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Skull base chordomas: clinical outcome in a consecutive
series of 45 patients with long-term follow-up and
evaluation of clinical and biological prognostic factors
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OBJECTIVE Skull base chordomas (SBCs) are rare dysembryogenetic invasive tumors with a variable tendency for
recurrence. According to previous studies, the recurrence rate seems to be affected by both clinical variables and tumor
biological features. The authors present the results of treatment of SBCs in a large series of patients and investigate the

role of 1p36 chromosomal region loss of heterozygosity (LOH) as a prognostic factor.

METHODS Between 1990 and 2011, 45 patients were treated for SBCs. The mean follow-up was 76 months (range
1-240 months). An LOH analysis was performed in 27 cases. Survival analysis was performed to determine clinical and
biological parameters correlating with clinical outcome.

RESULTS The 5- and 10-year overall survival rates were 67% and 57%, respectively. Five- and 10-year progression-
free survival rates were 58% and 44%, respectively. Multivariate analysis showed that extent of resection, adjuvant radia-
tion therapy, and absence of rhinopharynx invasion were positive independent predictors of overall survival. The latter 2
variables and a younger patient age were positive independent predictors of progression-free survival. Twenty-one pa-
tients showed 1p36 LOH. All events of recurrence and death clustered in the group of patients with 1p36 LOH; however,
this biological marker was not statistically significant on multivariate analysis.

CONCLUSIONS Resection is the treatment of choice in primary and recurrent SBC. Patient age, rhinopharynx invasion
at diagnosis, extent of tumor removal, and postoperative radiation therapy influence SBC prognosis. Genetic analysis,
even while showing interesting results, did not reveal 1p36 LOH as an independent predictor of clinical outcome.
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primary bone tumors arising from notochord rem-
nants.!'5¢ Although extremely rare, primary intra-
dural chordomas have been reported as well.!7:18:365758 The
most common locations for these lesions are the sacrococ-
cygeal region (55% of cases), spheno-occipital area (35%),
and vertebral column (10%).3%° They have an incidence of
1 case in 2 million persons per year and a prevalence of
1.21 cases in 10 million of the population, accounting for
only 0.1%—0.2% of all cranial base tumors.*’
They are encapsulated tumors that infiltrate bone along
the lines of least resistance.”” Their growth pattern is
characterized by bone infiltration, dural penetration, en-

CHORDOMAS are rare, mainly extradural, midline

casement of neurovascular structures, and possible brain-
stem adhesions, which makes chordomas challenging to
treat.**3° Prognosis is poor'® and is impacted by patient age
at the onset of symptoms, extent of resection, and patho-
logical patterns. The mean survival of untreated patients
ranges between 6 and 24 months.?* In treated patients the
reported S-year survival rate ranges from 50% to 85%.%:1°
Extensive resection followed by high-dose radiotherapy
provides the best chance of obtaining long-term tumor
control 13622234953 Previous studies have highlighted re-
currence rates that seem to be affected not only by clini-
cal variables such as tumor extension, extent of resection,
and postoperative radiation therapy, but also by tumor

ABBREVIATIONS CCJ = craniocervical junction; GKRS = Gamma Khnife radiosurgery; KPS = Karnofsky Performance Scale; LOH = loss of heterozygosity; OS = overall
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biological features.??-3541424448 Common genetic lesions in
chordoma are 1p36, 3p, and 12p losses and 1q, 7q, and 9q
gains.” A loss of heterozygosity (LOH) study centered on
the 1p36 region revealed an interestingly high incidence
of 1p36 losses among sporadic chordomas.”’-?# Failure
of apoptosis is known to be a key mechanism for the in-
duction and maintenance of the neoplastic phenotype and
is believed to be involved in notochord regression.”” The
presence of several genes mapped to 1p36 and involved
in the apoptotic pathways prompted us to perform LOH
analysis in our chordoma samples to investigate a possible
correlation between this molecular marker and clinical
outcome.

We present the results of treatment of skull base chor-
domas (SBCs) in a large series of patients treated at a
single center during a 21-year period. The results of uni-
variate and multivariate statistical analyses performed to
define possible correlations between clinical and biologi-
cal variables and survival are reported.

Methods

Patient Population

Between 1990 and 2011, 45 consecutive patients har-
boring SBCs were managed at our institution. All patients
gave informed consent for the clinical treatments and ge-
netic analysis. Ethics committee approval was not request-
ed because this was a retrospective study derived from the
review of a prospectively collected database; the results of
genetic analysis did not impact treatment strategy.

Preoperative and Postoperative Evaluation

On hospital admission all patients underwent neuro-
logical examination and radiological assessment involving
MRI, CT, MR or CT angiography, and digital subtraction
angiography in selected cases. Patient functional status
was evaluated using the Karnofsky Performance Scale
(KPS).

Follow-up MR images, neurological examination, and
ophthalmological and audiometric evaluation when need-
ed were scheduled 3 months after surgery, at 6-month
intervals for the first 5 years after surgery, and annually
thereafter in survivors. Operative death was defined as
death within 28 days following a surgical procedure. To
evaluate how treatments impacted patient quality of life
we compared pre- and postoperative KPS scores, consid-
ering the best score assessed at the clinical follow-up.

Tumor Location and Extent of Resection

Tumor location was defined according to the Sekhar
classification.’® Rhinopharynx invasion was assessed at
preoperative MRI and was defined as tumor involvement
of the rhinopharynx posterior and/or lateral walls (Fig. 1).
Posterior wall structures are represented by pharyngobasi-
lar fascia, constrictor pharyngeal muscles, and preverte-
bral fascia and muscles (longus capitis and longus colli);
lateral wall structures are represented by FEustachian
tubes, salpingopharyngeal folds, and Rosenmiiller’s fos-
sae. The MRI findings were confirmed intraoperatively by
direct assessment of the invasion of the aforementioned
anatomical structures.
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Location and extension of the lesions are summarized
in Table 1. In 21 cases (47%) the tumor was completely
extradural, while in 24 cases (53%) the tumors invaded
the intradural space. Extent of resection was determined
on the MR images obtained 3 months after surgery and
was classified as gross total (no residual tumor or a small
questionable area), subtotal (more than 90% of mass re-
sected), partial (between 50% and 90% of mass resected),
and biopsy (removal of anything less than 50% of tumor).

Pathological Diagnosis and LOH Analysis

Pathological diagnosis was accomplished in accor-
dance with criteria described by Holton and colleagues.?!#4
The LOH analysis was performed on available histologi-
cal specimens from 27 patients using 33 microsatellite
markers included in the 1p36.33—1p36.12 genomic in-
terval, 5 microsatellites (D1S2841, D1S1172, D1S2868,
D1S2726, and D1S2696) mapped at 1p, and 6 microsat-
ellites (D1S498, D1S400, D1S238, D1S413, D1S1175, and
D1S2800) mapped at 1q, according to the University of
California Santa Cruz Database (http:/www.ucsc.com).
Tumor DNA was obtained from 27 fresh or frozen SBCs
using Trizol reagent (Life Technologies). Constitutional
DNA was obtained from peripheral blood cells by means
of QIAamp DNA Blood Mini Kit (Qiagen). The tumor
and peripheral blood genomic DNAs were amplified by
polymerase chain reaction using a carboxyfluorescein- or
hexachlorofluorescein-labeled forward primer for each
marker (Sigma Aldrich), and the DNA fragments were
separated by means of capillary electrophoresis (ABI
3130XL, Applied Biosystems). To evaluate LOH, the peak
areas of both alleles were measured by means of Gen-
emapper software (version 3.1, Applied Biosystems), and
the ratios of the blood (N) and tumor (T) samples were
compared: a ratio ([T2 x N1]J/[T1 x N2] or [T1 x N2J/[T2
x N1]) of 0.7 is indicative of allele loss, ratios between
0.71 and 0.79 require evaluation of surrounding regions,
and ratios of 0.8 are considered to retain heterozygosis as
reported in detail by Nishimura et al.¥’

Survival Analysis

Statistical analyses were performed using Stata software
version 11.1 (StataCorp). Survival analysis was performed
according to the Kaplan-Meier method. Progression-free
survival (PFS) and overall survival (OS) time were calcu-
lated from the conclusion of treatment. Overall survival
was defined as the time from diagnosis to disease-specific
death or the end of observation. Censoring was applied
to the last follow-up date if no death occurred or to the
death date if death was not disease specific. Death from
complications ensuing after surgery occurred in 2 cases
and was considered disease specific. The 2 patients who
died of non—disease-specific causes 158 and 240 months
after treatment, respectively, were included in the analy-
ses. Overall survival analysis was thus performed on the
entire population of 45 patients. Progression-free survival
was defined as the time from treatment until radiological
evidence of tumor regrowth. Progression-free survival
analysis was conducted on 43 patients; the 2 patients who
died of surgery-related complications were excluded.

Univariate analysis was performed on the Kaplan-Mei-
er curves. Prognostic factors with p values < 0.2 on uni-
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FIG. 1. Preoperative axial, coronal, and sagittal MRI sequences of 2 representative cases of rhinopharynx invasion. In the first
case (A-C), clear invasion of the posterior and right lateral walls of the rhinopharynx is noticeable. In the second case (D-F), the

tumor clearly involves the posterior wall of the rhinopharynx.

variate analysis were subject to multivariate analysis using
a Cox proportional-hazards regression model. A p value <
0.05 signified statistical significance. Given the distribu-
tion of LOH values (quasi-separation with no deaths and
no relapses in patients with negative LOH), models pos-
sibly involving LOH were also tested using robust estima-
tion of variance and by applying Firth’s penalized maxi-
mum likelihood logistic regression. Overall significance
of multivalue variables was assessed with the Wald test.
In fitting the multivariate model, age was considered con-
tinuous. Proportionality of hazards was verified for each
variable by visual inspection of log-log plots and with the
proportional-hazards assumption test based on Schoenfeld
residuals. Interactions between significant variables in the
final model were searched. Harrell’s concordance (C) in-
dex was calculated for each model: a Harrell’s C index
value of 0.5 indicates no predictive discrimination at all,
while perfect prediction of patient outcomes yields a C in-
dex value of 1.0.

Results
Patient Population

Of the 45 patients referred to our department between
1990 and 2011, 30 (67%) were male and 15 (33%) were
female. The female/male ratio was 1:2. Patient age at the
first diagnosis ranged from 4 to 71 years (mean = SD, 46.7
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TABLE 1. Tumor location and extension

Location
Upper 1(2%)
Upper + middle 16 (36%)
Middle 10 (22%)
Middle + lower 9 (20%)
Lower 1(2%)
Upper + middle + lower 8 (18%)
Extension
Sphenoid sinus 19 (42%)
Sella 16 (36%)
Cavernous sinus 15 (33%)
Rhinopharynx 14 (31%)
Ethmoid infratemporal fossa 7 (15%)
5 (11%)
Suprasellar region 5(11%)
C-1 4 (9%)
Nasal cavity 3 (7%)
Occipital condyle 3(7%)
Orbit 3(7%)
Maxillary sinus 3 (7%)




= 17.4 years). Eighteen patients (40%) had undergone pre-
vious treatments: 10 (56%) resection, 8 (44%) biopsy, 3
(17%) radiation therapy, and 3 (17%) chemotherapy with
tyrosine kinase inhibitors. The median time between the
initial operation at another institution and the first op-
eration in our department was 13 months (average 34.3
months, range 2—110 months).

Presenting symptoms were diplopia in 27 cases (60%);
headache in 13 (28.9%); palpebral ptosis in 6 (13.3%);
hoarseness/dysphagia and visual loss in 5 (11.1%); facial
numbness/pain in 4 (8.9%); neck pain in 3 (6.7%); nasal
obstruction, hearing loss, facial palsy, and tetraparesis in 2
(4.4%); hemiparesis, tongue atrophy, dizziness, dysarthria,
and urinary incontinence in 1 (2.2%). At the time of diag-
nosis 17 patients (38%) were fully active (KPS Score 100),
27 (60%) were moderately to severely impaired (KPS
Score 70-100), and 1 (2%) was unable to function with-
out assistance (KPS score < 70). The mean KPS score at
our first preoperative clinical evaluation was 89.78 (range
60-100).

Surgical Treatment

Sixty-eight operations were performed by the senior
author (P.M.) in the initial or recurrent setting. Staged op-
erations were performed in 10 patients (22%), in 2 stages
in 7 of these cases (70%) and in 3 stages in 3 of these cases
(30%). Gross-total resection was achieved in 19 patients
(42.2%), subtotal in 18 (40%), and partial in 6 (13.3%). In 2
patients (4.5%) a biopsy was performed. Gross-total tumor
resection was achieved in 15 patients (43%) among those
who had no prior attempted resection and in 4 patients
(40%) among those who had undergone prior surgical
treatment. Thirty-two cases (71%) were typical chordomas
and 13 (29%) were chondroid.

Radiation Therapies

Thirty-four patients (75.5%) received postoperative ra-
diation therapy. From 1990 to 2001 the decision to perform
postoperative radiotherapy was considered on a case-by-
case basis and was usually performed in instances of in-
complete resection. Since 2001 proton beam radiotherapy
or conventional high-dose radiotherapy was administered
to the tumor bed regardless of the extent of tumor removal.
In our series of 45 patients, 11 did not undergo any adju-
vant radiation therapy: 2 because of severe postoperative
complications, 3 because gross-total resection was per-
formed before 2001 and postoperative radiation therapy
was decided against, 2 because they were not eligible due
to a very young age, 3 because they had already undergone
radiation therapy as previous treatment, and 1 because the
patient refused the treatment. The radiation delivery meth-
od included proton beam radiotherapy in 19 (56%) cases,
fractionated radiotherapy in 7 (20.6%), and Gamma Knife
radiosurgery (GKRS) in 8 (23.5%).

In the case of proton beam radiotherapy, usually two-
thirds (45 Gy) of the total dose was delivered via photon
therapy and one-third (22 or 26 Gy) of the dose consisted
of proton irradiation; the mean total administered dose
was 69 Gy (range 67-71 Gy) delivered as a 1.8-Gy dose
per fraction. In the case of conventional fractionated pho-
ton irradiation, a dose ranging from 60 to 72 Gy delivered

Management of skull base chordomas

as a 2-Gy dose per fraction was administered by a modi-
fied linear accelerator system or by a helical tomotherapy
device to the original tumor volume. For Gamma Knife
treatments, the peripheral prescription dose ranged from
18 to 25 Gy (mean 22.25 Gy) with a prescription isodose
of 50%.

Seven patients (20.6%) experienced complications
directly related to radiation therapy, especially proton
beam radiotherapy: 4 patients (11.8%) experienced hy-
popituitarism; 2 (5.9%) developed delayed temporal lobe
radionecrosis, 1 of whom required surgical treatment for
malignant edema; 2 patients (5.9%) suffered from visual
worsening; and 1 from hearing loss. One patient (2.9%),
who had undergone proton beam radiotherapy after sur-
gery and GKRS for tumor recurrence, developed abdu-
cens nerve and lower cranial nerves impairment by the
follow-up.

Morbidity, Mortality, and Functional Status

Table 2 lists patients’ preoperative and postoperative
neurological signs and cranial nerve function. Four cases
(8.9%) of cerebrospinal fluid leak were recorded; 3 of them
were successfully treated by external lumbar drainage, and
the remaining case required a lumbar peritoneal shunt.
Other postoperative complications successfully treated by
medical therapy were sinusitis in 2 cases (4.4%), meningitis
in 1 case (2.2%), and severe hyponatremia in 1 case (2.2%).
One patient developed delayed hydrocephalus that was
treated with a ventriculoperitoneal shunt. Mortality due
to perioperative complications was recorded in 2 patients
(4.4%); the first patient died from a pulmonary embolism
the day after surgery, and the second died from cerebellar
hemorrhage 5 days after surgery. The mean preoperative
KPS score was 89.78 (range 60—100), whereas the mean
KPS score at the clinical evaluation 6 months after surgery
was 92.81 (range 60-100). The mean best KPS score as-
sessed at follow-up was 92.84 (range 60—100). The score
improved in 26% of the patients, remained unchanged in
54%, and worsened in 20%.

Analysis of LOH

The 1p36 LOH study was performed on 27 chordoma
samples from patients who had undergone gross-total or
subtotal resection and postoperative radiotherapy. Twenty-
one samples (77.8%) showed LOH and 10 (37.0%) of them
displayed a wide region of LOH involving all the tested
markers. The remaining 11 (40.7%) samples displayed seg-
mental LOH within the 1p36 region (Fig. 2). To determine
whether LOH was confined to 1p36 or extended across
Ip, we tested further microsatellite markers (D1S2841,
Di1S1172, D1S2868, D1S2726, and D1S2696). Among the
tumor samples exhibiting LOH at 1p36, 13 also exhibited
LOH at a more centromeric location, suggesting a loss go-
ing beyond the 1p36 region, whereas 2 of them showed no
allelic imbalance. We could exclude chromosome 1 mono-
somy in every tumor showing 1p36 LOH. The remaining 6
specimens (22.2%) displayed no LOH for any of the tested
markers.

We grouped the patients according to LOH status at
1p36 and observed that all events (recurrence or death)
clustered in the group with 1p36 LOH.
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TABLE 2. Preoperative and postoperative neurological signs

Postop
Deficit Preop Improved Unchanged Worsened New Onset
Hemiparesis 6 (13%) 4/6 2/6 0 2
Cerebellar signs 6 (13%) 3/6 3/6 0 0
Cranial nerve deficits
I 6 (13%) 0 6/1 0 9
I 12 (27%) 6/12 6/12 0 1
Il 10 (22%) 4110 6/10 0 1
v 2 (4%) 0 2/2 0 1
\% 6 (13%) 2/6 4/6 0 2
VI 28 (62%) 10/28 18/28 0 0
VI 8 (18%) 2/8 6/8 0 1
Vil 2 (4%) 0 12 112 2
IX-X-XI 4 (9%) 0 4/4 0 1
Xl 6 (13%) 3/6 3/6 0 0

Disease Status and Patient Survival

The average follow-up period calculated from the first
treatment performed at our institution was 75.98 (range
1-240 months). Sixteen (35%) patients died because of
tumor progression, 2 (4.5%) from perioperative complica-
tions, and 2 (4.5%) from other causes. At the time of the
last follow-up examination, 25 patients (55.5%) were still
alive; 19 patients (76%) were alive and free of tumor or
with stable tumor, whereas 6 (24%) were alive with notice-
able tumor progression.

Tumor relapse occurred in 18 patients (40%), locally in
17 (94%); in the remaining patient (6%) spinal intradural
seeding at the thoracic level was found. One patient expe-
rienced both local and spinal intradural tumor relapse. In
1 patient with advanced chordoma, liver and lung metasta-
ses were detected. Ten patients (55.5%) underwent further
treatment: surgery in 6 cases, GKRS in 2 cases, and molec-
ular targeted therapy with imatinib mesylate in 2 patients
not eligible for other therapies. The mean OS time after
surgery was 75.98 months (range 1-240 months), whereas
the mean overall PES time was 64.98 months (range 5-240
months). The mean OS time after tumor relapse was 23.54
months (range 2—47 months). Kaplan-Meier analysis pre-
dicted OS rates of 77.4%, 66.8%, 61.2%, and 56.9% at 3,
5, 7, and 10 years, respectively, and PFS rates of 69.5%,
58%, 48.1%, and 44.4% (Fig. 3). In considering the vari-
ables tested as possible prognostic factors, 6 were found to
be predictive of both OS and PES on univariate analysis:
age, rhinopharynx invasion, tumor removal, adjuvant ther-
apy, preoperative KPS score, and LOH. In fitting the Cox
proportional-hazards model for survival (whole model p =
0.0009, Harrell’s C = 0.7819), 3 variables significantly af-
fected survival (Table 3): rhinopharynx invasion (HR 4.26,
95% CI 1.46-12.41, p = 0.008; Fig. 4A), radical or subtotal
tumor removal (HR 0.30, 95% CI 0.10-0.95, p = 0.041;
Fig. 4B), and adjuvant therapy (HR 0. 35, 95% CI 0.13—
0.94, p = 0.038; Fig. 4C). In fitting the Cox proportional-
hazards model for PFS (whole model p < 0.0001, Harrell’s
C =0.8318), 3 variables significantly affected survival: age
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(I-year HR 1.03, 95% CI 1.005-1.06, p = 0.022; Fig. 4E),
rhinopharynx invasion (HR 11.38, 95% CI 3.82-33.91, p
< 0.001; Fig. 4D), and adjuvant therapy (HR 0.27, 95% CI
0.09-0.78, p = 0.016; Fig. 4F). Variables in both models
revealed no interaction between them, and the proportion-
ality of hazards was verified for each variable.

Discussion

Skull base chordomas are rare, locally aggressive, mid-
line primary bone tumors arising from notochord rem-
nants.'7 Given the rarity of this disease, no standardized
guidelines exist and thus most of our knowledge is based
on anecdotal cases, case reports, and single-institution case
series (class of evidence: Level 2 or 3). Moreover, some
old series®'®2 have included both SBCs and chondrosar-
comas, even though it is known that low-grade chondro-
sarcomas have a better prognosis than chordomas.>!8.233
52,56

To the best of our knowledge, only 19 surgical series
with at least 15 patients have been reported in the literature
(Table 4)."% In the present study we considered a consecutive
series of 45 patients treated at our institution in the period
from 1990 to 2011 for a histological diagnosis of chordoma,
completely fulfilling the pathological criteria described
by Holton et al.! Although a better long-term outcome in
patients harboring chondroid chordoma has been report-
ed,!®47%% in our analysis the histological type did not influ-
ence prognosis. Since the 1990s, other authors have denied
the prognostic significance of histological type.'=3%1718:30.40.
6.3 Hug and Slater even reported on the association be-
tween longer survival and the nonchondroid type.?

Skull base chordomas are generally considered to be
slow-growing tumors, and the duration of follow-up is
relevant in evaluating treatment results. Only 5 published
series have reported a mean follow-up longer than 5 years
(Table 4).17445256 In the present series the mean follow-up
was longer than 6 years; in our opinion, the duration of
follow-up is a crucial point in performing a critical review
of the results of administered treatments.
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FIG. 2. 1p36 LOH analysis of 27 chordoma samples (listed in rows) from 27 patients by using 33 microsatellite markers mapped to
1p36.33-1p36.12 (listed in columns from the most telomeric [tel] to the most centromeric [cen]). Black squares indicate LOH, white
squares indicate retention of heterozygosity, and dashes indicate uninformative markers.

Patient Population, Tumor Location, and Extension

In our series epidemiological data are comparable to
those reported in the literature (Table 4): we found a male
predilection with a male/female ratio of 2:183°3% and an on-
set peak age of 46.7 years.!310.1L18.1949.5 Whether sex and
age can affect prognosis is still a matter of debate. We did
not find any significant correlation between patient sex
and survival. Categorizing age according to its median,
we found that patients younger than 48 years had signifi-
cantly better OS (p = 0.011) and PFS (0.016) on univariate

\
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FIG. 3. Kaplan-Meier curves for OS (left) and PFS (right).
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analysis; however, in fitting the Cox proportional-hazards
model, we found that age significantly affected only PFS
(p =0.022).

Tumor extension into the cavernous sinus did not sig-
nificantly impact survival, whereas rhinopharynx invasion
(31% of cases) showed a strong correlation with a poorer
outcome on multivariate analysis in terms of both OS (p
= 0.008) and PFS (p < 0.001), acting as an independent
predictor of outcome; this represents a novel finding in
the literature. Yasuda and colleagues observed that chor-

Progression free survival

=
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TABLE 3. Summary of statistical results of multivariate analysis

Variable 0s* PFS*
Age (31-48 vs 49-61 yrs) + 0.022
Sex - -
Rhinopharynx invasion (no vs yes) 0.008  <0.001
Tumor removal (radical/subtotal vs partial/biopsy)  0.041 +

LOH (no vs yes) + +
Adjuvant radiotherapy (no vs yes) 0.038
Tumor histology (classic vs chondroid) - -
Staged procedure (no vs yes) - -
Previous surgery (no vs yes) - -
Brainstem compression (no vs yes) - -
Cavernous sinus invasion (no vs yes) - -
Dural involvement (no vs yes) - -
Preop KPS score (<80 vs =80) + +
Sekhar classificationt - -
Whole model p value 0.0009 <0.0001
Harrell's C 0.7819  0.8318

- = the variable’s p value was > 0.20 on univariate analysis, and therefore the
variable was not considered in the subsequent multivariate analysis; + = the
variable’s p value was < 0.20 on univariate analysis, but the variable did not
enter the multivariate model.

* Reported numbers are the p values for the single independent variables
entering the multivariate models, whose whole model p values are reported on
the bottom line.

1 Considered a categorical variable: comparisons among scores were con-
ducted using the lowest risk category of each scale as the reference category.

Rhinopharynx invasion

Disaata-spclic mirvval

domas of the craniocervical junction (CCJ) have a poorer
prognosis.>® According to their data, CCJ chordomas are
more common in younger patients and, in contrast to our
findings, a young age represents a negative prognostic fac-
tor; they argued that these 2 factors are probably related to
each other. Nevertheless, rhinopharynx invasion is a very
common finding in CCJ chordomas, and given our ob-
servations, we hypothesize that this invasion can explain
the poorer prognosis. Rhinopharynx invasion adversely
impacted prognosis because muscles represent a path of
least resistance for tumor spreading. Moreover, infiltration
of the pharyngobasilar fascia and rhinopharynx muscles
often jeopardizes the possibility of obtaining total tumor
resection and makes it extremely difficult to intraopera-
tively evaluate the true extent of resection.

The embryologic origin from clival bone marrow pro-
vides an explanation for the SBC’s prevalent extradural lo-
cation.> In our series all tumors were primarily extradural,
but most of the tumors secondarily invaded the intradural
space (53% of cases). In particular, in the 75% of patients
who had undergone surgery prior to our referral, the tumor
was growing through the dura, whereas only 45% of cases
that had not been previously surgically treated presented
with a transdural extension. These data, even if suggestive
of a greater likelihood of dural transgression by tumor af-
ter a previous surgery, approach but do not reach statistical
significance on the Pearson chi-squared test (p = 0.079).

Surgical Treatment

Selection of the surgical approach was based on the size
of the tumor and its anatomical location and extension. As
previously stated, chordomas are primary extradural tu-
mors, and since the dura is an important barrier against the
tumor, an extradural route should be the primary approach,
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FIG. 4. Relevant Kaplan-Meier curves for clinical prognostic factors: OS according to rhinopharynx invasion (A); OS according
to extent of tumor removal (B); OS according to adjuvant radiation therapy (C); PFS according to rhinopharynx invasion (D); PFS
according to patient age (E); and PFS according to adjuvant radiation therapy (F). yro = years old.
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TABLE 4. Literature review of SBC series with at least 15 patients

Management of skull base chordomas

No.of MeanAge FU _Approaches (%) Resection (%) Mortality 0S (%) PFS (%)
Authors & Year Patients (yrs) (mos)  Ant Lat STIP  GT (%) RT(%) 5Yrs 10Yrs 5Yrs 10Yrs

Forsyth et al., 1993 51 42.6 99 NR NR 74 0 NR 76 51 35 230 23.0
Gay et al., 1995 46 451 45 27 70 NR NR 5 NR NR NR 650 650
al-Mefty & Borba, 1997 25 38.4 254 50 40 48 43 4 76 NR NR NR NR
Tamaki et al., 2001 17 47 58.8 47 35.2 706 294 NR 76 64 NR 51 NR
Crockard et al., 2001 42* 58.1 51 85 1" 22 72 4.3 62 77 69 NR NR
Sekhar et al., 2001 42 NR NR NR NR 28 59 12 NR NR NR NR NR
Colli & Al-Mefty, 20017 53 40.7 49.9 40 52 28 45 7 68 50 24 51.0 NR
Sen & Triana, 2001 29 39.0 20.5 NR NR 38 62 3 20 NR NR NR NR
Pallini et al., 2003 26 50.3 65.7 60 14 27 42 0 31 NR NR NR NR
Pamir et al., 2004 26 40.5 48.5 42 58 4 12 4 27 NR NR NR NR
Tzortzidis et al., 2006 74 NR 96 15 78 284 72 3 35 NR NR 410 310
Samii et al., 2007 49 39.1 63 30 46 50.6 494  2/5.3% 39 65 39 NR NR
Almefty et al., 2007 89 38.3 48 NR NR 55 45 NR 75 74t 59% 5141 25%
Cho et al., 2008 19 37.3 56 48 52 44 12 NR NR 846 80 40.0 NR
Takahashi et al., 2009 32 414 36.3 458 49 100 0 0 281 925 NR 293 NR
Senetal., 2010 65§ 40.7 66 323 462 NR{ 585 NR 67.7 75 NR NR NR
Yasuda et al., 2012 40 451 46.1 88 12 65 30 0 NR 834 NR 900 NR
Di Maio et al., 2012 95 42.6 38.3 474 421 295 705 32 429 74 NR 56 NR
Chibbaro et al., 2014 54 49 34 100 0 35 65 1.8 100 NR NR NR NR
Meantt 46 43.2 52.6 50.5 404 461 426 35 549 7.9 51 498 36

Present series 45 46.7 76 755 21 40 42 4.4 77 668 569 695 444

Ant = anterior; GT = gross total; NR = not reported; P = partial; RT = radiotherapy; ST =

* Thirty-two clival, 10 CCJ.

1 Second surgery.

T Excluding chondroid chordomas.

§ Forty-five clival, 20 CCJ.

1 41.5% “incomplete” resection.

** Seventeen clival, 13 CCJ, 10 cervical spine.

11 Mean values do not include the present series.

unless the dura is invaded by tumor. According to Sen and
colleagues’ philosophy,*? lateral skull base approaches are
preferred for tumors surrounding the internal carotid ar-
tery, intimately involving the cavernous sinus, the tempo-
ral bone, the vertebrobasilar arteries, and the brainstem,
because lateral routes allowed for better surgical control of
neurovascular structures, an easier intraoperative repair of
dural openings, and a better separation of the brainstem-
tumor interface. Midline anterior approaches provided ac-
cess to the clivus, taking advantage of an anatomical path
of dissection free of major neurovascular structures and
reducing parenchymal injury and intradural cranial nerve
damage.*

Lateral and anterolateral approaches were preferentially
used in the first years of our experience, but they have been
progressively replaced by the extensive application of an-
terior approaches and endoscopic procedures. According
to the main published series, the choice of surgical route
is extremely variable, depending mostly on the surgeon’s
confidence with particular approaches: use of the anterior
approach varies from 15% in the Tzortzidis series to 85%
in the Crockard series and up to 100% in the purely endo-
scopic series published by Chibbaro et al.”!'*¢ In contrast,
the use of lateral approaches ranged from O to 78%."1!->

subtotal.

In the present series, gross-total resection was achieved
in 42% of cases; this finding is close to the mean value
reported in the literature (mean 42.6%, range 0—72%)."!1"
Extensive tumor resection seemed to be easier to achieve
in patients who had not undergone previous resection, as
mentioned in other reports,®? although in our series this
observation did not reach statistical significance. On mul-
tivariate analysis our data confirmed a statistically signifi-
cant correlation between the degree of tumor resection and
survival (p = 0.041), as was shown in the meta-analysis
published by Di Maio in 2011.3

Morbidity, Mortality, and Functional Outcome

We, like other authors, found that postoperative func-
tional status was strongly influenced by disease progres-
sion and cranial nerve impairment.'®413 In the cited series
the postoperative onset of new cranial nerve palsies ranges
from 33% to 80%.'3° Major neurological morbidity in the
present study was limited to only 2 cases (4.4%) of hemi-
paresis, and 1 of these partially recovered at follow-up.
Surgical mortality (4.4%) was comparable to data reported
in the literature (0—12%; Table 4).4+>°

The mean preoperative KPS scores reported in the
literature on patients harboring SBCs ranges from 80 to
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871845305256 In our series the mean preoperative score
was 89.78. Univariate analysis of survival showed that pa-
tients presenting with a preoperative KPS score = 80 had
a statistically significant longer OS and PFS than patients
with worse preoperative general conditions (p = 0.012 and
0.044); however, these data were not statistically signifi-
cant on fitting the Cox proportional-hazards model.

The mean postoperative KPS score as reported by ma-
jor published series ranges from 78 to 86,!84-5051.56 with a
rate of fully active patients ranging from 67% to 76%.3'8 In
our series the mean best postoperative KPS score record-
ed at follow-up was 92.84 (range 60—100), higher than the
score recorded before surgery. These data suggest that the
overall impact of surgery on patient quality of life seems
to be positive or at least not detrimental.

Radiation Therapies

High-dose radiotherapy plays an important role in the
management of chordomas, providing better tumor con-
trol.>423 The most common delivery methods include frac-
tionated radiotherapy, charged-particle radiation therapy
with proton beams or carbon ions, and radiosurgery us-
ing Gamma Knife and Cyber Knife 330:313840465456 Criteria
for the application of radiotherapy as adjuvant treatment
in the multimodal management of SBCs are still a matter
of debate. Clinical series have reported the percentage of
patients undergoing radiotherapy as ranging from 20% to
100% (Table 4).362% There are 2 main treatment philoso-
phies: resection followed by radiotherapy only in patients
who have tumor remnants,!'® or radiotherapy adminis-
tered proactively, regardless of the presence of residual
tumor.!*® Since 2001 we have routinely delivered adju-
vant radiation therapies to the tumor bed even in cases of
gross-total resection. Considering the high risk of micro-
scopic infiltration of the resection margins by tumor cells,
we reasoned that our strategy would result in better PFS.
However, statistical significance was not found in com-
paring the survival of patients with gross-total resection
who were treated with adjuvant radiation therapy versus
those who were not. Even in the literature, studies aimed
at investigating this topic are still lacking. In the present
series, 75.5% of patients were treated with different types
of radiation therapy. On multivariate analysis, we found
that radiotherapy positively affected both OS (p = 0.038)
and PFS (p = 0.016). No significant data were found when
separately considering patients who underwent different
types of radiotherapy. In the literature, we still lack clini-
cal series comparing the efficacy and safety of different
types of radiation therapies for SBCs.

Biological Prognostic Factors

Previous studies have investigated the classic pathologi-
cal paradigms in relation to the biological and clinical be-
havior of SBCs 10111840 The proliferative ability of SBCs
appears to be closely associated with recurrence and nu-
clear pleomorphism? and correlates with the combination
of p53 overexpression, anaplasty, high-grade atypia, and
diffuse proliferation.** Expression of telomerase transcrip-
tase mRINA and the mutation of p53 may indicate cases at
risk for early recurrence,* while the expression of MIB-1,
p53, and cyclin D1 was identified as a possible predictor
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of recurrence.”® Tumor doubling time correlated with age,
sex, histological parameters, and Ki 67 labeling index.*!

Nevertheless, today we know very little about the onco-
genesis of chordomas, although it is well established that
not all chordomas behave the same. There are at least 2
subsets of SBCs with distinct clinical behavior: one group
with a benign course and another with an aggressive and
rapidly progressive course. Chordomas are polyclonal tu-
mors* with diverse chromosomal aberrations. An abnor-
mal karyotype has been found in about half of chordomas,
with chromosomal deletions being more frequent than am-
plifications.?>** Chordomas have 3 genetic lesions that have
potential clinical and therapeutic importance: 1p36 loss,*#
9p21 loss,*? and 7q gain.*** Failure of apoptosis is known
to be a key mechanism for the induction and maintenance
of the neoplastic phenotype. Apoptotic mechanisms are in-
volved in notochord formation, and apoptosis is deregulat-
ed in chordoma.!s Loss of heterozygosity in the 1p36 region
has been indicated as a possible negative prognostic factor
by Longoni et al.?’ In 27 chordoma samples from the 45
patients described above, we investigated the LOH in 1p36.
Stratifying patients according to LOH status at 1p36 on
survival analysis, we observed that all events (recurrence
or death) clustered in the group of patients with 1p36 LOH.
Nevertheless, this biological marker did not reach statisti-
cal significance on multivariate analysis. Even though 1p36
LOH was not an independent predictor of outcome, genetic
analysis should be performed in larger series of patients to
point to new markers possibly predicting a different recur-
rence rate. Ideally, the aggressiveness of surgery and the
indication and timing of adjuvant radiation therapy should
be settled based on both patient characteristics and tumor
biology.

Status of the Disease and Survival

Compared with those in previous major clinical reports
(mean follow-up 52.6 months) 31011174938 the follow-up in
our series (average 75.98 months) was the longest after that
reported by Forsyth et al. (99 months).!” At the last follow-
up examination, 35% of our patients had died of tumor pro-
gression or complications from it. Average OS was 75.98
months, and the predicted 5- and 10-year OS were 66.8%
and 56.9%, respectively; predicted PFS at 5 and 10 years
were 58% and 44.4%, respectively. These data are compa-
rable to those previously reported (Table 4).

Conclusions

Skull base chordomas are extremely rare tumors that
are challenging to treat. No standardized guidelines exist,
and clinical series are usually not large and homogeneous
enough to perform a robust statistical analysis. Resection
remains the treatment of choice for primary and recurrent
SBCs.

Multivariate analysis showed that the extent of resec-
tion, adjuvant radiation therapy, and the absence of rhino-
pharynx invasion were positive independent predictors of
OS, whereas the 2 last variables and a younger patient age
were positive independent predictors of PFS.

Genetic analysis, while showing interesting results,
failed to define 1p36 LOH as an independent predictor of



clinical outcome. Additional studies in a greater number of
patients should be performed to point to new markers pos-
sibly predicting a different recurrence rate in an attempt to
define tailored treatments according to a patient’s tumor
biology.
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