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Abstract

Aims: The management of cranial chordomas is controversial. We provide a comprehensive
review of the evolving patterns of care of cranial chordomas in the USA.

Materials and methods: We analysed the National Cancer Database (NCDB) and the
Surveillance, Epidemiology, and End Results (SEER) database between 2004 and 2014 for clinical
characteristics and long-term survival, and the National Surgical Quality Improvement Program
(NSQIP) dataset between 2005 and 2016 for perioperative characteristics and surgical morbidity.

Results: In total, 936 patients were identified from the NCDB, 405 patients from SEER and 64
patients from the NSQIP. Most patients were men (56.2, 54.8 and 57.8% in NCDB, SEER and
NSQIP, respectively) and White (80.9 and 83.2% in NCDB and SEER, respectively). Surgery was
the preferred treatment modality (87.3% in NCDB and 86.2% in SEER). Surgery was carried out
alone (41.8% in NCDB and 40.7% in SEER) or in combination with radiation (42.1% in NCDB
and 45.4% in SEER). Proton therapy was the most common type of radiation (32.2% in NCDB),
particularly after 2011. The median operative time, median hospital length and postoperative
morbidity were significantly higher in chordoma patients compared with patients who underwent
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other skull-base procedures. The 5-year survival rate was 79.8% in NCDB and 76.9% in SEER.
There was a trend towards longer survival in patients receiving surgery and radiation, which
has been increasingly used since 2004. Patients younger than 60 years had a decreased risk of
mortality.

Conclusions: Our analysis reflects patterns of care in the USA. The use of surgery and radiation
is increasing, with a trend towards longer survival. Surgery is complicated with long operative
time, hospital stay and a higher rate of complications.
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Introduction

Chordomas are slow-growing and locally destructive neoplasms that originate from the
remnants of the notochord along the neural axis [1-3]. These tumours represent less than
4% of all bone malignancies [4] and have an incidence rate of 0.08 per 100 000 population
[5]. Around 30-40% of chordomas are located in the cranium and are generally associated
with a poor prognosis [1,6]. Chordomas are typically divided into three variants based

on histological features: classical, chondroid or dedifferentiated chordomas. The diagnosis
of chordoma is confirmed with immunohistochemical studies showing its epithelial origin
(cytokeratin, epithelial membrane antigen and brachyury) [7,8].

Large tumour extension and proximity to eloquent brain structures frequently limit gross
total resection [9]. High-dose radiation therapy after surgical resection has shown a
significant survival advantage [9-11]. However, it is limited due to the high doses needed
and the risk for neurotoxicity [2]. Chemotherapy has not shown effectiveness as a first
course of treatment, but there are some investigations for targeted therapies at recurrence
[12-15].

Descriptions of perioperative morbidity for chordoma surgery are limited to single-centre
experiences. Similarly, previous studies describing outcomes and patterns of care either
combined chordomas and chondrosarcomas together or were conducted using patient data
recorded over a decade ago [5,6,11,16,17]. An updated description is warranted, as radiation
and surgical techniques have improved significantly allowing for improved local control

and survival [18,19]. This study provides a comprehensive description of patterns of care,
operative characteristics and survival using the National Cancer Database (NCDB), the
Surveillance, Epidemiology, and End Results (SEER) database and the National Surgical
Quality Improvement Program (NSQIP) dataset.

Materials and Methods

We carried out an analysis of the NCDB, NSQIP and SEER to evaluate and compare the
demographics, clinical characteristics and survival of patients with a diagnosis of chordoma.
The NSQIP and the NCDB are hospital-based databases maintained by the American
College of Surgeons as quality improvement projects. The NCDB collects cancer-based
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information from 1500 hospitals in the USA, whereas the NSQIP collects surgical data
from 688 hospitals. SEER is a population-based cancer registry. These databases have been
described previously and have been used extensively in brain tumour research [20-26].
Informed consent was waived as data are de-identified per NCDB, SEER and NSQIP before
data analysis.

We analysed the 2015 NCDB, which includes patients from 2004 to 2014 and collects over
70% of all newly diagnosed cancer patients in the USA. Chordoma patients were found

in the brain/central nervous system and bone participant user files. In SEER, 18 registries
were queried from 2004 to 2014 that cover around 28% of the US population. Due to the
similarities in data collection of both databases, some cases are expected to be captured

by both datasets. The degree of case overlapping is unknown due to data de-identification.
Cranial chordomas were identified using the International Classification of Disease for
Oncology third edition (ICD-0-3) codes 9370, 9371 and 9372 in the NCDB. Cases located
within the cranium were selected. Spinal cases were excluded (C70.1, C72.0, C72.1).

The type of radiation was derived from the Regional Treatment Modality variable in the
NCDB and was divided into four groups: intensity-modulated radiation (IMRT), stereotactic
radiosurgery (SRS), other photon and proton therapy. The median income (census median
income quartiles 2007-2012), education status and residency area were derived from the
NCDB based on the patient’s residential zip code at the time of diagnosis. Education was
assessed by the percentage of non-high school graduates in the patient’s residential zip code
(7%, 7-12.9%, 13-20.9%, =21%) [27]. Income and education from SEER are defined
using the American Community Survey 2007-2011. Living regions in SEER are defined
using the Rural Urban Continuum Codes.

The NSQIP was queried from 2005 to 2016 for all skull-base procedures using the

CPT codes: 61580-61598. Chordomas were identified using the following postoperative
diagnosis codes: an ICD-9 code of 170.0 or an ICD-10 code of 41.0. Patients with a
diagnosis of chordoma were compared with patients who underwent skull-base surgery for
other pathologies. The NSQIP and the hospitals participating are the source of the data used
herein; they have not verified and are not responsible for the statistical validity of the data
analysis or the conclusions derived by this study. In the NSQIP, morbidity was defined as
one of the following 30-day outcomes: any surgical site infection (incisional, deep or organ/
space), wound dehiscence, pneumonia, blood transfusion, urinary tract infection, unplanned
intubation, mechanical ventilation for greater than 48 h, sepsis/septic shock, renal failure

or insufficiency, pulmonary embolism, deep venous thrombosis, cardiac arrest, myocardial
infarction or stroke, as previously described by other groups. Critical care complications
were defined as one of the following 30-day outcomes: unplanned intubation, mechanical
ventilation for greater than 48 h, sepsis/septic shock, renal failure or insufficiency, cardiac
arrest, myocardial infarction, stroke, pulmonary embolism, deep venous thrombosis or
organ/space surgical site infection (SSI).

Categorical variables were reported using counts and percentages and compared using
chi-squared and Fisher’s exact tests. Medians and interquartile ranges are presented for
continuous variables from the NSQIP data. Survival estimates were assessed using data
from the NCDB by Kaplan—-Meier and Cox proportional hazards models. Analyses from
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the NSQIP were carried out in R 3.5.0 (R Core Team; Vienna, Austria), whereas analyses
from the NCDB and SEER were carried out using SAS software version 9.4 (SAS Statistical
Institute, Cary, NC, USA). Statistical significance was set at < 0.05.

Results

Demographics and Characteristics of Cranial Chordomas in the USA

Queries identified 936 patients from the NCDB and 405 patients from SEER. The median
age at diagnosis was 47 years in the NCDB and 50 years in SEER. Paediatric patients (0e20
years) accounted for 10.3% of patients in the NCDB and for 8.4% of patients in SEER
(Table 1). Patients older than 60 years represented 26.8% of the patients in the NCDB and
28.4% in SEER. Most patients were men (56.2% in NCDB and 54.8% in SEER), White
(80.9% in NCDB and 83.2% in SEER) and non-Hispanic (78.6% in NCDB and 77.8% in
SEER).

Conventional chordomas (chordomas, not otherwise specified) accounted for 88.8% of the
patients in the NCDB and 89.1% in SEER, chondroid chordomas for 10.3% in the NCDB
and 10.4% in SEER and dedifferentiated chordomas for 1.0% in the NCDB and 0.5% in
SEER. We found no significant difference in demographics between the three histological
groups. Tumour size was available for 72.5% of the cases in the NCDB and for 74.8% in
SEER. Tumour size was between 0 and 2 cm in 70.9% of patients in the NCDB and 73.8%
in SEER. Only 14 (1.5%) patients in the NCDB and four (1.0%) patients in SEER had
reported measurements over 2 cm.

About 60% of patients in the NCDB and over 84% of patients in SEER lived in areas with
a median annual income of over $48 000. Patients with an annual income under $38 000
accounted for 16.9% in the NCDB and 2.7% in SEER. Over 19% of patients in the NCDB
and around 25% of patients in SEER lived in areas with over 21% of non-high school
graduates (Table 1).

Patterns of Care

Surgery was the preferred treatment modality, with 87.2% of the patients in the NCDB

and 86.2% of the patients in SEER undergoing any type of surgical procedure (Table 1).
Surgery was carried out alone (41.1% in NCDB and 40.2% in SEER) or in combination
with radiation (41.8% in NCDB and 43.7% in SEER) (Figure 1). Twenty-eight (3.0%) were
treated with radiation only in the NCDB compared with none receiving radiation only in
SEER. Watchful waiting was the first course of treatment in 7.1% of patients in the NCDB
and 13.3% of patients in SEER. Only 15 (1.6%) patients in the NCDB and 10 (2.5%) in
SEER received chemotherapy as the first course of treatment. There was no significant
difference in terms of treatment between the three histology subgroups in both databases.

The type of radiation was reported for 431 of the 438 patients who received radiation in the
NCDB. Proton therapy was the most common, accounting for 32.2% of patients, followed
by other photon therapy (23.7%), IMRT (22.6%) and SRS (19.9%) (Table 1). There was an
increasing trend for the use of proton and other photon therapy, with a decreasing use of
SRS (Supplementary Figure S1).
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We analysed patterns of care throughout the years of diagnosis (Figure 2). We found an
increasing trend towards using surgery and radiation, and a decreasing use of surgery
alone in both the NCDB and SEER. The trend was marked after 2010 and was especially
noticeable in the NCDB (Figure 2A). The use of watchful waiting has been stable
throughout the years, with a slight decreasing trend (Figure 2).

Perioperative Characteristics and Surgical Morbidity

Survival

We identified 2362 patients undergoing skull-base procedures, of which 64 were defined as
chordomas. We compared patients who underwent skull-base surgery for chordomas with
patients who had skull-base surgery for any other pathology (Supplementary Tables S1

and S2). We found no significant difference in age, gender, comorbidities or preoperative
laboratory values. No patient who underwent skull-base procedures in the NSQIP database
presented with ascites or severe preoperative renal failure. No patient was functionally
dependent, ventilator dependent, had a history of chronic heart failure, bleeding disorder,
preoperative sepsis or received dialysis at the time of surgery in the chordoma cohort
(Supplementary Table S1).

The median operative time was significantly higher in patients with chordomas (497 min
compared with 320 min in patients with any other indications, £< 0.0001). The American
Society of Anesthesiologists’ (ASA) classification did not differ between the two groups. In
patients with chordomas, the most common ASA class was ASA 111 (60.9%), followed by
ASA I-11 (28.1%). Over 10% of patients had an ASA of IV-V. The median hospital length
of stay was also significantly longer in patients with chordomas (7 days versus 4 days, P=
0.0001). Most patients were discharged home (82.9%). One patient died within 30 days of
surgery.

Overall postoperative morbidity was higher in the chordoma group (43.8% versus

22.5%, P=10.0001). It was statistically significant for superficial and deep surgical site
infection, wound disruption and blood transfusion. Critical care complications did not vary
significantly between groups (Supplementary Table S2).

The median survival for cranial chordomas could not be assessed in both the NCDB and
SEER as the survival rates were higher than 50% at the end of the follow-up period (Figure
3A,B). The 5-year survival rate was 79.8% in the NCDB and 76.9% in SEER (Table 2). We
found no statistically significant difference in overall survival between histology groups in
both the NCDB and SEER. The 5-year survival rates for conventional chordoma, chondroid
chordoma and dedifferentiated chordoma were 79.7, 82.7 and 64.8%, respectively, in the
NCDB, with 75.3, 82.5 and 50.0%, respectively, in SEER.

Patients older than 60 years of age had shorter 5-year survival estimates compared with any
other age group (Table 2). Patients who received chemotherapy in the NCDB had a 5-year
survival rate of 56.2% compared with 48% in SEER. The 5-year survival rates for surgery
and radiation combination treatment were comparable between both databases. Patients
treated with radiation only had a 5-year survival rate of 48.9% in the NCDB compared
with 61.1% in patients who did not receive any form of initial treatment. The 1- and 5-year
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survival rates were highest with proton therapy, followed closely by IMRT and other photon
therapy (Supplementary Table S3).

Kaplan—Meier survival analyses showed a lower median survival in patients who received
radiation only (4 months in the NCDB) (Figure 3C,D). There was a trend towards longer
survival in patients who received surgery and radiation in both the NCDB and SEER (Figure
3C,D). Median survival did not differ by type of radiation modality used (Supplementary
Figure S2). We carried out a multivariate analysis for independent risk factors for mortality
(Table 3). Patients younger than 60 years had a decreased risk of mortality. Lower
socioeconomic status and a higher number of comorbidities showed a trend towards a higher
risk of mortality but it was not statistically significant.

Discussion

Cranial chordomas were most common in White people with median age of 47-56 years,
which matches previous demographic descriptions [6,28]. There was a male gender majority
in both the NCDB and SEER, which is different from a previous analysis of SEER (1975-
2004), which reported a female predominance [6]. There was a higher percentage of females
and Hispanic patients in SEER. Conventional chordomas was the most common histology
group (88.8% in NCDB and 89.1% in SEER), followed by chondroid chordomas (10.3%

in NCDB and 10.4% in SEER) and dedifferentiated chordomas (1.0% in NCDB and 0.5%
in SEER), which is similar to previous epidemiological descriptions [28]. Most published
studies have reported that most patients had a tumour size between 2 and 6 cm. However, in
our analysis of both the NCDB and SEER, tumours <2 cm represented 59.5% and 73.8% of
chordomas [28]. This may be due to reporting bias, as the vast majority of previous studies
were single-centre retrospective studies. Of note, tumour size was missing in 27.5% of
NCDB patients and in 25.2% of SEER patients. Smaller tumours may allow for increasing
rates of surgery, more extensive resections and fewer complications.

Treatment protocols for cranial chordomas are controversial due to the relative radio-
resistance of chordomas [29] and the limitations of surgical resection. Most studies agree
on the paramount importance of radical surgical resection as initial therapy [22,30], with
the extent of the resection being the most important survival predictor [16,31,32]. However,
due to the involvement of main neurovascular structures at the skull base, resection is often
limited [9]. Strategies to achieve local control often include adjuvant high-dose focused
radiation (proton beam, carbon ion or SRS).

The use of combinatorial treatment of surgery and radiation has shown survival benefits over
surgery alone in single-centre experiences [19,33]. Previous analyses of the SEER database
did not show higher survival in patients who received surgery and radiation over patients
who underwent surgery only [6]. Our results show a trend towards longer overall survival in
patients receiving surgery and radiation. It is of note that comparing our results with SEER
descriptions from 1975-2004 [6], the survival of patients receiving surgery and radiation has
increased significantly. This may reflect a higher use of radiation for patients who were not
offered the option in previous years, improved imaging techniques and the advent of modern
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radiation techniques, such as IMRT, SRS and proton therapy, which enhance delivery of
tumoricidal doses of radiation.

Radiation for chordomas requires very high doses to achieve effectiveness [34]. In patients
with clival chordomas receiving photon beam radiation with doses around 60 Gy, 5-year
local control has been reported to be between 28 and 39% [35-37], whereas at a median
dose of 66.6 Gy, 5-year control rates are reported to be 50% [38]. The doses of radiation are
individualised based on tumour location and the extent of the resection; recommended doses
range from 70 to 78 Gy [39]. An investigation using the NCDB showed that doses higher
than 70 Gy were associated with survival in both chordomas and chondrosarcomas [40].

Using IMRT and SRS, 5-year control rates are between 62 and 93% [41-46]. Particle
therapy, such as proton and carbon ion therapy, allow for controlled dose distribution and
are a promising option in the treatment of cranial chordomas. The use of carbon ion
radiotherapy for skull-based chordomas have reported 5-year local control rates over 70% in
single-centre studies [47-50] and was found to be superior to gamma knife radiosurgery in
a meta-analysis [16]. However, a recent meta-analysis did not show significant differences
between SRS, proton therapy and carbon ion therapy at 3- and 5-year survival [51]. The
10-year survival data showed a benefit of proton therapy [51]. Carbon ions have a higher
biological effectiveness and deliver larger mean energy per unit length compared with
photons and protons, but it is a technique that is less widely available.

Particle therapy is considered to be the standard of care, due to its ability to provide higher
doses associated with the Bragg peak; allowing dose deposit within the targeted volume with
limited or no radiation to distal tissues and a safer profile compared with SRS [39]. Proton
beam radiation series have described a 5-year survival rate of over 60-80% [10,34,40,52—
56]. Due to the high costs associated with carbon ion and proton radiation therapy, facilities
are not widely available, and no published clinical trial has compared SRS with proton
therapy or proton therapy with carbon ions [57,58]. Our 5-year survival rates with radiation
plus surgery are similar to those described in recent adjuvant radiation series and our results
did not suggest a benefit of one radiation modality over the other. Radiation techniques

can also combine photon and proton therapy, and this may not be assessed from the data
available in the NCDB. The use of photon beam radiation after proton beam therapy for
skull-base chordomas remains under investigation, but may be halted due to the high cost of
proton beam radiation and its limited availability.

Our results showed a higher use of radiation in patients reported by SEER compared

with the NCDB. This may be associated with socioeconomic differences, as there was a
significantly lower percentage of patients in SEER earning less than $38 000 a year (2.7%
in SEER compared with 16.9% in NCDB) and a lower percentage of patients living in rural
areas (0.3% in SEER compared with 4.1% in NCDB).

There is no established role for chemotherapy in the initial management of chordomas.
Epidermal growth factor receptor expression has been confirmed in a series of 12 chordoma
patients [59] and whole-transcriptome analyses have identified 7 (brachyury), LMXIA,
Z1C4, L HX4and HOXA1 to be potential biomarkers for chordomas [60]. At the time of
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progression, evidence suggests some degree of activity using targeted therapies, specifically
lapatinib, cetuximab, gefinitib, imitinib and sunitinib [15,61,62]. Finding targetable markers
for chordomas is an area of active investigation.

Several approaches have been described in the literature to improve surgical time and patient
outcomes, including endoscopic approaches [63—-66]. Our results suggested that chordoma
surgery was significantly more morbid compared with any other skull-base procedure, with
relatively high superficial and deep surgical site infections, as well as haemorrhage requiring
blood transfusions. Cerebrospinal fluid leak after extensive skull-base surgery is known to be
associated with surgical site infection and meningitis [67]. Bleeding has also been reported
to be high in skull-base tumours displacing or encasing the internal carotid artery or its
branches. Cerebrospinal fluid leak is commonly described in the chordoma literature, in up
to 26% of patients, followed by 12% intraoperative vessel injury and 12% perioperative
death [17,66].

The median survival in both the NCDB and SEER 2004-2014 was indeterminate, but is
expected to be over 12 years, which is significantly longer than the 6-9 years previously
described using SEER [5,6]. The median survival for patients who did not receive initial
treatment was 8 years, but the median survival could not be assessed for patients who

had surgery and radiation or surgery only. We believe that this is in part due to improved
surgical and radiation techniques and the wide availability of radiation [34,52]. Previous
single-centre studies and SEER analyses have suggested longer survival in younger patients
without statistical significance [6,37]. Our analysis showed that younger patients had a
decreased risk of mortality compared with patients older than 60 years. Age was the only
significant risk factor identified.

Some of the limitations of our analysis included the lack of availability of details about
clinical presentation, surgical approach, type of radiation, recurrence and complications
management. We have provided a comprehensive review on the management of a rare
tumour using the available data for the first line of treatment. Patients reported in SEER
were more likely to receive radiation and more likely to be followed expectantly, suggesting
differences that may be bound to facility location and socioeconomic status. Patterns of care
are changing, with a trend towards longer survival and relatively acceptable post-treatment
complications with surgery and radiation. Surgery is complicated with a long operative time,
hospital stay and a higher rate of complications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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received (none, surgery alone or radiation and surgery) by year of diagnosis, Surveillance,
Epidemiology, and End Results (SEER) 2004-2014.
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(A) Overall survival, National Cancer Database (NCDB) 2004-2014. (B) Overall survival,
Surveillance, Epidemiology, and End Results (SEER) 2004-2014. (C) Survival by treatment
modality comparing no treatment, surgery only and surgery plus radiation, NCDB 2004—
2014. (D) Survival by treatment modality comparing no treatment, surgery only and surgery

plus radiation, SEER 2004-2014.
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