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Objective: To investigate the effects of endoscopic endonasal surgery (EES) on longitudinal quality of life (QoL) in patients with
malignant tumors of the anterior skull base.

Methods: Eligible patients prospectively completed the Anterior Skull Base Surgery Questionnaire (ASBQ) and the 22-item Sino-
Nasal Outcome Test (SNOT-22) questionnaires in referring to 3 different periods throughout their treatment and recovery.

Results: Forty patients were included. The median volume coronal maximum length of the tumor was 3.6 cm (95% CI 2.7-4.1cm).
Overall QoL significantly worsened at 1 month postoperatively but returned to baseline after 1 year. Unrelieved symptoms in specific
domains prompted further evaluation of individual items. Transient worsening of taste (p=0.011) and olfaction (p=0.004) lasted for 1
month but gradually relieved within the first postoperative year, but vision consistently worsened over the course of the treatment
(p=0.126). Age>50 years (p<0.001), comorbidities (p<0.001), tumor necrosis (p<0.001) and recurrence (p=0.001) were associated with
worse preoperative QoL. Poor long-term QoL was noted in those undergoing adjuvant therapy (p=0.032). Overall ASBQ scores
(p=0.024), subdomain scores in specific symptoms (p=0.016), and vision scores (p=0.009) were worse only in patients with the greater
coronal maximum diameter at 1-month postoperatively. Greater coronal maximum diameter was related to worse preoperative
subdomain scores regarding specific symptoms (p=0.030) and decreased postoperative long-term decreased vision scores (p=0.014).
Conclusion: Long-term site-specific and sinonasal QoL eventually stabilized after EES. Greater coronal maximum diameter was
significantly associated with worsened vision function. Temporarily worse olfactory, vision, and taste function may be tied to
decreased short-term QoL.
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Introduction

According to several international centers, minimally invasive endoscopic endonasal surgery (EES) can be an effective
alternative to traditional open surgery and microscope-based approaches for treating malignant tumors of the anterior
skull base upon adequate assessment and under expert guidance because of its shorter recovery period, better wound
healing, increased illumination, and improved visualization of the operating field."> Numerous malignant tumors that
affect the anterior skull base can even extend to the olfactory region, orbit, cavernous sinus, and frontal lobe, all of which
are closely linked to iatrogenic morbidity.” Growing evidence suggests that the EES can entirely remove tumors
affecting the skull base and dura despite a higher risk of cerebrospinal leakage, anosmia, and dysgeusia.®*'* In the
literature, evaluation of the therapeutic effect of EES in the treatment of malignant tumors involving the anterior skull
base has generally concentrated on surgical resection, complications, survival rate, and other characteristics. From

a clinical viewpoint, the type of treatment causing the lowest possible impact on the patient’s quality of life (QoL)
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should be chosen. In addition, QoL measures may eventually become reportable indicators of the success of a surgical
intervention. QoL instruments can be generalized or site- or disease-specific. It is crucial to use reliable tools to evaluate
the QoL of patients with malignant tumors of the anterior skull base treated with EES. The Anterior Skull Base
Questionnaire (ASBQ) is the most widely used disease-specific health-related QoL tool.'> The psychometric properties
of the questionnaire have been preliminarily explored and tested for the endoscopic approach.™'* As a characteristic QoL
measurement tool in the rhinology literature, the 22-item Sino-Nasal Outcome Test (SNOT-22) was designed to assess
chronic rhinosinusitis requiring functional sinus surgery. While the SNOT-22 lacks pertinent skull base problems, it can
be used as a complementary instrument for the evaluation of patients with malignant tumors of the anterior skull base.

At present, numerous studies have explored the changes in QoL after EES for benign diseases of the anterior skull
base,! "> but for malignant tumors of the anterior skull base, the literature is limited and heterogencous. In
a prospective study involving 66 sinonasal malignant patients undergoing endoscopic skull base surgery, Glicksman
et al found that sinonasal QoL, as measured by the SNOT-22, appeared to significantly improve at 3 months following
resection when compared with the preoperative baseline, and this improvement was sustained throughout a 2-years
follow-up.'” However, in a recent review, researchers determined that patients with malignant anterior skull base tumors
experienced an initial decrease in QoL after EES followed by a slow improvement over several months, while stabilizing
at a lower QoL than initially.'® In addition, a typical concern is the recent use of artificial repair materials and autografts
for skull base reconstructions, which may have negative implications for patient’s QoL.'” ' Therefore, we sought to
assess QoL during the recovery periods after EES for malignant tumors of the anterior skull base using the ASBQ and the
SNOT-22 and then used the patient’s preoperative QoL score as an internal control. Moreover, we further investigated
demographic, clinical, surgical, and oncological factors associated with QoL change.

Methods

Patient Selection and Information Retrieval

We prospectively recruited patients with malignant tumors of the anterior skull base who were prepared to undergo EES
from January 2021 to July 2021 at the Departments of Otorhinolaryngology of the Fudan University of the ENT and Eye
Hospital. The surgical procedure was performed by two technical teams with similar conceptions of clinical and surgical
strategies. All patients who underwent EES for pathologically confirmed malignant tumors of the anterior skull base were
identified. Demographic and clinical data, pathologic findings, surgical reports, data on adjuvant therapies and complica-
tions, and follow-up information were retrieved from a clinical database and telephone interview. Patients were selected
based on the following criteria: age > 18 years of age; malignant tumors involving at least the bone of the anterior skull
base; treated via EES with curative intent; able to read and write, and without severe psychopathological or cognitive
impairment. Patients unable to complete more than 1 year of follow-up were excluded. All patients whose enhanced
magnetic resonance imaging (MRI) showed lesions < 1.8 mm away from the internal carotid artery (ICA) were defined as
ICA invasion. We defined orbital invasion and intracranial invasion as tumor invasion of at least the extraconal fat and
dura, respectively. Tumor volume was calculated by the length X width x height on T1-weighted enhanced MRI.
Comorbidity was defined as underlying disease, mainly including hypertension, diabetes, and cerebral infarction, and
was diagnosed before or during hospitalizations. Data were collected from patients anonymously and voluntarily with
a verbal agreement, which was accepted and approved by the Institutional Review Board of the Affiliated Eye, Ear, Nose,
and Throat Hospital at Fudan University. We confirmed that our study complied with the Declaration of Helsinki.

Surgical Procedures

Choosing to undergo EES depended on tumor location, disease degree, the preferences of patients, and consultation with
radiation oncologists and surgeons. The surgery is mainly performed by otolaryngologists, but the resection of intracranial
tumors often requires the assistance of neurosurgeons. The extent of lesion involvement was determined by the endoscopic
findings and imaging results (Figure 1A-D). Upon completion of the survey, endoscopic examination and intranasal
debridement were performed during each postoperative visit. Imaging examinations were performed every 3 months within
1 year after surgery (Figure 1E-H). The primary surgical procedures are briefly described as follows. If possible, intranasal
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Figure | Preoperative and postoperative imaging results of malignant tumors of the anterior skull base. Coronal (A) and horizontal (B) enhanced computed tomography
demonstrated a mass in the bilateral ethmoid sinus, olfactory sulcus, and anterior skull base involving the left frontal lobe with cerebral edema. Coronal T1 weighted (C) and
horizontal T2 weighted (D) enhanced magnetic resonance imaging revealed a soft tissue mass in the bilateral ethmoid sinus floor; olfactory sulcus, and anterior skull base
invading the base of bilateral frontal lobes, and was approximately 2.6cm*4.5cm*3.6cm. Three months after surgery, coronal (E) and horizontal (F) enhanced computed
tomography showed that the bilateral nasal and anterior skull base mass had been removed with intracranial hemorrhage and gas largely absorbed. Coronal T1 weighted (G)
and horizontal T2 weighted (H) enhanced magnetic resonance imaging did not reveal an abnormal strengthening mass in the bilateral nasal operative cavity.

lesions were excised for pathologic examination. While expanded excision was considered, the Draf III approach was
performed on the anterior skull base, and the bilateral lamina papyracea was observed (Figure 2A and B). After blocking
both the anterior and posterior ethmoidal arteries (Figure 2C), the anterior skull base bone was removed and the dura was
cut along the safe surgical margin (Figure 2D). The frontal lobe was examined and if invaded, the affected portion was also
resected to the safe margin. Artificial repair materials and autografts were harvested for skull base reconstruction. The dural
defect was repaired with the artificial dura or fascia lata of the thigh (Figure 2E). Extracranial restoration required a Hadad-

Bassagasteguy flap or a free mucosa flap of the middle turbinate (Figure 2F).

Questionnaires and Assessments

QoL outcomes were routinely assessed using the ASBQ'? and SNOT-22.?* The ASBQ complete questionnaire consists of
35 questions ranging from general domains of pain, energy, and mood to specific questions covering smell, taste, and
nasal function. All answers on a Likert scale range from 1 to 5 with a higher score indicating a better QoL. The SNOT-22
consists of 22 questions with a higher score indicating a worse QoL. Primary assessments were performed on the overall
scores of ASBQ and SNOT-22. Six subscale scores of the ASBQ for performance, physical function, emotions, vitality,
pain, and specific symptoms were also assessed. Malignant tumors of the anterior skull base are inclined to involve the
olfactory groove and orbit, affecting the taste, smell, and vision functions of the patients before and after EES treatment.
Therefore, Questions 10—11 and 15 of the ASBQ were extracted to assess the taste, smell, and vision subdomains,
respectively. The questionnaires were administered in person or by telephone interview. An independent doctor
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Figure 2 The main surgical procedures for resection of malignant tumors of the anterior skull base. (A) The frontal sinus was contorted and the anterior skull base was
exposed. (B) The left extraconal fat invaded by the tumor was excised. (C) The left anterior ethmoidal artery was blocked. (D) The involved dura was successfully isolated
and resected. The fascia lata of the thigh (E) and the Hadad-Bassagasteguy flap (F) were successively covered to reconstruct the anterior skull base.

conducted all interviews to avoid any bias from doctor—patient interactions. Patients completed the questionnaires
referring to 3 different periods throughout their treatment and recovery. The preoperative period was assessed to establish
a baseline for QoL. The 1-month period was helpful to investigate how much the resection and its extensiveness had
affected the patient’s QoL, and the 1-year period was used to evaluate the long-term effect on QoL.

Statistical Analysis

A commercially available computer software package (IBM SPSS for Windows, version 22.0) was applied. Each case
has its own historical control. Outcome parameters were summarized using simple descriptive statistics. After confirming
the normality test, we used the paired #-test to compare mean preoperative and postoperative overall scores and
subdomain scores. Since the normality test was not passed, we adopted a more appropriate Wilcoxon rank test for
preoperative and postoperative single-item scores of taste, smell, and vision. In addition, a distribution-based method was
used to assess the minimal clinically important difference (MCID). The calculation formula was as follows: MCID = 0.5
x SDbaseline; SDbaseline means standard deviation of preoperative overall scores. Pearson’s correlation was used to
analyze the correlation between the ASBQ and SNOT-22 scores. After confirming the normality test, univariate analysis
of the ASBQ scores, subdomain scores, and single-item scores was performed for potentially relevant variables
associated with demographic, clinical, surgical and oncological parameters at 3 different time points using unpaired
t-tests. A p value < 0.05 was considered statistically significant.

Results

Patients

After the initial screening, 56 patients met the inclusion criteria, of which 7 patients declined to participate in the study, 5
patients were lost to follow-up (3 at 1 month after surgery and 2 at 1 year after surgery), and 4 patients were excluded due
to missing data. Available clinical/demographic variables of refusal and attrition patients are basically consistent with that
of eligible patients. Finally, forty patients were recruited, with a mean age of 53.0 years (range, 26—76 years) and male
preponderance (60.0%). The most common symptoms at presentation were nasal obstruction (52.5%) and nasal
hemorrhage (35.0%). Tumor necrosis was observed in 9 (22.5%) patients. Lymph node metastasis was noted in 5
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(12.5%) patients. The majority of patients (82.5%) underwent gross-total resection (GTR) of their tumor. Anterior skull

base tumors frequently invade the orbit (52.5%) but comparatively less frequently invade the intracalvarium (30.0%).

Few patients (15.0%) with large tumors reported ICA involvement. The median tumor volume was 16.1 cm? (95% CI

3.042.1 cm?®). The median coronal maximum length was 3.6 cm (95% CI 2.7—4.1 cm). Postoperative cerebral edema was

seen in 5 (12.5%) patients and was transient. Cerebrospinal fluid leakage occurred in 2 (5.0%) patients postoperatively

and was managed successfully with subsequent repair. Seventeen (42.5%) patients received postoperative adjuvant

therapies. The most commonly used reconstruction materials were artificial dura (25.0%) and fascia lata of the thigh

(25.0%). Other preoperative and postoperative information on the recruited patients, including detailed pathological types

are summarized in Table 1 and Table 2, respectively.

Table | Preoperative Characteristics of Recruited Patients with

Malignant Tumors Involving Anterior Skull Base

Parameters No. (%)
Sex

Male 24 (60.0)

Female 16 (40.0)
Age at diagnosis

<50 17 (42.5)

> 50 23 (57.5)
Smoking history

No 35 (87.5)

Yes 5 (12.5)
Drinking history

No 33 (82.5)

Yes 7 (17.5)
Comorbidity

Hypertension 14 (35.0)

Diabetes 2 (5.0)

Cerebral infarction 1 (2.5)
Main manifestation

Nasal obstruction 21 (52.5)

Nasal hemorrhage 14 (35.0)

Anosmia 3 (7.5

Dysopsia 2 (5.0)
Lymph node metastasis

No 35 (87.5)

Yes 5(12.5)
Distant metastases

No 37 (92.5)

Yes 3 (7.5)
Orbital invasion

No 19 (47.5)

Yes 21 (52.5)
Intracranial invasion

No 28 (70.0)

Yes 12 (30.0)
ICA involvement

No 34 (85.0)

Yes 6 (15.0)
Median tumor volume (95% Cl), cm? 16.1 (3.0-42.1)
Median coronal maximum length (95% CI), cm 3.6 (2.74.1)

Abbreviation: ICA, Internal carotid artery.
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Table 2 Postoperative Characteristics of Recruited Patients
with Malignant Tumors Involving Anterior Skull Base

Parameters No. (%)

Tumor necrosis

No 31 (77.5)

Yes 9 (22.5)
Extent of resection

Gross-total resection 33 (82.5)

Subtotal resection 7 (17.5)
Recurrence status

No 33 (82.5)

Yes 7 (17.5)
Complication

Cerebral edema 5 (12.5)

CSF leak 2 (5.0

Intracranial infection 1 (2.5)

Intracranial hematoma 1 (2.5)

Postoperative adjuvant therapy

Radiotherapy 5 (12.5)
Chemotherapy 2 (5.0)
Radiotherapy+ Chemotherapy 6 (15.0)
Immunotherapy 2 (5.0)
Chemotherapy+immunotherapy 2 (5.0)
Skull base reconstruction
Artificial dura 10 (25.0)
Fascia lata of the thigh 10 (25.0)
Hadad-Bassagasteguy flap 9 (22.5)
Mucosal flap of middle turbinate 2 (5.0)
Pathological type
Olfactory neuroblastoma 16 (40.0)
Adenoid cystic carcinoma 3 (7.5)
Melanoma 3 (7.5)
Nasal sinus squamous cell carcinoma 3 (7.5)
Inverting papilloma with canceration 3(7.5)
Metastatic poorly differentiated carcinoma 3 (7.5)
Non keratinizing undifferentiated carcinoma 2 (5.0)
Else 7 (17.5)

Abbreviation: CSF, Cerebrospinal fluid.

QolL

The mean values of overall ASBQ scores started at 3.68 (95% CI 3.53-3.82) in the preoperative period, significantly
decreased to 3.39 (95% CI 3.20-3.59, p < 0.001) in the 1-month posttreatment period, and then stabilized at 3.75 (95%
CI 3.58-3.93, p=0.073) in the 1-year postoperative period. At the one-year follow-up, 6 (15.0%) patients deteriorated, 10
(25.0%) patients improved, and 24 (60.0%) patients returned to preoperative level based on the ASBQ scores. Similarly,
the mean values of the overall SNOT-22 score started at 2.11 (95% CI 1.99-2.23) during the preoperative period,
significantly increased to 2.33 (95% CI 2.18-2.48, p< 0.001) during the 1-month posttreatment period, and stabilized at
2.14 (95% CI 2.00-2.28, p=0.493) during the 1-year postoperative period. Moreover, both the difference in mean overall
ASBQ (0.2857 > 0.2117) and the SNOT-22 (0.2250 > 0.1387) scores at the 1-month posttreatment period reached their
respective MCID when compared with baseline (Table 3). The ASBQ and the SNOT-22 scores showed a significant
inverse correlation preoperatively and at 1 month and 1 year postoperatively (= - 0.7754, = - 0.6300, r= - 0.6162,
respectively) (Supplementary Table 1). At 1 month following surgery, independent analysis of the ASBQ scores’ two

subdomains regarding physical function (p=0.001) and specific symptoms (p=0.008) revealed significantly lower scores.
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Table 3 Overall ASBQ and SNOT-22 Scores in Patients with Malignant Tumors Involving Anterior Skull Base

Time Since Surgery ASBQ SNOT-22

Mean (95% CI) P value MCID Mean (95% CI) P value MCID

Preoperatively 3.68 (3.53-3.82) 0.2117 2,11 (1.99-2.23) 0.1387
| month 3.39 (3.20-3.59) <0.001* 2.33 (2.18-2.48) <0.001*
| year 3.75 (3.58-3.93) 0.073 2.14 (2.00-2.28) 0.493

Notes: *p < 0.05, paired 2-tailed t-test.
Abbreviations: ASBQ, Anterior Skull Base Questionnaire; SNOT-22, 22-item Sinonasal Outcome Test; Cl, confidence interval; MCID, minimal
clinical important difference.

At 1 year following surgery, five subdomains returned to baseline, except for specific symptoms (Figure 3). Furthermore,
significantly worse smell component ASBQ scores were noted at the 1-month posttreatment period (mean 2.50, 95% CI
2.12-2.88, p=0.004) when compared with baseline (mean 3.15, 95% CI 2.72-3.58) and were still lower than baseline at
the 1-year postoperative period (mean 2.60, 95% CI 2.21-3.00, p=0.019). Olfaction was closely related to taste and
showed a similar tendency. Significantly worse taste component ASBQ scores were detected at the 1-month posttreat-
ment period (mean 3.13, 95% CI 2.77-3.48, p=0.011) compared with baseline (mean 3.63, 95% CI 3.31-3.94), but
returned to baseline at 1 year after surgery (mean 3.43, 95% CI 3.09-3.76, p=0.333). Vision component ASBQ scores
gradually decreased as the time from surgery increased, but there were no significant differences at 1 month after surgery
(mean 3.20, 95% CI 2.95-3.45, p=0.136) and at 1 year after surgery (mean 3.08, 95% CI 2.77-3.38, p=0.072) compared
with baseline (mean 3.40, 95% CI 2.93-3.61) (Figure 4). In addition, the ASBQ and SNOT-22 demonstrated the largest
symptom burden in items of the sense of smell, taste, and eyesight at 1 year postoperatively (Supplementary Table 2).

Univariate Analysis
Univariate analysis was performed for several variables at each time point (Figure 5). Age (<50 years) (p<0.001), non-
comorbidity (p<0.001), non-tumor necrosis (p<0.001), and non-recurrence (p=0.001) were associated with better
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Figure 3 Plots illustrating preoperative and postoperative scores for each of the six domains assessed using the ASBQ. A higher score indicates better quality of life. *p < 0.05
(paired t-test).
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postoperative year. The vision domain demonstrates continued deterioration. Lower scores represent worse QOL. *p < 0.05 (paired t-test).
Abbreviations: Pre-op, preoperatively; IM, | month postoperatively; 1Y, | year postoperatively.
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Figure 5 Univariate analysis of ASBQ scores for patients who underwent endoscopic endonasal surgery for malignant tumors of the anterior skull base. A higher score
indicates better quality of life. The y-axes represent the scores. The p values represent the comparisons between subgroups. *p < 0.05 (two-tailed t-test).

preoperative overall ASBQ scores. A coronal maximum diameter > 3 cm was associated with lower overall ASBQ scores
at 1 month postoperatively (p=0.024). Overall, ASBQ scores were worse in those with tumor necrosis (p=0.002) and
those undergoing adjuvant therapies at 1 year postoperatively (p=0.032). There were no significant differences in overall
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ASBQ scores in terms of sex, the extent of resection, orbit invasion, intracranial invasion, tumor volume, complications,
or skull base reconstruction. Univariate analysis of subdomain scores for variables was further assessed. Patients over 50
years of age had lower scores in the four preoperative subdomains (performance, vitality, emotional impact, and specific
symptoms). ICA involvement (p=0.044) and orbital invasion (p=0.040) were related to worse preoperative subdomain
scores regarding the emotional impact and specific symptoms, respectively. A coronal maximum diameter > 3 cm was
associated with worse subdomain scores regarding specific symptoms preoperatively (p=0.030) and 1-month postopera-
tively (p=0.016). A long-term decline in vitality score was observed only in those with ICA involvement (p=0.010)
(Table 4). Univariate analysis was used to examine the ASBQ scores for relevant items, including smell, vision, and taste.
Age (<50 years) was related to better baseline taste (p=0.005). Preoperative vision (p=0.012) and taste (p=0.032) were
worse in patients with comorbidities. Patients with a coronal maximum diameter > 3 cm registered poorer vision at the
I-month (p=0.009) and 1-year (p=0.014) postoperative assessments (Table 5).

Discussion

The majority of research outcomes for malignant tumors of the anterior skull based have traditionally focused on survival
and complications. Despite improvements in multimodal treatment and surgical techniques, survival rates have plateaued,
and thus, efforts have been directed toward incorporating QoL as a key outcome parameter, balancing oncologic
management with functional disability.>>>> A patient’s QoL has become increasingly for improving preoperative
counseling, surgeon willingness, surgical outcomes, and subsequent recovery.”® The evaluation of QoL using appropriate
questionnaires in patients with malignant tumors of the anterior skull base undergoing EES treatment comprises broad
confounding variables, including demographic, clinical, and surgical factors. However, studies specifically addressing the
QoL of patients with malignant tumors of the anterior skull base via EES are lacking and inconsistent. Chow et al
reported that the QoL of patients with malignant tumors of the anterior skull base improved within a few months after
surgery but still stabilized at a lower level than the initial QoL mainly related to postoperative adjuvant therapy.'® Our
results showed that the overall ASBQ scores significantly worsened at 1 month postoperatively but slowly recovered to at
least preoperative values at the 1-year follow-up. QoL can be affected for several years after treatment.?”*® Therefore,
long-term follow-up is required to monitor any decline in QoL. In this study, postoperative overall SNOT-22 scores
indicated a decline in early postoperative sinonasal-related QoL, which may be associated with nasal edema, crusting,
and nasal secretions. Subsequent debridement and nasal irrigation helped to alleviate these symptoms. Additionally,
a substantial inverse correlation between the ASBQ and SNOT-22 indicated that assessment using several instruments
would yield Supplementary Information. It was recommended that the use of several instruments might provide more

additional data that cover multiple fields.

In our study, the univariate analysis demonstrated that worse preoperative QoL was associated with age (>50 years)
and comorbidities. However, low preoperative QoL was significantly associated with female sex and diabetes in
a prospective cohort with pituitary lesions.'” Therefore, comorbidities appeared to have a general effect on the
preoperative QoL of patients undergoing anterior skull base surgery. Worse postoperative QoL was significantly
correlated with tumor necrosis, larger coronal maximum diameter, and postoperative adjuvant therapy in univariate

analysis. Our previous study reported by Li et al*’

found that tumor necrosis was not significantly related to postoperative
QoL in patients with nasopharyngeal carcinoma. Radiotherapy as a common postoperative adjuvant treatment was noted
in 11 of 17 (64.7%) patients. Long-term outcomes suggested that patients receiving radiotherapy had impairments across
multiple memory fields. Visual memory deteriorated over time, but verbal memory remained stable These findings
highlighted the severity of neurocognitive deficits in anterior skull base patients treated with radiotherapy. Impaired QoL
associated with a larger coronal maximum diameter was first reported 1 month after surgery, likely due to extensive
dissection. Our GTR rate (82.5%) is basically consistent and even superior to that in a series of benign patients
(78.0%)."" Considering the surgical advances in optic nerve decompression®® and internal carotid artery
embolization,’ GTR is likely achieved in most patients who undergo EES by experienced surgeons. A study suggested
that incomplete resection may result in initially higher QoL scores postoperatively but could lead to further surgery or
adjuvant radiotherapy that would result in worsening of long-term QoL.** Although we found no significant difference
between the GTR and subtotal resection groups at the l-year of follow-up, a longer follow-up may shed light on
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Table 4 Univariate Analysis of Subdomain Scores of the ASBQ Inpatients with Malignant Tumors Involving Anterior Skull Base

P value Performance Physical Function Vitality Pain Emotional Impact Specific Symptoms
Pre M 1Y Pre IM 1Y Pre IM 1Y Pre M 1Y Pre IM 1Y Pre IM 1Y
Gender 0.888 | 0.815 | 0.584 | 0.897 | 0964 | 0.330 | 0.715 | 0.713 | 0243 | 0.584 | 0.626 | 0.936 | 0476 | 0.523 | 0.273 | 0.458 0.977 | 0.655
Age 0.022* | 0.853 | 0.727 | 0.146 | 0.012* | 0.243 | 0.000* | 0.367 | 0.065 | 0.578 | 0.859 | 0.888 | 0.034* | 0.049* | 0.394 | 0.000* | 0.187 | 0.510
Comorbidity 0.601 | 0986 | 0.941 | 0.514 | 0.713 | 0.85] | 0447 | 0.996 | 0.795 | 0.475 | 0.802 | 0.447 | 0.005* | 0.048* | 0.599 | 0.577 0.964 | 0.952
Tumor necrosis 0.291 | 0914 | 0523 | 0.791 | 0.678 | 0.978 | 0.055 | 0.596 | 0.532 | 0.323 | 0.669 | 0.324 | 0.075 | 0.027* | 0.100 | 0.022* | 0.054 | 0.052
Extent of resection 0.206 | 0.267 | 0.545 | 0.479 | 0.614 | 0.646 | 0440 | 0.058 | 0.129 | 0.305 | 0.564 | 0.216 | 0.421 0.607 | 0.659 | 0.126 | 0.087 | 0.163
Orbital invasion 0.748 | 0986 | 0451 | 0.766 | 0.888 | 0361 | 0.348 | 0.733 | 0.090 | 0.642 | 0.922 | 0.998 | 0.783 0.537 | 0.815 | 0.040* | 0.390 | 0.326
ICA involvement 0.498 | 0.625 | 0.537 | 0.661 | 0.640 | 0.808 | 0.053 | 0.148 | 0.010* | 0.852 | 0.794 | 0.828 | 0.044* | 0.074 | 0.211 | 0.406 0.544 | 0.364
Intracranial invasion 0.723 | 0987 | 0371 | 0.560 | 0.185 | 0.113 | 0.567 | 0.215 | 0.325 | 0.258 | 0.999 | 0.189 | 0480 | 0.783 | 0.450 | 0412 0.155 | 0.536
Tumor volume 0.809 | 0.705 | 0432 | 0.610 | 0.888 | 0.27I | 0.853 | 0.872 | 0.227 | 0.607 | 0.561 | 0.906 | 0.232 0915 | 0393 | 0494 | 0.955 | 0.372
Coronal maximum diameter | 0.458 | 0.745 | 0.597 | 0.984 | 0.409 | 0.514 | 0.686 | 0.288 | 0.505 | 0.864 | 0.542 | 0.267 | 0.463 0.095 | 0.309 | 0.030* | 0.016* | 0.172
Complication 0.868 | 0.683 | 0.304 | 0.859 | 0.987 | 0.067 | 0.363 | 0.374 | 0.070 | 0.543 | 0.697 | 0.906 | 0.05 | 0.043* | 0.559 | 0.262 0.285 | 0.889
Adjuvant therapy 0.999 | 0712 | 0.304 | 0.106 | 0.856 | 0.405 | O.111 | 0381 | 0.061 | 0234 | 0.512 | 0.891 | 0.762 0.438 | 0351 | 0.426 0.102 | 0.089
Reconstruction 0311 | 0934 | 0434 | 0.105 | 0324 | 0.253 | 0.160 | 0.472 | 0.209 | 0.680 | 0.645 | 0.565 | 0.903 0417 | 0.851 | 0.231 0.761 | 0.450

Note: *P< 0.05.

Abbreviations: Pre, preoperative period; IM, I-month postoperative period; |Y, |-year postoperative period; ICA, Internal carotid artery.
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Table 5 Univariate Analysis of Smell, Vision and Taste Scores Inpatients with Malignant Tumors Involving Anterior Skull Base

P value Smell Vision Taste
Variable
Pre IM Y Pre IM 1Y Pre IM 1Y

Gender 0.277 0.181 0.381 0.892 0.936 0.687 0.329 0.776 0811
Age 0.201 0.896 0.761 0.073 0.525 0.672 0.005* 0.164 0.260
Comorbidity 0.208 0.503 0.190 0.012* 0416 0.524 0.032* 0.406 0.677
Tumor necrosis 0517 0.274 0.304 0.810 0.707 0.289 0.316 0.164 0.175
Extent of resection 0.774 0.865 0.466 0.214 0.211 0.122 0.566 0.964 0.445
Orbital invasion 0.467 0.697 0.725 0.251 0.093 0.061 0.186 0.701 0.786
ICA involvement 0.772 0.999 0.833 0.258 0.509 0.800 0912 0.626 0.822
Intracranial invasion 0.338 0.152 0.379 0.661 0.864 0.263 0.863 0.879 0.543
Tumor volume 0.506 0.549 0.382 0.699 0.363 0.776 0.927 0.573 0.350
Coronal maximum diameter 0.071 0.110 0.246 0.252 0.009* 0.014* 0.734 0.521 0.784
Complication 0.061 0.055 0.160 0.487 0.978 0.172 0416 0.529 0.597
Adjuvant therapy 0.898 0.144 0.110 0.276 0.812 0.074 0.659 0.241 0.206
Reconstruction 0.719 0.234 0.415 0.073 0.148 0.110 0.445 0.805 0.599

Note: *P< 0.05.
Abbreviations: Pre, preoperative period; IM, |-month postoperative period; |Y, |-year postoperative period; ICA, Internal carotid artery.

differences in QoL between the two groups. Cerebrospinal fluid leakage is a frequent and feared complication after EES,
which often triggers tension pneumocephalus and meningitis. Our rate of postoperative cerebrospinal fluid leakage
(5.0%) is similar to the rate from meningioma surgery (6.0%). The main possible explanation for the lower rate is careful
manipulation by the surgeon and timely skull base repair during the operation. Despite retraction of brain tissue or
resection of the affected tissue, the majority of postoperative brain edema (12.5%) was transient with postoperative
excellent fluid management, and brain edema appeared to have diminished during the imaging examination several
months following surgery. The use of artificial and autogenous flaps reduced the risk of cerebrospinal leak rates in many
series,> > highlighting the importance of this reconstruction technique for closing high-grade skull base defects.
Interestingly, we obtained the above results based on whether skull base reconstruction was performed, and in practice,
we used a variety of reconstruction materials. The impact of each reconstruction material on QoL should be further
evaluated.

Severe symptom assessment and subdomain analysis simultaneously revealed the significant impact of taste, smell,
and vision on patients with malignant tumors of the anterior skull base after EES. At long-term follow-up, smell and taste
scores of the ASBQ were below preoperative baseline but gradually recovered. Similarly, according to the ASBQ, poor
smell symptoms affected most patients (40% of patients reported scores of 1 or 2) in the malignant cohort.*® Taste is
inextricably linked to smell, and combined deficits are closely related to worse QoL. Routine procedures involve removal
of the olfactory mucosa, destruction of the lamina cribrosa, and partial sectioning of the olfactory fibers and predictably
lead to a considerable reduction or loss of olfactory capacity. In addition, the continuous decline in vision scores of the
ASBQ is of concern. Although orbital invasion may lead to blindness and decreased QoL, it was not found to be
associated with decreased survival.>’” We believe that a combined analysis of QoL and survival rates would be more
important. Owning to the short follow-up period, these data are not presented here, and long-term follow-up data may
explain the pertinence between QoL and survival. Furthermore, remedies for postoperative taste, visual and olfactory
defects in patients with anterior skull base malignancies need to be further explored.

Several limitations of this study must be considered in guiding future research. First, these are exploratory analyses, thus
the findings are only preliminary. Second, the ASBQ was not validated for comparisons of single items as opposed to subscale
scores, so findings regarding taste, smell, and vision were merely impressionistic. Third, there is sample heterogeneity in terms
of diseases and adjuvant treatments. Fourth, only selected aspects of QoL were evaluated (ie, many relevant dimensions are
not incorporated within the ASBQ and SNOT-22). Fifth, some variables used to stratify QoL may show no significant

difference due to the small number included, especially for the extent of resection, intracranial invasion, orbital invasion, and
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skull base reconstruction, so a large sample size and longer follow-up time should be considered. In addition, we believe that
future studies would be more meaningful if we could establish associations between QoL and survival parameters.

Conclusions

Long-term site-specific and sinonasal QoL eventually stabilized after EES. Greater coronal maximum diameter was
significantly associated with worsened vision function. Temporarily worse olfactory, vision, and taste function may be
tied to decreased short-term QoL. In addition, only certain aspects of QoL were assessed, and there is a need for further
research given the small, underpowered sample and exploratory nature of the analyses.

Data Sharing Statement
The datasets used and/or analyzed during the present study are available from the corresponding author of reasonable
request.
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