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Summary

Objectives. Postoperative prognosis of sinonasal adenocarcinoma (SNAC) is closely related to lo-
cal recurrence. Our objective was to identify subclinical anterior skull base (ASB) invasion, and to 
evaluate the impact of endoscopic transnasal craniectomy on SNAC staging and prognosis.
Methods. Retrospective study conducted from 2010 to 2023, including 33 patients, comparing 
2 groups: conservative endoscopic sinus surgery (ESS) and complementary endoscopic resec-
tion with transnasal anterior skull base craniectomy (ERTC). Histopathology, overall survival (OS), 
recurrence-free survival (RFS), complication rates, surgery time and hospital stay were analysed.
Results. Histopathology revealed malignant invasion in 36.8% of ASB surgical specimens, despite 
the absence of pre- or intraoperative evidence of skull base invasion. All were low-grade tumours, 
with 57.1% previously classified as cT2. ERTC was associated with an improvement in RFS, al-
though not statistically significant, with a greater incidence of complications, but no impact on OS.
Conclusions. This study provides the first significant evidence of frequent subclinical invasion of 
the ASB in cT2 cases. These findings raise important questions regarding the management of cT2 

Cover figure. Intraoperative photo of an endoscopic anterior skull base resection, with open-
ing of the dura mater in the left olfactory cleft. AE: anterior ethmoid; AEA: anterior ethmoidal 
artery; DM: dura mater; FC: falx cerebri; FE: fovea ethmoidalis edge; FS: frontal sinus; GR: gyrus 
rectus; OP: olfactory phyla; OW:orbital wall; PE: posterior ethmoid.
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lesions. Should systematic biopsies of the anterior skull base be taken? Should a skull base resection be discussed in selected patients? Further studies 
with larger samples are necessary to better define the risk-benefit ratio of ERTC in low-stage SNAC prognosis.

Keywords: sinonasal cancer, adenocarcinoma, ethmoid, skull base, endoscopic sinus surgery

Introduction
Adenocarcinoma represents about 5 to 30% of all sinona-
sal tumours 1. Its incidence rate and histological distribution 
varies widely between countries  2. Most sinonasal adeno-
carcinomas (SNAC) are related to the occupational exposi-
tion to a volatile carcinogenic compound, wood dust being 
the most common  3–5. Mean age at diagnosis is 65 years 
and there are more cases in males, which is related to the 
occupational risk factors  6,7. The tumour originates in the 
olfactory cleft 8. 
During last decades, treatment options have evolved to-
wards less invasive procedures. The therapeutic gold stand-
ard is endoscopic surgical resection of the tumour, with ad-
juvant radiotherapy for tumour stages up to pT2 and/or high 
grade and/or incomplete resection 9-11. Prognosis is mainly 
based on initial tumour, nodes, and metastases (TNM) stag-
ing and local recurrence; lymph node involvement and 
distant metastases are very uncommon 1,12. Indeed, 88% of 
recurrences are local  13, frequently located in the anterior 
skull base (ASB) area and in the posterior ethmoid, even 
in low-stage tumours 14. Some authors suggested that total 
exenteration of the olfactory cleft may help grading the in-
vasion and predict the risk of local recurrence 15. 
In case of tumour invasion of the ASB, a radical resection 
is recommended, when considered reasonable and surgi-
cally feasible 16. However, there is no consensus regarding 
the resection of the ASB when preoperative imaging shows 
no skull base invasion. Some authors have suggested that a 
more radical attitude regarding the ASB could improve the 
prognosis 17,18. 
The aim of our study was then to assess the prevalence of 
microscopic malignant invasion of the ASB in SNAC de-
pending on the tumour characteristics, in patients without 
radiologic evidence of ASB invasion. The primary outcome 
was the definitive histopathology on ASB specimens. Sec-
ondary outcomes were surgical complication rate and ma-
lignant recurrence location.

Methods

Study design and data collection
Pseudonymised data of screened patients related to their 
characteristics, tumour, treatment, perioperative events, 

and follow-up were collected retrospectively from 2011 to 
2023. Patients screened were adults (> 18 years-old) treated 
by endoscopic resection for histologically proven SNAC in 
Besançon University Hospital. Non-inclusion criteria were: 
invasion of the ASB on preoperative imaging; incomplete 
preoperative imaging protocol (absence of cervicothoracic 
computed tomography [CT] scan and/or magnetic reso-
nance imaging [MRI] with gadolinium of sinonasal cavi-
ties); non-carcinologic resection; transcranial resection of 
the skull base; absence or refusal of radiotherapy when in-
dicated (i.e., stage > T2 tumours, high grade, and/or incom-
plete resection); adjuvant or neoadjuvant chemotherapy; 
and lack of consent. The indications for adjuvant radio-
therapy were based on the recommendations of the Réseau 
d’expertise français sur les cancers ORL rares (REFCOR). 
Barnes’ histopathologic classification was used for tu-
mour grading. All cases were re-assessed for preoperative 
TNM staging using Union for International Cancer Con-
trol (UICC) 2017 classification. All CT and MRI images 
were re-interpreted with contribution from a head and neck 
specialist radiologist. All eligible patients who underwent 
endoscopic resection with transnasal craniectomy (ERTC) 
were included. A control group of patients who underwent 
endoscopic sinus surgery without resection of the skull base 
(ESS) was also included to compare the characteristics of 
patients, tumours, and recurrences.

Surgical technique and follow-up
All patients underwent a fully endoscopic bilateral ethmoid-
ectomy with sphenoidostomy and septectomy, resection of 
the middle turbinate, conchal lamina and complete exen-
teration of the olfactory cleft, with or without transnasal 
anterior skull base resection. When performed, endoscopic 
transnasal anterior craniectomy consisted in the resection of 
the entire lamina cribrosa, lateral lamella, crista galli, and 
overlying dura mater, as shown in the Cover figure. Abdom-
inal fat graft with or without rectus abdominis fascia graft 
was used for the anterior skull base reconstruction. In cases 
with involvement of the medial part of the maxillary sinus, 
a medial maxillectomy was added to the procedure. The de-
cision to resect the ASB was made prior to surgery accord-
ing to the surgeon’s standard practice and the recommen-
dation of the regional multidisciplinary oncology board. 
However, in some cases, intraoperative findings changed 
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the approach. Evidence of tumour lysis or positive frozen 
sections on the skull base led to the resection of the ASB, 
when not previously anticipated. The retrospective deter-
mination of whether frozen sections were performed as a 
systematic margin assessment or in response to suspicion 
of tumour invasion was not possible. Therefore, these cases 
were excluded from the analyses. Thus, the study only in-
cluded cases that were considered radiologically, clinically 
and surgically free of tumour involvement of the skull base. 
The follow-up protocol was based on national guidelines 
established by the REFCOR and consisted of clinical ex-
aminations with nasal fibroscopy at 3-month intervals dur-
ing the first 2 years, 4-month intervals during the third year, 
6-month intervals during the fourth and fifth years, and an-
nual examinations thereafter. An MRI of the face was con-
ducted every 6 months during the initial 5-year period, after 
which it was performed annually.

Statistical analysis
Overall survival (OS) and recurrence-free survival (RFS) 
were evaluated with Kaplan-Meier method and compared 
using log-rank test. Characteristics of the 2 groups and 
secondary outcomes were compared using Fisher’s test 
for qualitative variables and 2-tailed T-test for quantitative 
variables. Significance level was set at p < 0.05. All sta-
tistical analysis were performed with R (4.1.2 version, R 
Core Team, 2017, R Foundation for Statistical Computing, 
Vienna, Austria).

Ethics and regulatory aspects
Our work was in accordance with national regulatory in-
stances regarding the use of personal and medical data. As 
required by ethics committees, all eligible patients received 
an information and consent note with a refusal form. 

Results

Population
In our database, 81 patients were treated for SNAC from 
2011 to 2021. A total of 47 patients who underwent full 
endoscopic resection was evaluated. Thirty-five met the in-
clusion criteria. Two patients who underwent only partial 
resection of the skull base were excluded from the study. 
Ultimately, 33 patients were considered for statistical anal-
yses. Among these, 14 (42.4%) patients had a conservative 
carcinologic ESS, while 19 (57.6%) had an ERTC. None 
had lymph node involvement or distant metastases at the 
time of diagnosis. The 2 groups were compared for all 
population characteristics, showing no significant differ-

ences (Tab. I). Twelve patients (36.4%) presented a locally 
advanced tumour (pT3-T4). One well-differentiated, low-
grade non-intestinal SNAC (n-ITAC) was included. Thirty 
patients (90.9%) had adjuvant radiotherapy, the 3 others 
presented a low-grade pT1 or pT2 tumor without indication 
of adjuvant radiotherapy.

Primary outcome
Definitive histopathologic analysis revealed that 7 (36.8%) 
craniectomy specimens exhibited microscopic malignant 
invasion of the ASB in the ERTC group. All were histo-
logically low-grade tumours. Clinical tumour staging of 
these cases was: 4 T2 (57.1%), 2 T3 (28.6%) and one T4a 
(14.3%). All these patients had adjuvant radiotherapy and 
none presented tumour recurrence. 

Secondary outcomes 
Ten (30.3%) patients presented a recurrence, 6 (42.9%) of 
the ESS group and 4 (21.1%) of the ERTC group as shown 
in Table  II. All were local recurrences, associated with 
cervical and mediastinal lymph node metastases in one 
case. One recurrence in the frontal lobe was found in the 
ERTC group (5.3%), whereas 4 patients (28.6%) from the 
ESS group presented a recurrence involving the ASB with 
or without intracranial extension. Among these 5 patients, 
2 necessitated surgical revision by craniofacial resection, 
the other 3 presented a locally advanced lesion not eligible 
for surgery and were treated by chemotherapy or palliative 
measures. 
Eight patients (24.2%) presented a total of 11 postoperative 
complications (Tab. III). None led to death. The number of 
complications was higher in the ERTC group (p = 0.037). 
Specifically, the ERTC group exhibited a greater incidence 
of mild complications than the ESS group (p = 0.42), while 
the difference of severe complications was not statistically 
significant (p = 0.162). The most common complications 
were cerebrospinal fluid leak in 4 cases (12.1%) and menin-
gitis in 2 cases (6.1%). Median time of surgery was 5 hours 
and 10 minutes and was not statistically different between 
the 2 groups (p = 0.193). Median hospital stay length was 
6 days for the entire sample and was longer in the ERTC 
group (7 days) than the ESS group (5 days) but not signifi-
cantly (p = 0.055).

Discussion
Jankowski et al. demonstrated that the origin area of SNAC 
is the olfactory cleft 8. The prognosis of this cancer is close-
ly related to local recurrence, notably in the anterior skull 
base 1,12. De Gabory et al. showed the serious consequences 
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Table I. Population and tumour characteristics.

Characteristics All, N = 33 ESS, N = 14 ERTC, N = 19 p value

Gender .496

Female 2 (6.1) 0 2 (11)

Male 31 (94) 14 (100) 17 (89)

Age at diagnosis 70 (62, 79) 70 (64, 74) 68 (62, 80) .662

Laterality .72

Right 13 (39.4) 6 (42.9) 7 (37)

Left 19 (57.6) 7 (50) 13 (63)

Bilateral 1 (3) 1 (7.1) 0

T stage (UICC 2017) .16

1 3 (9.1) 3 (21) 0

2 18 (55) 6 (43) 12 (63)

3 8 (24) 4 (29) 4 (21)

4a 4 (12) 1 (7) 3 (16)

Histology .424

Intestinal 32 (97) 12 (93) 19 (100)

Non-intestinal 1 (3) 1 (7) 0

Barnes’ classification

Papillary 13 (40.6) 6 (43) 7 (37) .191

Colonic 7 (22) 4 (29) 3 (16)

Mucinous 5 (15.6) 1 (7.1) 4 (21.1)

Signet ring cells 2 (6.3) 1 (7.1) 1 (5.3)

Solid 2 (6.3) 2 (14.3) 0

Mixed 2 (6.3) 0 2 (11)

Not specified 3 (9.4) 1 (7.1) 3 (16)

Grade 

High grade 7 (21) 3 (21) 4 (21.1) .39

Low grade 23 (70) 11 (79) 12 (63)

Not specified 3 (9.1) 0 3 (16)

Adjuvant radiotherapy 30 (90.9) 13 (92.9) 17 (89.5) 1
N (%); median (interquartile range). 
ESS: endoscopic sinus surgery; ERTC: endoscopic resection with transcranial craniectomy.

Table II. Recurrence sites.

Recurrences All, N = 33 ESS, N = 14 ERTC, N = 19

All, number of patients (%) 10 (30.3) 6 (42.9) 4 (21.1)

Recurrence sites:

Anterior skull base and/or frontal lobe 5 (15.2) 4 (28.6) 1 (5.3)

Posterior ethmoid and sphenoethmoidal recess 4 (12.1) 1 (7.1) 3 (15.8)

Lamina papyracea 1 (3) 1 (7.1) 0
N (%); ESS: endoscopic sinus surgery; ERTC: endoscopic resection with transcranial craniectomy.
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of a tumour invading the ASB, particularly in the case of a 
meningeal invasion 19. In this case, surgical resection of the 
ASB is necessary 16. Some authors have proposed a resection 
of the ASB in case of a tumour located on or close to the 
lamina cribrosa 10,17. Considering this, we hypothesised that 
adopting a more radical approach to the anterior skull base 
might prove beneficial in terms of tumour control. In previ-
ous literature, it was not possible to investigate the impact of 
a transnasal craniectomy on adenocarcinomas limited to the 
sinonasal cavities, as this surgical procedure was typically 
performed for patients with skull base invasion. 
Our sample was representative of the population present-
ing a SNAC described in the literature 9. The proportion of 
T3-T4 cases was lower, knowing that we excluded locally 
advanced tumours invading the ASB (corresponding to T3, 
T4a or T4b stages). 
We have demonstrated that 36.8% of ASB surgical speci-
mens in the ERTC group exhibited malignant invasion, de-
spite the absence of radiological or intraoperative evidence 
of tumour invasion of the skull base. Furthermore, these 
subclinical invasions were not correlated with high cT stag-
es, with 57.1% of cases previously classified as cT2. To the 
best of our knowledge, the present study is the first to prove 
the frequent malignant invasion of the ASB in patients who 
have not demonstrated any radiological or clinical evidence 
of such invasion. Our study supports that preoperative im-
aging has a poor concordance with histopathology, result-
ing in an underestimation of the cT staging. These findings 

led to a frequent upgrading of the pT status and consequent-
ly influenced the decision regarding adjuvant therapy. In-
deed, current REFCOR guidelines recommend an adjuvant 
radiotherapy for tumour stages up to T2 and/or high grade 
and/or incomplete resection. This seems consistent with the 
results of Camp et al. 14 who observed 24% positive margins 
on olfactory phyla in definitive histopathologic analysis. In 
contrast, Fierens et al. 20 pointed out that preoperative imag-
ing frequently led to an overestimation of the cT staging. 
The authors report that 69% of the pT1-pT2 cases under-
went resection of the skull base, including situations where 
it could have been avoided. It still can be hypothesised that 
in certain cases with surgical preservation of the ASB, a 
microscopic invasion of the skull base might be ignored. 
This finding raises the question of adjuvant radiotherapy 
for patients with pT2 tumours who have undergone surgical 
preservation of the anterior skull base. Interestingly, Turri-
Zanoni et al.  11 found that adjuvant radiotherapy did not 
significantly improve the prognosis of pT2 cases. However, 
they observed better survival trends in the radiotherapy 
group. The authors concluded that adjuvant radiotherapy 
could still be suggested for this population, although there 
is no strong evidence of its beneficial effects. Further stud-
ies are required to investigate the impact of radiotherapy in 
this specific population.
In the study by Camp et al.  14, similar locations of recur-
rence than ours were found: 35% were located on the ASB 
and 45% in the posterior ethmoid. In this study, despite a 

Table III. Secondary outcomes.

Secondary outcomes All, N = 33 ESS, N = 14 ERTC, N = 19 p value

Patients presenting ≥ 1 complication 8 (24.2) 1 (7.1) 7 (36.8)

Complications 11 1 10 .037

Mild complications: 4 0 4 .042

CSF leak, medical treatment 2 0 2

Meningismus 1 0 1

Acute confusion 1 0 1

Severe complications: 7 1 6 0.162

Meningitis 2 1 1

Chronic subdural hematoma 1 0 1

Chronic cerebral abscess 1 0 1

Major pneumocephalus 1 0 1

CSF leak, revision surgery 2 0 2

Surgery time (hours: minutes) 5:10 (3:56, 6:10) 4:19 (3:31, 6:00) 5:24 (4:06, 6:24) .193

Hospital stay duration (days) 6 (5, 8) 5 (4, 6) 7 (6, 9) .055
N (%); median (interquartile range); bold values indicate significant results.
CSF: cerebrospinal fluid; ESS: endoscopic sinus surgery; ERTC: endoscopic resection with transcranial craniectomy.
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“boost” of radiation therapy targeting the recurrence site, 
38% presented a second recurrence, 54.5% of which being 
located on the ASB. Eventually, most necessitated a salvage 
therapy by craniofacial resection. The author explained the 
high number of local recurrences by a possible insufficient 
resection of the ASB, a hypothesis that was also supported 
by Nicolai et al. 17. 
Complication rate was consistent with the rates in other 
studies (Tab. IV) and was significantly higher in the ERTC 
group, with none being lethal. In the literature, it appears 
that this rate seems to be correlated with the proportion 
of transnasal craniectomies. Indeed, the highest number 
of complications is found in the study by Oker et al. who 
performed ERTC on 85% of the population  21. Nicolai et 
al. found a statistically significant difference, but the analy-
sis included a transcranial resection group 17. In the latter 
study, hospital stay was longer in the case of craniectomy 
(ESS, 7.4 days and ERTC, 14.1 days). In our work, there 
was also a difference of hospital stay length but not in sig-
nificant proportions. On the contrary, Vergez et al. did not 

find any significant difference in complications or hospital 
stay length depending on the resection of the ASB 11. These 
data suggest that patients should be carefully selected for 
transnasal craniectomy depending on their comorbidities 
and functional status. As previously stated, adjuvant radio-
therapy should be considered as an alternative treatment op-
tion, particularly in patients with significant comorbidities. 
Further studies would be beneficial in assessing the risk-
benefit ratio of a systematic transnasal craniectomy versus 
systematic adjuvant radiotherapy in T2 tumours.
In our study, one well-differentiated, low-grade n-ITAC was 
included. Notwithstanding the significant histopathological 
discrepancy between intestinal SNAC (ITAC) and n-ITAC, 
the decision was taken to retain this case. This was done in 
accordance with the objectives of the study, which were to 
concentrate on microscopic invasion and prognosis in re-
lation to the surgical technique. Both surgical techniques 
(ESS and ERTC) are suitable for n-ITACs, depending on 
their clinical presentation. Both tumour types have been 
observed to demonstrate a tendency to invade the anterior 

Table IV. Review of the literature.

Authors Year Country No. of 
patients

Mean 
follow-up 1

Recurrence rate 
(%)

Local rec. rate 
(%)

Median time to 
rec. 1 

Complication rate 
(%)

This study 2023 France 33 75.7 30.3 30.3 34 24.2

ESS 14 42.9 42.9 34 7.1

ERTC 19 21.1 21.1 48 36.8

De Gabory et al. a 2022 France 257 52 24.6 N/A 36.8 8.4

Russel et al. 2018 France 67 61 23.9 N/A 41.5 N/A

ESS 56

ERTCb 11

Schreiber et al. 2018 Italy 27 N/A N/A 7.4 N/A N/A

Oker et al. 2017 France 60 34 21.6 13.3 10 33.3

Camp et al. 2016 Belgium 123 N/A N/A 38 21 N/A

Nicolai et al. a 2015 Italy 169 42.8 21.3 16 13 17.1

ESS 38 7.9

ERTCb 103 11.7

Vergez et al. 2013 France 159 32.5 17.6 N/A 23 19

ESS 85 17.6 14.1c

ERTC 74 17.6 18.9c

Van Gerven et al. 2010 Belgium 44 61 N/A 36 N/A N/A

Bogaerts et al. 2008 Belgium 44 36 N/A 27 N/A N/A

Lund et al. 2007 USA 15 N/A N/A N/A N/A N/A

Goffart et al. a 2000 Belgium 78 N/A N/A 30 12.8 N/A
1Time (months); aResults only for patients treated by full-endoscopic resection; b ERTC performed only for patients with tumoral invasion of the anterior skull base; cComplication rate 
calculated on 132 patients.
ESS: endoscopic sinus surgery; ERTC: endoscopic resection with transcranial craniectomy; N/A: not available; OS: overall survival; rec.: recurrence, RFS: recurrence-free survival.
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skull base 25. The existing body of literature provides equiv-
ocal information regarding the prognosis and the specific 
standard of care required for these tumours. The study by 
Chen et al. 26 reported no significant difference in survival 
when comparing 300 n-ITACs and 25 ITACs. Bhayani et 
al.  27 came to the same conclusion in their study involv-
ing 30 of 66 patients presenting n-ITAC. Conversely, Big-
nami et al. found better outcomes than those documented 
in the literature. They also highlighted that, as for ITACs, 
the ability to reach free-margins resection is the paramount 
prognostic factor. This conviction is also held by the present 
authors and formed the motivation for the present study.
This study had some limitations. The primary limitation of 
this study was the small sample size, which was a conse-
quence of the low prevalence of this cancer and the mono-
centric nature of the study. Since there is no evidence that 
ERTC is superior to ESS in a given situation, the choice of 
surgical technique was left to the surgeon after a recommen-
dation from a multidisciplinary oncology board. This can 
be viewed as a source of bias. However, different surgeons 
performed one technique or the other. This helped limit the 
risk of bias related to the surgeon’s experience. Finally, due 
to the rarity of SNAC and the necessity of a long follow-
up period to detect long-term recurrences, a retrospective 
study design was chosen, despite the potential for bias. As 
a further development of this work, a multicentre study in-
volving a much larger sample would be highly informative 
in evaluating the generalisability of our results and assess 
the prognostic impact of a systematic ERTC. In addition, 
a comprehensive evaluation of the overall survival and the 
recurrence-free survival, in conjunction with an assessment 
of the quality of life associated with the surgical technique, 
would facilitate a more comprehensive understanding of the 
tangible impact of the surgery and its complications.

Conclusions
This study provides the first significant evidence of a fre-
quent subclinical tumour invasion of the anterior skull base 
in small stage cT2 SNAC cases, thus confirming the poor 
radiologic-pathologic correlation. These findings enabled 
a reassessment of the TNM classification, which impacted 
the indications of adjuvant radiotherapy. Our results in-
dicate that systematic biopsies of the anterior skull base, 
perhaps involving a more radical resection, might help to 
prevent misdiagnosis and to treat subclinical invasion of 
the skull base. Adjuvant radiotherapy should be considered 
to achieve local control of the primary tumour site in T2 
lesions, particularly when a transnasal craniectomy is not 

deemed a reasonable option. Further studies with larger 
sample sizes are necessary to more fully define the risk-
benefit ratio of systematic transnasal craniectomy on the 
prognosis of SNAC.
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