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A B S T R A C T 

Endonasal endoscopic surgery (EES) has been applied to the management of sinonasal (SN) 
tumors based on recent advances in endoscopic surgical techniques and technologies over the past 
three decades. EES has been mainly indicated for benign tumors and less aggressive malignant 
tumors. Notwithstanding this, EES has been gradually adopted for squamous cell carcinoma 
(SCC), which is the most common histology among SN malignancies. However, an analysis of 
the outcomes of EES for patients with SCC is difficult because most articles included SCC a 
wide range of different tumor histologies. Therefore, we herein review and clarify the current 
status of EES focusing on SCC from an oncological perspective. 
The oncologic outcomes and the ability to achieve a histologically complete resection are similar 
between endoscopic and open approaches in highly selected patients with SN-SCC. Surgical 
complications associated with EES are likely similar for SN-SCC compared to other sinonasal 
malignancies. 
The indications for a minimally invasive approach such as EES in the management of patients 
with SN-SCC should be stricter than those for less aggressive malignant tumors because of 
the aggressive nature of SCC. Also, it is important to achieve negative surgical margins with 
EES in patients with SCC. We believe that the indications for EES for SN-SCC are widening 
due to advances in diagnostic imaging, and endoscopic surgical techniques and technologies. 

✩ This article was written by members and invitees of the International Head and Neck Scientific Group ( www.IHNSG.com). 
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E-mail address: ak-homma@med.hokudai.ac.jp (A. Homma). 

https://doi.org/10.1016/j.anl.2020.11.018 
0385-8146/© 2020 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights reserved. 

Please cite this article as: A. Homma, Y. Nakamaru, V.J. Lund et al., Endonasal endoscopic surgery for sinonasal squamous cell carcinoma from an 
oncological perspective, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.11.018 

https://doi.org/10.1016/j.anl.2020.11.018
http://www.ScienceDirect.com
http://www.elsevier.com/locate/anl
http://www.IHNSG.com
mailto:ak-homma@med.hokudai.ac.jp
https://doi.org/10.1016/j.anl.2020.11.018
https://doi.org/10.1016/j.anl.2020.11.018


2 A. Homma, Y. Nakamaru, V.J. Lund et al. / Auris Nasus Larynx xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: ANL [mNS; December 4, 2020;0:35 ] 

However, while expanding th  

the outcomes support this st
© 2020 Oto-Rhino-Laryngo  

 

1

 

t  

a  

o  

p  

l  

a  

(  

m  

a  

d  

f  

e  

n  

i  

u  

(  

p  

u  

[  

s  

b

2

 

i  

c  

a  

g  

o  

s  

t  

H  

F
a
w
s

. Introduction 

Endonasal endoscopic surgery (EES) has been applied to
he management of sinonasal (SN) tumors based on recent
dvances in endoscopic surgical techniques and technologies
ver the past three decades [1-3] . It has been mainly em-
loyed for benign tumors such as inverted papilloma (IP) and
ess aggressive malignant tumors such as adenocarcinoma
nd olfactory neuroblastoma [4-6] . Squamous cell carcinoma
SCC), which is the most common histology among SN
alignancies, is aggressive in nature. Therefore, EES is less

dopted for patients with SCC, with a traditional open proce-
ure or non-surgical options often preferred. One explanation
or this is that there is a perception that SCC must be resected
n bloc and with a wide surgical margin due to its aggressive
ature. Meanwhile, recent advances in imaging modalities,
nstruments and endoscopic surgical techniques have enabled
s to increasingly adopt EES for SCC in selected cases
ig. 1. Preoperative axial and coronal T2-weighted MRI of a patient with a SCC 

s T2N0M0 (a and b, respectively). The tumor extended into the right side and t
as confirmed to have histologically negative margins. The patient received post

urgery demonstrating no evidence of recurrent tumor (c and d, respectively). 

Please cite this article as: A. Homma, Y. Nakamaru, V.J. Lund et al., Endon
oncological perspective, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.1
e indications for EES for SN-SCC we must carefully confirm that
rategy. 
logical Society of Japan Inc. Published by Elsevier B.V. All rights

reserved.

 Fig. 1 ). However, the analysis of the usefulness of EES for
atients with SCC is difficult because most publications have
sually included cohorts with a wide range of histologies
7-10] . Therefore, we herein review and clarify the current
tatus of EES for oncologic endoscopic resection of SCC
uilding on recent literature. 

. Concept of EES for SN-SCC 

Previously it was generally agreed that in cancer surgery
t was imperative that the tumor be resected en bloc and that
utting into the substance of the tumor should be avoided
t all costs [11] . En bloc resection has been traditionally re-
arded as the ideal form of intervention for patients with SCC
f the head and neck cancer and specifically in the nose and
inuses. The advantages of open surgery have been considered
o be excellent access and visualization of the surgical site.
owever, in SN-SCC, en bloc resection is not often achieved
demonstrating a tumor with the epicenter in the left ethmoid sinus classified 
he sphenoid sinus. The tumor was removed completely by purely EES and 
operative radiotherapy. Postoperative axial and coronal CT 10 months after 

asal endoscopic surgery for sinonasal squamous cell carcinoma from an 
1.018 
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Fig. 2. Surgical concept of the attachment-oriented surgery [21] . The surgery begins with debulking of the tumor with a microdebrider to identify the origin 
of the tumor (a). A 6–8 point biopsy is taken and frozen sections sent to the pathologist. The mucosal incision is performed with pathologically confirmed 
tumor-negative margins (b). The tumor attachment site is dissected and excised subperiosteally (c, d). If the underlying bone is eroded, the bone is resected 
with the tumor. 
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ven by craniofacial resection, and debulking or segmental re-
ection is frequently required. In addition, recent advances in
ndoscopic instruments have allowed multi-angled and mag-
ified views of the tumor limits, facilitating resection [12] .
or other head and neck cancer sites, especially for laryn-
eal, oropharyngeal, and hypopharyngeal cancers, transoral
esection has become popular, due, to a large extent, to the
ontribution of Steiner, a pioneer of the transoral endoscopic
urgery, who reported excellent oncological and functional re-
ults for this technique [13-16] . Hinni et al. concluded that
iecemeal removal of tumors with three-dimensional margin
apping using an operating microscope or rod telescope is

afe from an oncologic perspective and reduces morbidity
nd the length of hospitalization [17 , 18] . Under these cir-
umstances, rather than pursuing en bloc resection, it may be
easible to achieve negative margins with good visualization
egardless of whether an open or endonasal endoscopic ap-
roach is used. In reality, optimum visualization cannot nec-
ssarily be achieved without endoscopic assistance, even by
n open approach, due to the complexity of the sinonasal
natomy. Due to enhanced visualization, EES is now being
ncreasingly indicated for patients with SN malignancies. 

The traditional concept of en bloc resection and a wide
urgical margin for SN-SCC could lead to an excessively wide
esection [19] . For example, in cancers originating from the
thmoid sinus and in contact with the anterior skull base, there
s a trend to choose anterior skull base resection to remove
ancer in an en bloc fashion and to ensure a wide surgical
argin. However, the cancer might only be in contact with

he skull base and not transgress it. In such cases, anterior
kull base resection can be excessive. If we accept debulking
nd segmental resection rather than the traditional concept of
n bloc resection, the chance to apply a minimally invasive
pproach such as EES will be increased. Tumor dissemination
round the surgical field and a narrow surgical margin remain
oncerns for recurrence but have been addressed by previous
uthors [13-18] in other head and neck areas. 

The prerequisites of EES for SN-SCC are the precise iden-
ification of the site of origin of the tumor and complete re-
ection of tumor with safe margins. Nakamaru et al. resected
he tumor endonasally with reference to “attachment-oriented
urgery” and “multilayer centripetal technique,” with slight
odifications [20 , 21] . Attachment-oriented surgery was orig-

nally developed for SN-IP and showed good oncological re-
ults ( Figs. 2 and 3 ) [22] . Originally, this surgery started with
ebulking of the tumor using a microdebrider to precisely
Please cite this article as: A. Homma, Y. Nakamaru, V.J. Lund et al., Endon
oncological perspective, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.1
dentify the site of origin, followed by resection of the mucosa
ar enough from the tumor to ensure safe margins, and finally
he tumor attachment site was drilled out with a diamond bur.
rozen sections confirmed the absence of neoplastic cells in

he surgical margins. As SN-SCC is more aggressive than SN-
P, Nakamaru et al. set wider surgical margins than for SN-IP
nd used frozen sections before the mucosa around the tu-
or was excised. Moreover, they resected eroded bone instead

f drilling it down, as drilling of the tumor attachment site
ay lead to tumor dissemination. The “multilayer centripetal

echnique” reported by Castelnuovo et al. similarly involved
umor debulking and management of the tumor attachment
ite through the following 5 steps: (1) reduction of the neo-
lasm volume; (2) centripetal subperiosteal ethmoidal-nasal
emoval; (3) removal of bone underlying the tumor (septum,
kull base, and lamina papyracea); (4) removal of the dura,
lfactory bulb, and periorbita; and (5) skull base duraplasty.
his surgical method was applicable for all SN malignant

umors and they have reported excellent results [23] . It is ap-
arent that precise management of the tumor attachment site
ith tumor debulking would enable complete resection of tu-
or without reliance on an en bloc method. 
Reconstruction of skull base defects to secure cranionasal

eparation will prevent postoperative complications such as
erebrospinal fluid leakage and meningitis [24] . The flap sep-
rating the cranial cavity from the sinonasal tract has to
e strong enough to tolerate perioperative radiotherapy, es-
ecially for SN-SCC. Harvey et al. reported the intracra-
ial complications in 106 patients who underwent endoscopic
kull base reconstruction, mostly with multilayered soft tissue
epairs, and found only a 3.8% (4/106) perioperative compli-
ation rate [25] . Even though only five patients (4.7%) had
eceived prior irradiation to the head and neck, this factor
id not increase the rates of intracranial complications in ei-
her the perioperative period or long term. These data indicate
hat endoscopic skull base repair has become a reliable and
obust method for reconstruction of skull base defects, despite
emoval of bone and meningeal layers. Further, Thorp et al.
eported the results of 151 patients who received endoscopic
kull base reconstruction using vascularized flaps [26] . Thirty-
even patients received radiotherapy while 114 patients did
ot undergo radiotherapy as part of the treatment profile. No
ignificant association was found between the perioperative
omplication rates and radiotherapy ( p = 0.634). On the other
and, Zanation et al. reported that preoperative radiotherapy
ended to be associated with a higher rate of postoperative
asal endoscopic surgery for sinonasal squamous cell carcinoma from an 
1.018 
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Fig. 3. Magnetic resonance imaging from a patient with SCC in the left nasal cavity is shown (a). Intraoperative photographs from the endonasal endoscopic 
surgery performed on the patient. Initial view demonstrating a left nasal cavity tumor (b). Endoscopic view during debulking of the tumor using microdebrider 
to precisely identify the site of origin (c). The tumor was attached to the nasal septum and the agger nasi separately (d). The tumor-attached mucosa of the left 
agger nasi was resected en bloc with the periosteum (e). The tumor-attached mucosa of the left nasal septum was resected en bloc with margins of 5 mm and 
the nasal septum cartilage was also resected together to ensure the deep surgical margin, but the mucosa of the nasal septum was preserved (f). Postoperative 
computed tomography at 14 months of follow up showing no evidence of residual disease (g). 
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SF leak in their multivariate analysis of 70 patients under-
oing endoscopic extended endonasal approach with primary
asoseptal flap reconstruction ( p = 0.07) [27] . Although the
egative impact of perioperative radiotherapy might not have
een proved statistically, we tend to prefer a vascularized flap
ather than free grafting for patients with SN-SCC because
ntracranial complications are potentially life-threatening and
ead to long periods of hospitalization. Further study is needed
o evaluate whether or not a vascularized flap is really neces-
ary for closure of anterior skull base defects. 

. Treatment outcomes for EES compared to other 
pproaches for SN-SCC 

The number of patients with malignant SN-SCC tumors
reated at any single center is usually modest and even in
arger cohorts the number of SCCs is small, for example
nly 9 out of 140 (6.4%) sinonasal malignancies were treated
ndoscopically with curative intent by Lund and Wei [28] .
hus, there have been few reports on the treatment outcomes
f patients with SN-SCC other than those occurring in
he maxillary sinus. Homma et al. reported 25 consecutive
atients with SCC of the nasal cavity and the ethmoid sinus
reated between 2000 and 2012 [29] . Four patients were
iagnosed with T1, 3 with T2, 4 with T3, 7 with T4a, and
 with T4b disease. No patient had lymph node metastasis.
welve patients (48%) were treated with surgery alone or
ollowed by radiotherapy + /- chemotherapy. Of these, 4
nderwent exclusively endoscopic surgery. Thirteen (52%)
ere treated with radiotherapy; 1 with radiotherapy alone,

nd 4 and 8 with intravenous and intra-arterial chemotherapy,
espectively. The 5-year overall survival (OS) and disease-
Please cite this article as: A. Homma, Y. Nakamaru, V.J. Lund et al., Endon
oncological perspective, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.1
pecific survival (DSS) rates calculated by the Kaplan-Meier
ethod were 52.3% and 59.9%, respectively. The 5-year OS

ates for T1–3, T4a, and T4b disease were 53.9%, 71.4%,
nd 29.0%, respectively, while the 5-year DSS rates for
1–3, T4a, and T4b disease were 74.1%, 71.4%, and 29.0%,

espectively. In this paper, there is no comparison between
esults of patients treated with surgery versus radiotherapy. 

Michel et al. reported 33 patients with SN-SCC treated
etween 1995 and 2008 [30] . Tumor locations were maxil-
ary sinus in 16 cases (48.5%), nasal cavity in 9 (27.3%),
asal septum in 6 (18.2%), ethmoid in 1 (3%), and sphe-
oid in 1 (3%). The tumor was classified as T1 in 6 (18.2%),
2 in 9 (27.3%), T3 in 2 (6.1%), T4a in 9 (27.3%), and
4b in 7 patients (21.2%). Six types of initial treatment were
sed: surgery alone in 7 cases (21.2%), surgery followed by
adiotherapy in 8 (24.2%), surgery followed by concurrent
hemoradiotherapy in 3 (9.1%), concurrent chemoradiother-
py in 13 (39.4%), chemotherapy in one (3%), and radio-
herapy alone in one (3%; an elderly patient classified as
4aN0M0). As a result, the disease-free survival (DFS) rates
t 1 and 5 years were 58.5% and 46.1%, respectively, and the
S were 70.3% and 40%, respectively. Surgery followed by

adiotherapy improved OS ( p = 0.005) and DFS ( p = 0.028)
hen compared to other treatment modalities. 
Sanghvi et al. examined the incidence and survival of 4994

atients with SN-SCC between 1973 and 2009 using the
urveillance, Epidemiology, and End Result (SEER) database
31] . The 5-, 10-, and 20-year OS rates for 4994 cases of
N-SCC were 53.0%, 44.6%, and 29.4%, respectively. Al-

hough, the overall incidence of SN-SCC has been steadily
nd significantly declining in the past 30 years, survival has
ot significantly improved in this period. 
asal endoscopic surgery for sinonasal squamous cell carcinoma from an 
1.018 
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Table 1. Treatment results of endonasal endoscopic suregry for sinonasal squamous cell carcinoma. 

First author (year of 
publication) 

Study design No. of patient; Stage, Treatment Follow-up in 
months; (range) 

Treatment results 

Lund [32] , (2010) Systematic review 23, T1: 8, T2: 7, T3: 3, T4: 4, 
Unknown: 1 

41.6, (3 - 92) local recurrence: 6 patients 
(26.1%); alive without disease: 
19 (82.6%); died of disease: 3 
(13.0%: [T1: 2; T2: 1]); died of 
other causes: 1 (4.3%) 

de Almeida [33] , (2015) retrospective case 
series 

34, T1: 1, T2: 3, T3: 4, T4a: 11, 
T4b: 14, N + : none, Purely ESS: 
25, EES + open: 9, Definitive 
resection: 27, Debulking: 7, 
Adjuvant RT: 24 (71%) 

33, (0 - 111) 5-year DFS: 62%, 5-year OS: 
78% (among 27 definitive 
resection), positive margins 
(19% [5/27 definitive 
resection]): predictive DFS in a 
multivariable model 

Kilic [35] , (2018) retrospective cohort 1483, ESS: 353 (stage I: 107, 
II: 51, III: 55, IA: 63, IVB: 31), 
open: 1130, postoperative 
RT( + chemo): 53.8% (190/ 353 
ESS) 

5-year OS: 46.0% (among 353 
ESS) vs 56.5% (among 1130 
open), p = 0.953, positive 
margins: 21% (negative: 47.9%, 
unknown: 31.1%), positive 
margins: poorer OS on 
multivariate analysis 

Nakamaru [21] , (2020) retrospective case 
series 

15, T1: 4, T2: 7, T3:4, N + : 
none, purely EES: 15, 
postoperative RT( + chemo): 
53.3% (8/15) 

26, (7 - 123) 5-year OS: 72.4%, 5-year 
DSS:79.6%, positive margins: 
26.7% (4/15), 5-year DSS: 
100% (among 11 negative 
margins), 37.5% (among 4 
positive margins) 

Abbreviations: EES: endonasal endoscopic suregry, RT: radiation therapy, DFS: disease-free survival, OS: overall survival, DSS: disease specific survival. 
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Unfortunately, as can be seen from the above reports, the
-year OS for SN-SCC ranges from 40 to 53%, and this figure
as not changed over the last three decades, despite advances
n imaging modalities and treatment regimens [29-31] . 

Several studies have focused exclusively on endoscopic
urgery for SN-SCC ( Table 1 ). According to the European
osition paper on endoscopic management of tumours of
he nose, paranasal sinuses, and skull base published in
010, only 23 patients underwent purely endoscopic resec-
ion among the 150 patients with SN-SCC for whom data
re available [32] . This cohort had a preponderance (65.2%)
f low stage (T1 to T2) disease at presentation. Local re-
urrence was noted in 6 patients (26.8%). At last follow-up
anging from 3 to 92 months (mean, 41.6 months), 19 patients
82.6%) were alive without disease. Three patients (two T1
nd one T2) died of their disease, including one patient who
ad distant metastasis to the brain without local recurrence
nd one patient who died of other causes. De Almeida et al.
eported 34 patients with SN-SCC undergoing EES. Of these,
7 had definitive resection and 7 had debulking surgery [33] .
efinitive resection was associated with better 5-year DFS

nd OS rates than was debulking (62% vs. 17%; p = 0.02;
nd 78% vs. 30%; p = 0.03). 

Shipchandler et al. reported preliminary data for 11
atients with SN-SCC treated by EES in 2005 [34] . All
1 patients were treated with curative intent by endoscopic
esection with intraoperative surgical navigation and adjuvant
herapies when appropriate. Ten of the 11 patients underwent
omplete surgical extirpation. One patient presented with
avernous sinus and sellar involvement and was surgically
ebulked with planned radiation and chemotherapy postop-
Please cite this article as: A. Homma, Y. Nakamaru, V.J. Lund et al., Endon
oncological perspective, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.1
ratively for potential cure. Seven patients had their tumor
esected using a solely endoscopic approach and four required
ifrontal craniotomy to clear the superior margin. Eight of
he 11 patients (73%) received adjuvant therapy. Seven
atients (64%) received pre- (2 cases) or postoperative (5)
adiotherapy. Four patients (36%) received pre- (1 case) or
ostoperative (3) chemotherapy, with 3 of these 4 receiving
oth radiation and chemotherapy. The OS and DFS rates over
he mean follow-up period of 31.5 months were both 91%.
lthough these results are excellent, the follow-up period was

oo short to provide data regarding the 5-year survival rate. 
Nakamaru et al. reported a retrospective analysis of 15

onsecutive SN-SCC patients who underwent exclusively EES
21] . The majority of patients had early stage disease, T1 or
2, and there were no cases of stage T4 disease. Eight pa-

ients (53%) were treated with surgery alone and 7 (47%)
ith surgery and postoperative radiotherapy with/without

hemotherapy. The 5-year OS, DSS, and local control rates
ere 72.4%, 79.6%, and 92.9%, respectively. The 5-year DSS

ates for T1, T2, and T3 disease were 100% and 75% and
5%, respectively. 

A large study based on the National Cancer Database was
ublished in 2018 [35] . They identified a total of 1483 pa-
ients (353 patients received EES and 1130 patients underwent
pen surgery) with SN-SCC. A multivariate logistic regres-
ion analysis revealed that a non-academic facility, ethmoid
inus, and stage IVB disease remained significantly associ-
ted with EES, suggesting that stage IVB disease is associated
ith EES independent of anatomic site or facility type. This
ight be because most stage IVB patients who received EES

id so with palliative intent as they are not usually treated
asal endoscopic surgery for sinonasal squamous cell carcinoma from an 
1.018 
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ith curative intent. Postoperative chemotherapy and/or ra-
iotherapy was performed in 53.8% (190/353) of patients in
he EES group and in 51.5% (582/1130) in the open surgery
roup. Although endoscopic resection was associated with
 shorter hospital length of stay, the five-year OS was not
ignificantly different between the 2 approaches ( p = 0.953;
pen: 5-year OS, 56.5%; 95% confidence interval, 51.3% to
1.6%; endoscopic: 5-year OS, 46.0%; 95% confidence inter-
al, 33.2% to 58.8%) In the propensity score-matched cohort
f 652 patients, there was also no significant difference in OS
 p = 0.850). 

In summary, all of these publications have demonstrated
hat endoscopic resection is feasible for SN-SCC and has sim-
lar oncologic outcome as a traditional open approach. 

. Surgical margins 

Regarding surgical margins, in the study by Nakamaru
t al., 4 of the 15 patients (27%) showed positive surgical
argins [21] . None of the patients with negative surgical mar-

ins ( n = 11) showed recurrence. On the contrary, the 5-year
SS rate of the patients with positive surgical margins was
8% and statistically lower than those with negative surgical
argin ( p = 0.0253). This result suggests that negative sur-

ical margins are important, even in cases treated using the
ultilayer centripetal technique. Further, their rate of positive

urgical margins was equivalent to those of previous studies
21–33%) [35 , 36] . Robin et al. reported that a positive surgi-
al margin was a poor prognostic factor with a hazard ratio of
.575 compared to cases with a negative surgical margin [37] .
arligkiotis et al. analyzed 34 patients with IP-derived SCC
ho had resection with curative intent [38] . In patients with
ositive margins, the oncologic outcomes were significantly
orse. Locoregional control (LRC) and DFS in patients with
egative margins was 74% at 5 years compared to 0% in those
ith positive margins ( p < 0.001), and the 5-year OS was
3% in those with negative margins compared to 0% in those
ith positive margins ( p < 0.001). In a multivariable model,
nly positive margins were predictive of both poorer LRC
 p = 0.003) and DFS ( p = 0.003). Farquhar et al. conducted
 propensity score analysis for the comparison of 124 patients
ith SN tumors who received endoscopic or open resection

nd indicated no differences in the rate of negative margins
etween the treatment groups either before or after matching
endoscopic: 67%; open: 68%; adjusted p = 0.70) [36] . This
tudy did not indicate that an open approach achieved bet-
er negative surgical margins though it had only 28 patients
22.6%) with SCC. As mentioned, it was reported that there
as no difference in the rate of positive margins between the

ndoscopic and open approach groups [35 , 36] , which sug-
ests that the ability to achieve a histologically complete re-
ection was comparable between the two approaches bearing
n mind that the ability to ensure negative surgical margins
s critical to the management of SN-SCC. Advances in light
pectroscopy, endoscopy, imaging, biochemical alteration of
issue, molecular markers and epigenetic alterations, can all
e applied to the assessment of surgical margin status [39 , 40] ,
Please cite this article as: A. Homma, Y. Nakamaru, V.J. Lund et al., Endon
oncological perspective, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.1
nd these modalities are expected to be available in the near
uture. 

. Indications for EES for SN-SCC 

The oncologic outcomes are similar for EES and open
pproaches according to previous reports taking into ac-
ount that appropriate patient selection and thorough margin-
egative surgery confers the optimal outcome [41] . As men-
ioned previously, margin-negative surgery is imperative to
chieve a good outcome. Therefore, the indications for EES
re based on the expectation that the tumor can be resected
y EES with a negative surgical margin. 

Nicolai et al. reported their indications for EES for
inonasal malignancies [42] . Patients with extension into the
rontal sinus, orbit, lacrimal pathway, bony wall of the max-
llary sinus (except the medial wall), pterygopalatine or in-
ratemporal fossa, and erosion of the skull base were excluded
rom EES. The UK guidelines for sinonasal malignancies also
howed similar indications for endoscopic surgery, except for
rosion of the skull base [43] . These guidelines for EES in-
lude patients with skull base bone erosion and dura or brain
nvolvement medial to the mid orbital roof, and are suitable
or less aggressive sinonasal carcinomas. 

Nakamaru et al. mentioned that safe indications for EES
or patients with SN-SCC were relatively limited disease,
uch as T1-2 disease, nasal cavity/ethmoid tumors and some
3 disease without bony destruction of the sinus walls [21] .
ccording to the International Consensus Statement on En-
oscopic Skull-Base Surgery published in 2019 [41] , expert
pinion has suggested that the following criteria would indi-
ate that a patient is not an appropriate candidate for en-
oscopic resection of SN-SCC if the following structures
re involved: hard palate, anterior maxillary, inferior max-
llary, extensive posterior maxillary, orbital floor, ascending
rocess of the maxilla, nasal bone, anterior table of the
rontal sinus, or posterior table of the frontal sinus osseous
xtension, soft palate extension, extensive pterygopalatine
ossa/infratemporal fossa extension, cranial nerve extension
o or beyond the respective skull-base foramen, cavernous si-
us extension, orbital extension, brain parenchymal extension,
r involvement of the soft tissues of the face. This consen-
us states that so far, oncologic outcomes are similar between
ndoscopic and open approaches in selected patients with SN-
CC and as expected, inappropriate patient selection may lead

o less favorable outcomes. In addition, there is now adequate
ublished evidence of benefit for endoscopic resection of SN-
CC. However, this procedure should be an option only in
roperly selected patients and with experienced surgeons. 

Although high definition imaging modalities are good pre-
ictors of tumor invasion into the skull base, it is still very
ifficult to predict whether a tumor can be resected purely
y EES or not. Thus, we should be prepared to be flexible,
tarting with an endonasal approach, and combining this with
 craniotomy and/or an open approach such as lateral rhino-
omy when needed. Preparation in advance is necessary for
uch open approaches when EES is undertaken. 
asal endoscopic surgery for sinonasal squamous cell carcinoma from an 
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. Adjuvant therapy 

Robin et al. specifically compared outcomes by treat-
ent modality for SN-SCC using the National Cancer Data
ase [37] . Radiotherapy alone (HR, 1.294 [ P = 0.001]) and
hemotherapy alone (HR, 1.834 [ P < 0.001]) were associated
ith worse OS, but patients treated with adjuvant radiother-

py (HR, 0.658 [ P < 0.001]) and adjuvant chemoradiotherapy
HR, 0.696 [ P = 0.002]) had improved outcomes compared
ith patients treated with single-modality surgery. There was
o difference in OS between definitive chemoradiotherapy and
urgery alone (HR, 1.076; 95% CI, 0.899–1.289 [ P = 0.425]).
his study suggested that treatment outcomes for SN-SCC are

nfluenced by additional treatment, and surgery alone is not
ufficient to achieve a good outcome in most situations. Thus,
djuvant therapy, usually postoperative radiotherapy, should
e indicated for most patients with advanced disease (stage
II-IV) or with a close or positive margin. 

. Surgical complications associated with EES for 
N-SCC 

Nicolai et al. reported postoperative complications in 134
xclusive EES patients and 50 cranioendoscopic approach
CEA) patients with various types of malignant SN tumors
7] . The mean hospitalization time was 3.7 days (range, 1–
0) in the EES group and 15.4 days (range, 10–35) in the
EA group. In the EES group, overall postoperative compli-
ations occurred in 8 patients (6%): CSF-leak (4), mucocele
2), frontal stent displacement (1), and meningitis (1). On the
ther hand, in the CEA group, overall postoperative compli-
ations occurred in 8 patients (16%): CSF-leak (4), brain ab-
cess (1), extradural abscess (1), frontal osteomyelitis (1), and
ctus cerebri (1). In addition, 2 patients died of brain edema
nd cerebral hematoma in the early postoperative period in
he CEA group. Nicolai et al. concluded that EES was there-
ore, associated with a lower rate of serious complications,
ven in cases requiring dura resection. 

Similarly, in 140 cases of sinonasal malignancy undergoing
ndoscopic excision with curative intent and utilizing multi-
ayered free soft-tissue repair for dural repair, the complica-
ions rate was low, comprising three cases (2%) with bleed-
ng in the immediate post-operative period, 3 cases (2%) of
erebrospinal fluid leakage and 8 cases (6%) of epiphora, all
uccessfully treated endoscopically. [28] . 

Abdelmeguid et al. reported 239 patients who underwent
ndoscopic resection of SN malignancies with curative in-
ent at the MD Anderson Cancer Center between 1998 and
018 [10] . 167 (70%) had a purely EES, while 72 (30%)
ad an endoscopic-assisted approach. Nearly 60% of their
tudy received adjuvant therapy, and 16.3% received induction
hemotherapy as part of their treatment. The overall surgical
omplication rate was 28.8% (69 patients) ranging from minor
omplications like seroma and sinusitis to major intracranial
omplications like meningitis and brain infection. Intracra-
ial complications were documented in 34 patients (14.2%),
ith no significant difference in the rate of the intracranial

omplications between the purely endoscopic and endoscopic-
Please cite this article as: A. Homma, Y. Nakamaru, V.J. Lund et al., Endon
oncological perspective, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.1
ssisted group ( p = 0.129). CSF leakage occurred in 14 pa-
ients (5.9%), all of whom had a purely EES. In nine pa-
ients, the CSF leak was successfully managed conservatively
ithout a need for surgical intervention. Four patients under-
ent successful endoscopic repair while one patient required

dditional bifrontal craniotomy and repair of the skull base
y pericranial flap. One patient had meningitis that was suc-
essfully managed conservatively with antibiotic therapy. Two
atients who underwent endoscopic resection with a bifrontal
raniotomy experienced delayed infection and frontal lobe ab-
cess that required reopening of the craniotomy and drainage
f the abscess. Other complications included epiphora in 20
atients (8.4%), diplopia in 9 patients (3.8%), and brain con-
usion in 4 patients (1.7%). The CSF leakage rate among
urely EES could seem slightly higher but it should be taken
nto account that they had set wider criteria for EES than in
ther reports [41 , 43] . 

Nakamaru et al. reported no postoperative complications
mong 15 consecutive SN-SCC patients who underwent ex-
lusively EES [21] . Kılıc et al. reported that hospital stay was
ignificantly shorter in patients with SN-SCC treated with en-
oscopic resection (endoscopic: 2.50 days; open: 4.67 days;
 < 0.0001) according to the National Cancer Database [35] .
arligkiotis et al. reported 26 SN-SCC patients managed ex-

lusively with endoscopic resection [38] . Minor postoperative
omplications occurred in 3 patients (11.5%) after exclusive
ndoscopic resection: 2 patients presented epistaxis on the
rst postoperative day, which was managed with bipolar cau-

erization, and 1 patient experienced epiphora at 6 months
fter surgery, which required endoscopic dacryocystorhinos-
omy. Surgical complications associated with EES for SN-
CC are likely similar to those for other sinonasal malig-
ancies although there are few reports focused on SN-SCC
reated by purely EES. Overall, securing cranionasal separa-
ion for skull base defects is one of the most important pro-
edures to prevent postoperative complications such as CSF
eakage and meningitis [24] . 

. Conclusion 

The indications for EES for SN-SCC, as in other SN can-
ers, have been widening due to advances in diagnostic imag-
ng systems, high definition endoscopy, surgical navigation,
nstrumentation, and endoscopic surgical techniques. In addi-
ion, the development of highly conformal radiotherapy and

ore effective antineoplastic drugs might also change the in-
ications for EES for SN-SCC. However, outcomes have to
e confirmed when expanding the indications for EES for
N-SCC, which is aggressive in nature and should always be
ompared to the gold standard of open craniofacial resection.
n addition, greater collaboration between centers all over the
orld is necessary to achieve adequate numbers of patients

or study of prognostic factors. And we need to remember
hat good results for EES for SN-SCC are due not only to
he surgery itself but to the development of imaging systems,
adiotherapy and antineoplastic drugs. Nevertheless, the indi-
ations for EES for SN-SCC will broaden as it is less invasive
nd provides better cosmetic outcomes than traditional open
asal endoscopic surgery for sinonasal squamous cell carcinoma from an 
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pproaches. To date, the promotion of EES for SN malig-
ancies has been led by rhinologists by the extended appli-
ation of their technical skills, skills which head and neck
urgeons must also acquire leading to the further develop-
ent of the comprehensive management of SN malignancies

ncluding SN-SCC. 
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