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INTRODUCTION

EECICIER  Craniofacial resection (CFR) has been regarded as a standard treatment for various
tumors involving the anterior skull base. The purpose of this study was to evaluate the results of CFR
for the patients with anterior skull base malignancies in our hospital.

ETEEE  We retrospectively analyzed 17 patients with anterior skull base malignancies treated
with CFR between 2001 and 2012. Mean follow-up duration was 41 months (range, 2-103 months).

ICESTTE  Intracranial involvement was found in 11 patients (65%) and orbital extension in 6 pa-
tients (35%). Classical bifrontal craniotomy was combined with endoscopic endonasal approach in 14
patients and external approach in 3 patients. Vascularized flap was used for reconstruction of the an-
terior fossa floor in 16 patients (94%). The most common pathological type was squamous cell carci-
noma (6 patients). Gross total resection was achieved in all cases. Postoperative complications devel-
oped in 4 patients (24%) and included local wound problem and brain abscess. One patient with liver
cirrhosis died from unexpected varix bleeding after the operation. Although postoperative treatment,
such as radiotherapy or chemotherapy, was performed in 14 patients, local recurrence was seen in 6
patients. The mean overall survival time after the operation was 69.0 months (95% confidence interval:
47.5-90.5 months) with a 1-, 2-, and 5-year survival rate of 82.3%, 76.5%, and 64.7%, respectively.
Postoperative radiotherapy was found to be the powerful prognostic factor for favorable survival.

Considering the higher local control rate and acceptable complication or mortality
rate, CFR with adjuvant radiotherapy is a gold standard treatment option for malignant tumors involv-
ing anterior skull base, especially with extensive intracranial involvement.

Key Words Cranial fossa, anterior; Peroperative complication; Craniofacial resection;

Paranasal sinus cancer; Treatment outcome.

ly, the endonasal approach using the endoscope, substitutive
for the open transfacial approach, has been used as a universal

Craniofacial resection (CFR) for anterior skull-base tumors
has been used for about 30 years as a general surgical proce-
dure since its original description [1]. Classical CFR consists
of transfacial/transnasal and transcranial approaches. Recent-
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surgical route. Furthermore, due to the development of the
endoscope technique and instruments, a pure endoscopic ap-
proach, without a transcranial approach, has been attempted
for tumor removal in the anterior skull base [2].

Although the pure endoscopic approach has been compre-
hensively compared with the classical traditional combined
approach, there are many differences between the two groups
of patients, and many constraints on the accurate comparison
of the surgical results [3]. One study used purely endoscopic
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approach for the lesions without definitive invasion into skull
base [4]. The study was limited by patient selection in being
able to compare the surgical results of the classic CFR with the
endoscopic techniques. Also, surgical outcomes by transcrani-

Table 1. Summary of clinical & radio-pathological characteristics
in patients who underwent craniofacial resection

No. of patients (%)

Characteristics

Demographics and history
Sex
Male 12
Female 5
Mean age (yr) 56 (34-74)
Symptom/signs
Epistaxis
Nasal obstruction/mass
Proptosis, eye pain
Severe headache, drowsiness

—_ W W U1 N

Anosmia
Preoperative treatment
Transnasal biopsy/resection
Chemotherapy
Radiotherapy
Characteristics of tumor
Pathology
Carcinoma
Squamous cell
Adenocarcinoma
Adenoidcystic
Small cell neuroendocrine
Metastatic melanoma

Teratocarcinosarcoma

Ul = = N = = O\

Neuroblastoma

Extension of tumor™

Table 2. Summary of treatment and outcomes in patients who

underwent craniofacial resection

Variables No. of patients (%)
Treatment associated
Approach
Combined endoscopic approach 14
Combined external approach 3
(orbital exenteration)
Skull base reconstruction by vascularized 16 (94)
flap
Nasoseptal flap 13
Free flap (all orbital exenteration) 3
Gross total resection 17 (100)
Adjuvant treatment 14 (82)
Radiation 13
Chemotherapy 2
Outcomes
Recurrence 6 (35)
Reoperation 2
Complication 4(24)
Local flap problems 3*
Brain abscess 1
Mortality 1(5)t

*all free flap case, 2 with CSF leak, tunpredicted varix bleeding
from known liver cirrhosis 1 month after operation. CSE, cerebro-

spinal fluid

1.0

0.8

Cribriform plate
Intracranial involvement

Dura

5(29)
11 (65)
4

Parenchyme 7
Orbit involvement 6(35)
Tumor staget
T stage (n=12)
T1
T2
T3
T4
Kadish stage (n=5)
B 0
C 5

*confirmed by radiological and intra-operative findings, 1T stage
for eleven cases except olfactory neuroblastomas, Kadish stage for
only olfactory neuroblastoma cases

A U1 = O
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Fig. 1. Overall survival in 1,917 patients (except 1 mortality case)
after CFR for malignant tumors involving anterior skull base tu-
mors. Note that the mean survival time was 69.0 months (95%
ClI: 47.5-90.5 months, the median survival time was not reached)
and 1-, 2-, and 5-year survival rates were 82.3%, 76.5%, and
64.7%, respectively. CFR, craniofacial resection; Cl, confidence
interval.



al approach have recently improved as the result of advance-
ment in microsurgical instruments and techniques.

In the light of these advancements, there is a need to re-
evaluate the indications of CFR with endoscopic approach. The
purpose of this study is to evaluate the surgical results for CFR
in our hospital with the review of the recently published data.

MATERIALS AND METHODS

This study fulfilled all the requirements for patient anonym-
ity and was approved by the Institutional Review Board (MP
2015-010). From 2001 to 2012, 17 patients underwent CFR
for anterior skull-base malignancies in our hospital. The be-
nign pathologic case was excluded. The medical records were
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evaluated for patient demographics, clinical features, staging,
preoperative treatment, operative procedure, extent of tumor
extension, postoperative complication, follow-up, recurrence
rate, and survival rate. Mean follow-up duration was 41 months
(range, 2-103 months).

Based on the preoperative computed tomography scan and/
or magnetic resonance imaging and intraoperative findings,
the exact location of tumor and its extension into orbit or in-
tracranial structures were evaluated. The tumors were classified
according to both the Kadish and Biller staging systems. The
Kadish staging system describes three stages to determine the
location and extension of olfactory neuroblastoma [4]: Stage A:
tumor confined to the nasal cavity; Stage B: tumor confined
to the nasal cavity and one or more paranasal sinus; and Stage
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Fig. 2. Kaplan-Meier analyses of overall survival for 17 patients according to different predictors (overall comparison was estimated using a
log-rank test). A: Pathology. B: Brain involvement. C: Combined approach methods. D: Postoperative adjuvant radiotherapy.
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Table 3. Univariate and multivariate analysis for overall survival predictors

. Mean+SD Univariate Multivariate
Variables No
(mo) p-value HR 95% CI p-value
Age 0.515 ND 0.166
<60 yr 10 73.6+13.5
=60 yr 7 49.7+13.8
Sex 0.898 ND 0.339
M 12 68.31£13.5
F 5 53.0+15.5
Symptoms™* 0.584 ND 0.980
Non-neurological 12 65.2+12.7
Neurological 5 55.6112.0
Approach 0.140 ND 0.599
With endoscopic 14 753%11.4
With external 3 27.7+17.0
Pathology 0.338 ND 0.057
Neuroblastoma 5 84.8115.8
Other cancer type 12 46.519.3
Brain involvement 0.154 ND 0.974
No 10 70.0+9.5
Yes 7 56.6t£14.7
Postoperative RT <0.001 0.004-0.369 0.005
No 4 11.5%6.6 0.039
Yes 13 88.5+9.3 1
Postoperative Cx 0.510 ND 0.297
No 13 73.5+12.1
Yes 4 42.5+14.1
Recurrence 0.676 ND 0.148
No 11 66.6114.3
Yes 6 61.7£11.0

*non-neurological symptom; mainly related with nasal symptom including epistaxis, nasal obstruction or mass, neurological sign; mental
changes, headache, nausea/vomit, cranial nerve signs, orbital pain, seizure. CI, confidence interval; Cx, complication; HR, harzard ratio; ND,

non-detected; RT, radiotherapy; SD, standard deviation

C: tumor extending beyond the nasal cavity or paranasal si-
nuses, and includes involvement of the orbit, base of skull, or
intracranial extension. The Biller staging system has four
stages to determine the location and extension of remaining
other tumors [5]. T1 stage is defined as a tumor involving the
nasal cavity and adjacent paranasal sinuses (excluding sphe-
noid), with or without erosion of the bone of the anterior cra-
nial fossa. T2 stage is defined as a tumor extending into the
periorbital tissue or protruding into the anterior cranial fossa.
T3 stage is defined as a tumor involving the brain that is re-
sectable with margins. T4 stage is defined as a non-resectable
tumor. All specimens were examined in our pathology depart-
ment.

Overall survival (OS) was calculated from the date of sur-
gery until death, or until the date of the last follow-up visit for
patients who were still alive. Relapse-free survival (RFS) was
also calculated as the time from the date of surgery to the date
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of recurrence or death. Survival rate was analyzed by the Ka-
plan-Meier method and compared with the log-rank test. For
the multivariate analysis, independent prognostic factors were
determined using the Cox’s proportional hazards model. The
statistical analysis was performed using SPSS version 20.0 soft-
ware program for Windows (SPSS Inc., Chicago, IL, USA).
The level of significance was set at p<0.05.

RESULTS

Patient demographics and clinical symptoms at the time of
initial diagnosis are listed in Table 1. The most common symp-
toms were epistaxis and nasal obstruction. Two patients with
paranasal malignancies underwent radiochemotherapy be-
fore CFR. The median age was 56 years (range, 34-74 years)
and male to female ratio was 12 to 5. The most common path-
ological type was squamous cell carcinoma (6 patients). Tu-
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Fig. 3. Relapse-free survival in 17 patients after CFR for malig-
nant tumors involving anterior skull base. Note that the mean sur-
vival time was 47.1 months (95% CI: 25.9-68.4 months, the medi-
an survival time was 30.0 months) and 1-, 2-, and 5-year relapse-
free survival rates were 64.7%, 47.1%, and 30.7%, respectively.
CFR, craniofacial resection; Cl, confidence interval.

mors invaded only in the cribriform plate in 5 patients, extend-
ed through dura in 4 patients, and involved brain parenchyma
in 7 patients. Orbit involvement was noted in 6 patients. All
olfactory neuroblastomas were classified as stage C of the
Kadish system. Majority of the remaining tumors were classi-
fied as T3 or T4 of the Biller classification system.

Classical bifrontal craniotomy was combined with endo-
scopic endonasal approach in 14 patients. External approach
was used in 3 patients with severe orbital involvement for or-
bital exenterating (Table 2). Reconstruction of the anterior fos-
sa floor was performed using vascularized flap in 16 patients
(94%). Apart from 3 cases requiring free flap after orbital ex-
enterating, the remaining 13 cases underwent nasoseptal flap.
Gross total resection was achieved in all cases. Four patients
(20%) experienced postoperative complications including lo-
cal wound problem [3 patients; 2 with cerebrospinal fluid
(CSF) leakage] and brain abscess (1 patient). One patient with
liver cirrhosis died from unexpected varix bleeding. Although
postoperative treatment such as radiotherapy or chemotherapy
was performed in 14 patients, local recurrence was seen in 6
patients (35%).

The mean OS time after CFR of anterior skull base tumors was
69.0 months [95% confidence interval (CI): 47.5-90.5 months,
the median survival time was not reached]. One-, 2-, and
5-year survival rate was 82.3%, 76.5%, and 64.7%, respectively
(Fig. 1). The results of analyses of the variables that could be
correlated with OS are shown in Fig. 2 and Table 3. On univari-
ate and multivariate analysis, postoperative radiotherapy was
significantly related with survival time.
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In a view of RFS, the mean RFS time after the operation was
47.1 months (95% CI: 25.9-68.4 months, the median survival
time was 30.0 months). One-, 2-, and 5-year RFS rate was 64.7%,
47.1%, and 30.7%, respectively (Fig. 3). On univariate and mul-
tivariate analysis, postoperative radiotherapy was also signifi-
cantly related with RES time (Fig. 4, Table 4). Considering
the small number of this study, however, pathologic type
showed somewhat relationship with OS (p=0.057) and RFS
(p=0.053) after the operation.

DISCUSSION

Anterior CFR has remained the gold standard for the man-
agement of tumors involving the anterior skull base. The addi-
tion of postoperative radiation with or without chemotherapy
has shown a favorable effect on treatment result of advanced
malignancies of the paranasal sinus extending to the anterior
skull base [6]. The continuous improvement in endoscopic sur-
gical instrumentation led to the advance of endoscopic-assist-
ed CFR for sinonasal malignancies [7]. In recent years, there
has been increasing popularity of purely endoscopic resection
of malignant tumors involving the anterior skull base [2,8,9].
Resection should be radical, regardless of approach modalities
for the lesion, because patients with local relapse after previous
treatment have a worse prognosis [2].

Because of the relative rarity of anterior CFR, there are few
centers that treated adequate numbers of patients for mean-
ingful analysis of outcomes [10]. In an effort to overcome these
difficulties, an international collaborative study on craniofacial
surgery for malignant skull base tumors collected data from
1,307 patients in 2003. With a median follow-up of 25 months,
the 5-year overall, disease-specific, and recurrence-free sur-
vival rate was 54%, 60%, and 53%, respectively [11]. Tumor-
related variables, such as the histological variation, intracrani-
al tumor extent, status of surgical margin, and postoperative
complication, influence outcomes [11,12]. Many studies of
CFR have reported postoperative complications as high as
40%, and postoperative mortality rate has remained about 5%
[11-13]. According to the literatures, complications after CFR
includes CSF leakage, frontal pneumocephalus, local wound
infection, meningitis and disturbance of central nervous sys-
tems. The CSF leakage, wound infection, meningitis occurred
more frequently than other complications. The CSF leakage
was recovered with conservative treatment but wound infec-
tion and meningitis were fatal requiring invasive antibiotics
or reoperation [9,10,14]. These surgical limitations have
prompted the search for more safe approaches to the anterior
skull base [9]. Endonasal techniques are thought to offer sev-
eral advantages. When compared to the traditional anterior
CEFR, the use of pure endonasal endoscopic resection is asso-

85



CFR for Anterior Skull Base Malignancies

ciated with a decreased blood loss, benefit of a desirable cos-
metic outcome and faster recovery [9]. Comparing the results
of traditional CFR with pure endoscopic resection continues
to be difficult because most published reports on exclusive en-
doscopic approach resection include small case series of pa-
tients with a short follow-up [10]. In addition, Hanna et al. [2]
treated with exclusive endoscopic approach only patients with
earlier disease stage with limited or no skull base involvement.
As the interest of endoscopic resection of tumors involving the
anterior skull base increases, concurrent improvements in tradi-
tional techniques are occurring [3]. The traditional anterior
CEFR and the endoscopic resection might not be two opposing
techniques, but two useful methods to achieve the goal of a safe
and radical resection when they were properly applied [10].

In order to better understand the role of CFR, we assessed

our surgical outcomes in the context of recently published se-
ries [3,10,14]. Previously reported 5-year OS rate, gross total
resection rate, complication rate are 46-72%, 98-100%, and
9.7-47%, respectively (Table 5). Histology, extent of intracra-
nial involvement, increasing age, incomplete tumor removal,
and staging were associated with poor survival outcome
[10,15,16]. The status of the surgical margins is an important
predictor for overall, disease-specific, and recurrence-free sur-
vival [14]. The histological finding of the primary tumor and
extent of intracranial involvement is also a significant predic-
tor of overall, disease-specific, and recurrence-free survival
[12,17]. Increased age was reported as a risk factor for poor
survival [14]. In our study, postoperative radiotherapy was
significant predictor for longer OS and RES. Neuroblastoma
type seemed to be related with prolonged OS and RES, com-
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Fig. 4. Kaplan-Meier analyses of relapse-free survival for 17 patients according to different predictors (overall comparison was estimated
using a log-rank test). A: Pathology. B: Brain involvement. C: Combined approach methods. D: Postoperative adjuvant radiotherapy.
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pared to other pathologies. to selection bias. Although there are limitations in number of
In conclusion, this study was basically a retrospective inves- cases and follow-up duration, our study shows that CFR fol-
tigation of a relatively small number of patients, possibly leading lowed by adjuvant radiotherapy can remain the primary op-

Table 4. Univariate and multivariate analysis for relapse-free survival predictors

) Median Univariate Multivariate
Variables No
(mo) p-value HR 95% CI p-value
Age 0.505 ND 0.218
<60 yr 10 37
>60 yr 7 15
Sex 0.453 ND 0.173
M 12 37
F 5 15
Symptoms™ 0.160 ND 0.295
Non-neurological 12 ND
Neurological 5 15
Approach 0.637 ND 0.894
With endoscopic 14 37
With external 3 12
Pathology 0.193 ND 0.053
Neuroblastoma 5 50
Other cancer type 12 15
Brain involvement 0.298 ND 0.893
No 10 50
Yes 7 15
Postoperative RT 0.005 1.417-23.972 0.015
No 4 2 1
Yes 13 50 5.827
Postoperative Cx 0.740 ND 0.183
No 13 37
Yes 4 30

*non-neurological symptom; mainly related with nasal symptom including epistaxis, nasal obstruction or mass, neurological sign; mental
changes, headache, nausea/vomit, cranial nerve signs, orbital pain, seizure. CI, confidence interval; Cx, complication; HR, harzard ratio; ND,
non-detected; RT, radiotherapy

Table 5. Summary of recent studies assessing craniofacial resection for malignant tumor involving anterior skull base
Author

Histology IC (+) Cx rate (m/c)/

(yr, No. OB (+) GTRrate . (ON Survival factors
(m/c) mortality rate
of case)
Cantu et al. AD 25% 30% 98% 30% (CSF leak)/ 46% (5 yr)/ Histological type,
(2012, 366) (49%) 3.6% 34% (10 yr) surgical margin,
INT classification,
postsurgical radiotherapy
Mine et al. SQ 66% NA 100% 47% (local infection)/  80% (2 yr)/72% (5 yr)/ Surgical margin
(2011, 30) (38%) (87%)* 3.2% 63% (10 yr)
Razaetal. OFN 72% 54% 100%  9.7% (pneumocephalus)/ NA NA
(2012, 41) (29%) (85%)* 0%
Present series SQ 65% 35% 100% 24% (wound problem)/ 882% (1 yr)/ Postsurgical radiotherapy?
(2014, 17) (35%) 6% 77% (2 yr)/65% (5 yr)

*% in microscopic examination, thistological type was possibly related with overall survival without statistical significance. AD, adenocarci-
noma; Cx, complications; GTR, gross total resection; IC, intracranial involvement; INT, Istituto Nazionale Tumori; m/c, most common type;
NA, not available; No., number; OB, orbit involvement; OFN, olfactory neuroblastoma; OS, overall survival rate; SQ, squamous carcinoma
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tion for malignant tumors involving anterior skull base, espe-
cially with intracranial extension.
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