcomes.
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Introduction
Maxillary sinus squamous cell carcinoma (MS-SCC) is a 
rare malignancy, but it is the most common tumor of the 
paranasal sinuses. Due to early non-specific symptoms, 
it is often diagnosed at an advanced stage [1]. The cura-
tive treatment options for MS-SCC include primary site 
resection, with or without neck treatment, but optimal 
neck management for cT3/4N0 MS-SCC remains contro-
versial [2].

While the NCCN guidelines indicate observation as 
a viable option, studies have shown the development of 
occult metastasis in a considerable percentage of cases 
[3], indicating that active intervention is necessary. 
Numerous studies have shown that elective neck treat-
ment yields better cancer control and longer survival than 
observation alone [4–10]. However, it remains unclear 
whether there is a difference in prognosis between elec-
tive neck dissection (END) or elective neck irradiation 
(ENI). Furthermore, potential adverse impacts on quality 
of life (QoL) resulting from neck management - such as 
shoulder dysfunction following END or xerostomia after 
ENI - need to be considered [11].

Therefore, our objective is to compare the progno-
sis and QoL of patients who undergo END or ENI for 
cT3/4N0 MS-SCC.

Methods
Ethical approval
This study was approved by Shaoxing People Hospital 
Institutional Research Committee, and written informed 
consent for medical research was obtained from all 
patients before starting the treatment. All methods were 
performed in accordance with the relevant guidelines 
and regulations.

Study design
Between January 2010 and December 2022, retrospec-
tive review of medical records was conducted for patients 
with primary MS-SCC treated by extended radical maxil-
lectomy. The inclusion criteria were as follows: confirma-
tion of stage cT3/4N0 using the 8th AJCC system, having 
undergone END or ENI, and availability of follow-up 
data for at least two years. Patients with a prior history of 
cancer were excluded. Data pertaining to demographics, 
pathology, treatment, and follow-up were collected and 
analyzed.

The Chinese version of the University of Washington 
Quality of Life (UW-QoL) questionnaire [12] was admin-
istered to each patient via email, post, clinic, telephone, 
or other forms of communication between January 2017 
and December 2022.

UW-QoL questionnaire
The UW-QoL scale consists of 12 single-question 
domains, each with 3 to 6 response options, evenly scaled 
from 100 (best) to 0 (worst) according to the hierarchy of 
response. The domains assessed were pain, appearance, 
activity, recreation, swallowing, chewing, speech, shoul-
der function, taste, saliva production, mood, and anxiety. 
A higher score on this scale indicates a better quality of 
life for the patient.

Variable definition
The determination of cT3/4 was based on CT or MRI 
scans, while cN0 referred to the absence of clinically 
positive lymph nodes (LNs) as evaluated by ultrasound, 
CT, or MRI or PET/CT. The differentiation grade was 
categorized as well, intermediate, or poor. The presence 
of cancer cells within the lymphatic system was classified 
as lymphovascular invasion (LVI), while positive cancer 
cells within a nerve were defined as perineural invasion 
(PNI). The presence of cancer cells outside the LN cap-
sule was considered extranodal extension (ENE).

Primary outcome variables were regional control (RC) 
and disease specific survival (DSS), time of RC was calcu-
lated from the date of surgery to the date of first regional 
recurrence or last follow-up, time of DSS was calculated 
from the date of surgery to the date of cancer caused 
death or last follow-up. The secondary outcome variable 
was the score obtained for each domain in the UW-QoL 
questionnaire.

Treatment principle
In our cancer center, the treatment approach for indi-
viduals with cT3/4N0 MS-SCC typically involves a com-
bination of surgery and radiation administered either 
before, after, or both before and after the primary surgi-
cal intervention. Primary tumor excision was attempted 
with a minimum 1  cm margin and reconstruction with 
flap was performed as needed, margin of soft tissue was 
determined using frozen section analysis, while the mar-
gin of bone was evaluated based on intraoperative find-
ings. Adjuvant chemotherapy was suggested if there was 
presence of positive margin or ENE. A cN0 neck was 
treated with either END or ENI. The neck dissection pro-
cedure involved a minimum of level I-III/IV, with adju-
vant radiotherapy performed when there was pathologic 
metastasis detected. Radiation fields for ENI consisted 
of at least ipsilateral level I-III/IV, while the contralateral 
neck was excluded.

Statistic analysis
Clinicopathological variables were assessed utilizing the 
Chi-square test between END and ENI groups. The pri-
mary outcome variable evaluated the impact of differ-
ent neck management approaches on RC and DSS using 
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both univariate and Cox model analyses. The indepen-
dent variables were further calculated using propensity 
score matching (PSM) at a 1:1 ratio between the END 
and ENI groups. Outcomes were presented in the form of 
a hazard ratio (HR) with a 95% confidence interval (CI). 
Comparison of quality of life (QoL) between the END 
and ENI groups - the secondary outcome variable - was 
conducted via the Mann-Whitney U test. All statistical 
analyses were carried out using R 3.4.3. A p-value below 
0.05 was considered statistically significant.

Results
Baseline data
Altogether, 120 individuals with an average age of 50 ± 15 
years were encompassed in the study, of whom 87 were 
male and 33 were female. PNI and LVI were observed in 
43 and 33 subjects, respectively. Moreover, 16 individuals 
were classified as having well-differentiated tumors, 69 
as having intermediate differentiation, and 35 as having 
poor differentiation. Notably, 47 cases were found to have 
positive margins following maxillectomy. The END and 
ENI groups exhibited comparable distribution of these 
clinicopathological variables (Table 1).

In the END group, fibula flap or anterolateral flap was 
utilized for maxillary reconstruction in 15 patients. Out 
of these, occult metastasis was found in 4 patients, with 
all positive LNs localized in level IIa and no evidence of 
ENE. Additionally, these 4 patients demonstrated poor 
differentiation and LVI. On the other hand, in the ENI 

group, all maxillary resections were performed without 
free flap reconstruction.

Over a median follow-up period of 3.2 years (range: 
0.2–7.7 years), a total of 70 recurrences were identified, 
consisting of 63 local recurrences, 5 locoregional recur-
rences, and 2 regional recurrences. Additionally, there 
were 65 cancer-related deaths.

Survival analysis
Univariate analysis revealed that differentiation and mar-
gin status were correlated with both RC and DSS, while 
PNI and LVI were found to be associated with DSS. These 
significant factors were subsequently incorporated into 
the Cox model. However, both END and ENI procedures 
exhibited a similar impact on RC and DSS, and neither 
age nor adjuvant chemotherapy were found to influence 
RC or DSS (Table 2).

In the multivariate analysis, a positive margin emerged 
as the most significant prognostic factor, with a HR of 
3.22 [1.87–8.64] for RC and 9.03 [3.22–30.76] for DSS, as 
compared to well differentiation, intermediate differen-
tiation carried comparable HRs for RC (1.75 [0.54–8.11]) 
and DSS (1.84 [0.65–4.78]), while poor differentiation 
was linked with a two-fold increased risk of recurrence 
(2.09 [1.43–7.29]) and a three-fold elevated risk of can-
cer-related mortality (3.26 [1.71–8.96]). Furthermore, the 
presence of LVI was associated with an additional one-
fold possibility of death (1.92 [1.31–5.42]). (Table 3)

PSM analysis
To mitigate the potential impact of confounding vari-
ables, PSM analysis was conducted using variables of LVI, 
differentiation, and margin status. In total, 66 patients 
(33 in each group) were included. The results indicated 
that END did not yield superior outcomes compared to 
ENI, as evidenced by comparable rates of RC (p = 0.990) 
and DSS (p = 0.999). (Fig. 1; Table 4).

QoL
Out of a total of 120 questionnaires distributed, 70 were 
returned, giving a response rate of 58.3%. Among these, 

Table 1  Comparison of clinicopathologic variables between 
elective neck dissection (END) and elective neck irradiation (ENI) 
groups
Variable END (n = 36) ENI (n = 84) p
Age
  <50 17 48
  ≥50 19 36 0.318
Sex
  Male 27 60
  Female 9 24 0.688
PNI*
  Yes 13 30
  No 23 54 0.967
LVI^
  Yes 12 21
  No 24 63 0.349
Differentiation
  Well 5 11
  Intermediate 20 49
  Poor 11 24 0.960
Margin
  Positive 15 32
  Negative 21 52 0.713
*PNI: perineural invasion; ^LVI: lymphovascular invasion;

Table 2  Univariate analysis of predictors for regional control (RC) 
and disease specific survival (DSS)
Variable RC DSS
Age (≥ 50 vs. < 50) 0.428 0.276
Sex (Male vs. Female) 0.153 0.398
PNI* (Yes vs. No) 0.187 0.006
LVI^ (Yes vs. No) 0.215 0.003
Differentiation (Poor vs. intermediate vs. well) 0.011 0.002
Margin (Positive vs. negative) < 0.001 < 0.001
Neck management (END vs. ENI)# 0.135 0.432
Adjuvant chemotherapy (Yes vs. No) 0.638 0.354
*PNI: perineural invasion; ^LVI: lymphovascular invasion; # END: elective neck 
dissection; ENI: elective neck irradiation
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20 questionnaires were completed by participants in the 
END group, while the remaining 50 were completed by 
individuals in the ENI cohort. The END group achieved 
significantly higher scores in appearance (60 ± 21), chew-
ing (74 ± 14), and speech (70 ± 15), as compared to the 
ENI group (p = 0.016, p = 0.007, and p = 0.011, respec-
tively). The two groups showed comparable scores in 
other domains (all p > 0.05). (Table 5)

Discussion
Undoubtedly, our most significant discovery was that 
cT3/4N0 MS-SCC typically portended a poor prognosis, 
with death often being the result of local invasion, while 
regional recurrence was relatively infrequent. Although 
END did not prove advantageous in terms of RC or DSS 
when compared to ENI, it did offer superior outcomes 
with respect to appearance, chewing, and speech. Our 
findings have practical implications for the development 
of a more effective treatment plan for cT3/4N0 MS-SCC, 

aiding clinicians in providing optimal care for their 
patients.

The challenge of treating cT3/4N0 MS-SCC is fur-
ther compounded by its low incidence, as well as ongo-
ing debates regarding optimal neck management despite 
widespread agreement on primary tumor resection. 
Historically, due to the assumed low incidence of occult 
metastasis, emphasis was placed on local control, though 

Table 3  Multivariate analysis of predictors for regional control 
(RC) and disease specific survival (DSS)
Variable RC DSS

p HR [95%CI] p HR [95%CI]
PNI*
  No Ref
  Yes 0.108 2.20 [0.78–7.19]
LVI^
  No Ref
  Yes 0.023 1.92 [1.31–5.42]
Differentiation
  Well Ref Ref
  Intermediate 0.367 1.75 [0.54–8.11] 0.286 1.84 [0.65–4.78]
  Poor 0.014 2.09 [1.43–7.29] 0.002 3.26 [1.71–8.96]
Margin
  Negative Ref Ref
  Positive 0.008 3.22 [1.87–8.64] < 0.001 9.03 [3.22–30.76]
*PNI: perineural invasion; ^LVI: lymphovascular invasion; # END: elective neck 
dissection; ENI: elective neck irradiation

Table 4  Univariate analysis of predictors for regional control 
(RC) and disease specific survival (DSS) after prosperity score 
matching
Variable RC DSS
Age (≥ 50 vs. < 50) 0.356 0.189
Sex (Male vs. Female) 0.876 0.478
PNI* (Yes vs. No) 0.327 0.018
LVI^ (Yes vs. No) 0.113 0.011
Differentiation (Poor vs. intermediate vs. well) 0.037 0.017
Margin (Positive vs. negative) 0.043 0.035
Neck management (END vs. ENI)# 0.990 0.999
Adjuvant chemotherapy (Yes vs. No) 0.328 0.548
*PNI: perineural invasion; ^LVI: lymphovascular invasion; # END: elective neck 
dissection; ENI: elective neck irradiation

Table 5  Quality of life in elective neck dissection (END) and 
elective neck irradiation (ENI) groups
Domain END (n = 20) ENI (n = 50) p
Pain 50 ± 18 47 ± 20 0.685
Appearance 60 ± 21 41 ± 15 0.016
Activity 63 ± 13 58 ± 19 0.796
Recreation 74 ± 25 72 ± 16 0.888
Swallowing 64 ± 20 58 ± 18 0.659
Chewing 74 ± 14 51 ± 12 0.007
Speech 70 ± 15 48 ± 17 0.011
Shoulder 78 ± 21 85 ± 18 0.587
Taste 58 ± 22 64 ± 23 0.499
Saliva 42 ± 15 35 ± 13 0.721
Mood 55 ± 26 61 ± 18 0.643
Anxiety 54 ± 23 62 ± 19 0.668

Fig. 1  Comparison of regional control and disease specific survival in patients treated by elective neck dissection (END) and elective neck irradiation (ENI) 
after propensity score matching
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recent evidence reveals that LN metastasis is more com-
mon than previously believed [4], with untreated necks 
experiencing regional failure in up to 33% of cases [13]. 
Through an analysis of oncologic outcomes among 
777 N0 MS-SCC patients, Li et al. [7] demonstrated 
that those who underwent END displayed significantly 
improved overall survival and DSS compared to their 
counterparts who did not undergo END. Furthermore, 
when combined with radiotherapy, END was even more 
effective in promoting a favorable prognosis. Abu-Gha-
nem et al. [4], in a review of four retrospective studies 
comprising a total of 129 patients, determined that ENI 
significantly reduced the risk of regional nodal recur-
rence by nearly 80% compared to observation. Similarly, 
Faisal et al. [14], in an RC assessment of 255 patients 
with MS-SCC, found that positive LNs were present in 
14.1% of the population, with regional relapse occurring 
in 3.7% of those who underwent elective neck treatment, 
compared to 26.4% in those who did not. Elective neck 
treatment, therefore, considerably reduced the risk of 
regional recurrence. In a multicenter study conducted in 
Japan [3], 111 patients were treated with curative intent, 
out of which 98 had cN0 neck disease and did not receive 
prophylactic neck irradiation. Subsequently, 11 patients 
(11.2%) were diagnosed with lymph node metastasis, of 
which eight formed part of the 83 patients with an N0 
neck who had not undergone elective neck treatment. 
Taken together, these findings reveal that END and ENI 
deliver better prognoses compared to observation, how-
ever, the question as to whether END is superior to ENI 
remains unanswered until our current investigation, 
which shows no significant differences in terms of RC 
and DSS between END and ENI. The lower occurrence 
rate of occult metastasis in our study (11.1%) compared 
to earlier studies [4–10] may be attributed to the utili-
zation of PET/CT to confirm cN0 status in most of our 
patients, thereby enabling prompt intervention to easily 
control the very few positive LNs through subsequent 
END or ENI [1].

Evaluating the impact of a therapeutic procedure on 
QoL is another crucial aspect to consider. While END 
may be technically mature and associated with mini-
mal complications when carried out by an experienced 
practitioner, some patients have reported complaints of 
shoulder dysfunction [15]. Although radiation therapy 
techniques are constantly improving, it is important not 
to disregard potential complications such as dry mouth 
[16]. Our study may represent the first comparison of 
QoL in patients who underwent END and ENI, and we 
observed that those who received END reported higher 
scores with regards to appearance, chewing, and speech. 
Our findings are particularly intriguing, as they shed light 
on the critical role that the maxilla plays in maintain-
ing both oral function and facial appearance. Notably, 

cT3/4 MS-SCC often necessitates extensive resection of 
the maxilla, which can result in facial collapse and the 
development of a communication between the oral and 
nasal cavities. Furthermore, it is worth noting that a 
small number of patients in the END group received neck 
radiotherapy, which could have had a significant impact 
on the differences in QoL observed between the two 
groups.

However, it is important to carefully consider the 
advantages and disadvantages of elective neck treat-
ment. First, there is general consensus that surgery and/
or radiotherapy on the neck is indicated for patients 
with clinically positive nodes. However, in patients with 
a tumor that has a low rate of LN metastases at pre-
sentation, preventive treatment of the neck may not be 
necessary. In fact, Cantù et al. [17] demonstrated that 
subsequent LN metastases in cN0 patients were rare 
and could be effectively treated with careful monitoring 
and follow-up. In their study, only 2 out of 182 patients 
with MS-SCC died from nodal metastases. Similarly, in 
the study by Patel et al., 15.4% of patients did not receive 
any treatment of the neck, 2.6% underwent an elective 
neck dissection (END), 69.2% received elective nodal 
irradiation (ENI) only, and 12.8% were treated with 
both END followed by radiotherapy. Notably, none of 
the patients with N0 necks had isolated regional recur-
rence regardless of neck management [1]. Second, it is 
important to remember that approximately 80–90% of 
cN0 patients may undergo unnecessary preventive neck 
treatment, despite potential complications associated 
with such treatment. Third, even with spinal accessory 
nerve-preserving neck dissections, patients may experi-
ence variable degrees of shoulder dysfunction and must 
be informed of the associated risks before undergoing 
treatment. Furthermore, while radiation therapy tech-
niques are improving, potential complications such 
as dry mouth must not be ignored [18, 19]. Thus, it is 
imperative to identify the factors that can inform deci-
sion-making regarding elective neck treatment. Existing 
evidence suggests that lymph node (LN) metastases are 
more frequently observed in tumors involving the palate 
and upper gum, and that these tumors behave more simi-
larly to tumors of the oral cavity than those of the maxilla 
[17, 20]. It is therefore essential to consider the site and 
characteristics of the primary tumor when determining 
the need for and extent of elective neck treatment, how-
ever, due to the retrospective nature of our study and its 
extended duration, accurately assessing invasion of the 
palate and upper gum may be challenging.

Poor differentiation and positive margin were the two 
most important prognostic factors. Wang et al. [21] also 
described that low differentiation was related to both 
additional increased 50% risk of overall death and can-
cer-caused death. Positive margin was common during 
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surgical treatment of advanced stage MS-SCC, and it cer-
tainly predicted worse survival [22].

Limitation in current study must be acknowledged, 
first, there was inherent bias within retrospective study, 
second, the response rate of QoL questionnaire was not 
very satisfactory, it might decrease our statistic power, 
third, more external validation was required before clini-
cal application.

Conclusion
In summary, patients with cT3/4N0 MS-SCC typically 
face a poor prognosis, and while both END and ENI con-
tribute to similar prognoses, but END offers better func-
tional outcomes.
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