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ORIGINAL RESEARCH
HEAD & NECK

Prognostic Implications of Gadolinium Enhancement of Skull
Base Chordomas

E. Lin, ““T. Scognamiglio, “*Y. Zhao, " T.H. Schwartz, and “* C.D. Phillips

ABSTRACT

BACKGROUND AND PURPOSE: Skull base chordomas often demonstrate variable MR imaging characteristics, and there has been limited
prior research investigating the potential clinical relevance of this variability. The purpose of this retrospective study was to assess the
prognostic implications of signal intensity on standard imaging techniques for the biologic behavior of skull base chordomas.

MATERIALS AND METHODS: Medical records were retrospectively reviewed for 22 patients with pathologically confirmed skull base
chordomas. Clinical data were recorded, including the degree of surgical resection, the presence or absence of radiation therapy, and time
to progression/recurrence of the tumor or time without progression/recurrence of the tumor following initial treatment. Pretreatment
imaging was reviewed for the presence or absence of enhancement and the T2 signal characteristics. Tumor-to-brain stem signal intensity
ratios on T2, precontrast T1, and postcontrast Tl spin-echo sequences were also calculated. Statistical analysis was then performed to
assess correlations between imaging characteristics and tumor progression/recurrence.

RESULTS: Progression/recurrence of skull base chordomas was seen following surgical resection in 1 of 14 (78.6%) patients with enhancing
tumors and in zero of 8 patients with nonenhancing tumors. There was a statistically significant correlation between skull base chordoma
enhancement and subsequent tumor progression/recurrence (P < .001), which remained significant after controlling for differences in
treatment strategy (P < .001). There was also a correlation between postcontrast TI signal intensity (as measured by postcontrast Tl
tumor-to-brain stem signal intensity ratios) and recurrence/progression (P = .02). While T2 signal intensity was higher in patients without
tumor progression (median tumor-to-brain stem signal intensity ratios on T2 = 2.27) than in those with progression (median tumor-to-brain
stem signal intensity ratios on T2 = 1.78), this association was not significant (P = .12).

CONCLUSIONS: Enhancement of skull base chordomas is a risk factor for tumor progression/recurrence following surgical resection.

ABBREVIATIONS: BSS = brain stem signal; R, = ratio of tumor-to-brain stem postcontrast Tl signal intensity; R, = ratio of tumor-to-brain stem precontrast
Tl signal intensity; Ry, = ratio of tumor-to-brain stem T2 signal intensity; TS = tumor signal

hordomas are tumors derived from undifferentiated noto-  tional photon therapy. Although chordomas are considered

chordal remnants residing throughout the axial skeleton.'”  low-grade neoplasms on a histologic basis, most chordomas

Chordomas are relatively rare tumors, accounting for approxi-
mately 1%—4% of primary bone tumors, with an incidence of
approximately 0.08 per 100,000.*> Current treatment strategies
for chordomas typically consist of surgical resection and adjuvant
radiation therapy, with proton beam therapy favored over tradi-
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will recur or progress, regardless of initial treatment strate-

+%7 The typically insidious clinical course, large tumor

gies.
burden at the time of diagnosis, and locally aggressive nature of
chordomas all pose clinical management difficulties.*®° Me-
tastases have also been reported in 7%-14% of cases, most
commonly to the lung.'>"" Skull base chordomas, which ac-
count for approximately 32% of chordomas, are particularly
difficult to treat given their proximity to cranial nerves, the
brain stem, and skull base vasculature, and this anatomic site
presents more pronounced challenges to gross total resection
and radiation therapy.*

A variety of prognostic factors has been reported for skull
base chordomas, including the degree of surgical resection,
tumor size, preoperative Karnofsky Performance Status, type of
adjuvant radiation therapy, prior surgical and radiation history, and
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tumor pathology.”'*** Three pathologic subtypes have been identi-
fied— conventional, chondroid, and dedifferentiated—with con-
ventional chordomas the most common and dedifferentiated
chordomas the least common and having the least favorable prog-
nosis.'»?>*>?* Other factors, such as age and sex, have demon-
strated variable associations with outcome.'®'#2022252° How-
ever, there is a paucity of research investigating the correlation
between imaging features for skull base chordomas and progno-
sis, or the lack thereof.

The current radiology literature on chordomas has focused
mostly on imaging to distinguish chordomas from other differential
considerations.>**> On MR imaging examinations, chordomas clas-
sically have been described as demonstrating T2 hyperintensity with
enhancement on postcontrast imaging. Investigations into diffusion-
weighted MR imaging characteristics have shown low ADC values
for chordomas, particularly when compared with chondrosarcomas,
which may otherwise have similar imaging characteristics.”> How-
ever, chordomas are also known to have marked variability in T2
signal and degree of enhancement.>** While some studies have pos-
ited a correlation between MR imaging characteristics and histologic
grade, analyses with larger samples have failed to demonstrate a sta-
tistically significant correlation between imaging features and chor-
doma histology.”>*?°

Aside from its standard use as a diagnostic tool, MR imaging
has demonstrated prognostic utility for many entities, with exten-
sive literature supporting the use of signal intensity measure-
ments in predicting prognosis for a variety of tumors.””*° How-
ever, prior radiology literature addressing skull base chordomas
has focused largely on identifying diagnostic imaging features,
with only 1 recent study investigating the use of imaging as a
prognostic tool.”® In this study, we present findings suggesting
that enhancement characteristics of skull base chordomas may be
predictive of the clinical course.

MATERIALS AND METHODS

Overview

A retrospective study was performed after approval by the insti-
tutional review board, with patient privacy protected in accor-
dance with the requirements of the Health Insurance Portability
and Accountability Act. Medical records were reviewed for pa-
tients with pathologically confirmed skull base chordomas treated
at our institution between May 2003 and July 2016. Patients were
included in the study only if the following were available for re-
view: pretreatment MR imaging examination, posttreatment MR
imaging examinations (remote from the immediate postoperative
imaging), operative reports, and pathologic specimens. Using
these inclusion and exclusion criteria, we identified a group of 22
patients for this study.

Pathology

All pathologic specimens were re-analyzed by a neuropathologist
with expertise in head and neck tumors, and the diagnosis of
chordoma was confirmed in all 22 cases. Classic histopathologic
features, including cords and nests of epithelial cells with variable
atypia and the presence of physaliphorous cells embedded within
an abundant myxoid matrix, were observed in all cases, in addi-
tion to an infiltrative growth pattern. Pathologic diagnosis was
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also confirmed with positive immunohistochemical staining for
pan-cytokeratin and epithelial membrane antigen in all cases. Of
the 22 cases of chordoma, 8 had chondroid features, 1 was a
dedifferentiated subtype, and the remaining 13 cases were the
conventional type.

Clinical Data

Clinical data for these 22 patients were obtained from electronic
medical records, with documentation of the degree of surgical
resection, the presence or absence of radiation therapy, and time
to progression/recurrence or time without progression/recur-
rence. The degree of surgical resection was categorized as gross
total or subtotal on the basis of surgical and radiologic assess-
ments documented in operative reports and immediate postop-
erative imaging. Nine patients had gross total resections, while 13
had subtotal resections. Sixteen of the 22 patients had adjuvant
radiation therapy. Clinical and radiologic follow-up was available
for all patients, with a median follow-up time of 28.5 months
(range, 2-115 months). Progression and recurrence were defined
by imaging assessments, with all except 1 case of progression/
recurrence also having pathologic confirmation of chordoma on
repeat resection.

Imaging

MR imaging examinations were performed on either 1.5T or 3T
magnets. The available pretreatment MR imaging sequences were
variable: Twenty patients had postcontrast spin-echo T1 imaging,
18 patients had postcontrast spoiled gradient-echo T1 imaging, 8
patients had precontrast spin-echo T1 imaging, 9 patients had
diffusion-weighted imaging, and 12 patients had precontrast
spin-echo T2 imaging performed with their available pretreat-
ment MR imaging examinations. Pre- and postcontrast spin-echo
T1 imaging was obtained with TRs ranging from 466.7 to 650.0 ms
and TEs ranging from 7.9 to 16.5 ms. Precontrast spin-echo T2
imaging was performed with TRs ranging from 3000.0 to 4483.3
ms and TEs ranging from 72.0 to 95.0 ms. Diffusion-weighted
imaging was not analyzed, given the relatively small number of
patients for whom this sequence was available on pretreatment
imaging.

For all 22 patients, the presence or absence of tumor enhance-
ment on pretreatment imaging as a dichotomous variable was
documented. Subsequently, pretreatment tumor signal intensity
on T2 and pre- and postcontrast spin-echo T1 imaging were as-
sessed in patients with available imaging. For the 2 patients with-
out pretreatment postcontrast spin-echo T1 imaging, pretreat-
ment postcontrast T1 spoiled gradient-echo images were available
for assessing the presence or absence of tumor enhancement, but
postcontrast T1 signal intensity was not measured. By means of
the institutional PACS, signal-intensity measurements were made
within ROIs selected in each patient’s tumor. ROIs were selected
on 3 different axial planes for all except 1 patient, for whom 2 axial
planes were used due to constraints from smaller tumor size. To
account for differences in imaging technique and image noise, we
selected a control region within the brain stem on each of these
axial images, and a similar technique was used to measure signal
intensity in this region of the brain stem. ROIs were selected by
drawing the largest possible elliptic area within the tumor or brain
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FIG1. Example of an ROl selection. The largest possible elliptic ROl was drawn within the bound-
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stem without incorporating adjacent structures (Fig 1). All ROI
signal measurements were performed by a board-certified neuro-
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Statistical Analysis
Initial statistical analysis was performed with binary categoriza-
tion of tumor enhancement (present or absent) and tumor recur-
rence/progression (present or absent). The Fisher exact test was
used to analyze the association between tumor enhancement and
recurrence/progression. To mitigate bias relating to differential
follow-up time (ie, those with more follow-up time have more
opportunity to have recurrence/progression), we also repeated
the Fisher exact test in a cohort of 16 patients who were followed
up for =50 months. We re-analyzed the association between tu-
mor enhancement and tumor recurrence/progression, adjusting
for treatment strategy (surgical resection alone or surgical resec-
tion and radiation therapy).

Ordinal and continuous values for tumor signal and time to
tumor recurrence/progression were subsequently analyzed.
The association between enhancement and time to recurrence/

RESULTS

Of the 22 patients with skull base chordomas in this sample, 14
patients had enhancing tumors and 8 patients had nonenhancing
tumors (Fig 2). Eleven (78.6%) of the 14 patients with enhancing
tumors had recurrence or progression of tumor, while zero of 8
patients with nonenhancing tumors had recurrence or progres-
sion. The association between tumor enhancement and tumor
recurrence/progression was statistically significant (P < .001),
and the statistical significance remained after restricting the co-
hort to patients with =50 months of follow-up time to mitigate
bias related to differential follow-up time (P = .001).

All patients in the sample underwent surgical resection for their
skull base chordomas, but 6 of the 22 patients did not undergo adju-
vant radiation therapy, 4 of whom had enhancing tumors and 2 of
whom had nonenhancing tumors. Given findings in prior studies
demonstrating statistically significant correlations between treat-
ment strategies and recurrence/progression of tumor, statistical anal-
ysis was also performed adjusting for treatment strategy, which still
demonstrated a statistically significant association between enhance-
ment and tumor recurrence (P < .001).

The degree of enhancement, as assessed by R ., calculations,
was higher among patients with recurrence/progression (median
R = 1.42) than in patients without recurrence/progression

post

(median R, = 1.05), with the Wilcoxon rank sum test demon-

post
strating a statistically significant association (P = .003). Based on
attest, there was also a statistically significant correlation between

the presence or absence of enhancement and time to recurrence
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FIG 2. Axial postcontrast Tlimages of pathologically proved chordo-
mas, demonstrating a range of enhancement characteristics. Patient 1
(A) had an avidly enhancing chordoma, treated with near-gross total
resection and proton beam radiation therapy. Twenty-four-month
follow-up (not shown) demonstrated significant progression of tu-
mor, treated with re-resection, but with further progression of tumor
10 months later. Patient 2 (B) had a heterogeneously enhancing chor-
doma, treated with near-gross total resection and proton beam radi-
ation therapy. There was progression of the tumor at 29-month fol-
low-up (not shown). Patient 3 (C) had a nonenhancing chordoma,
treated with near-gross total resection and proton beam radiation
therapy. As of 52-month follow-up (not shown), there has been no
evidence of tumor progression.

(P = .02). However, there was no statistically significant correla-
tion between the degree of tumor enhancement and time to re-
currence/progression (P = .30).

Finally, there was higher average tumor T2 signal in patients
without recurrence/progression (median R, = 2.27) than in pa-
tients with recurrence/progression (median R, = 1.78), but this
association was not statistically significant (P = .12).
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Given prior literature reporting a correlation between chor-
doma subtype and prognosis,”>*>** pathologic subtypes were
also documented for each patient. Of the 22 chordomas, 8 were
chondroid, 1 was dedifferentiated, and 13 were conventional.
There was neither a statistically signification association between
chordoma subtype and enhancement (P = 1.0) nor a significant
association between subtype and degree of enhancement (P = .81
using a f test, P = .78 using the Wilcoxon signed rank test). While
prior literature has shown a relationship between subtype and
prognosis, this sample demonstrated no statistically significant
association between chordoma subtype and time to recurrence/
progression (P = .18).

DISCUSSION

Among the 22 patients in this study, there was a statistically sig-
nificant correlation between the presence of skull base chordoma
enhancement and future tumor progression/recurrence (P <
.001). This correlation remained statistically significant after re-
stricting the cohort to a 50-month follow-up period to mitigate
differential follow-up time bias (P = .001) and demonstrated sta-
tistical significance after controlling for differences in treatment
strategy (P < .001). While categorization of the chordomas into
enhancing and nonenhancing tumors is somewhat subjective,
there was also a statistically significant correlation between the
intensity of postcontrast T1 signal and recurrence/progression
(P =.02). This relationship between chordoma enhancement and
future tumor progression/recurrence was also not attributable to
previously reported associations between chordoma subtype and
prognosis because there was no statistically significant association
between subtype and degree of enhancement (P = .81). While
average tumor T2 signal intensity was higher in patients without
tumor progression than those with progression, this association
was not statistically significant (P = .12).

There were several limitations to this study, the foremost being
the small sample size. The relative rarity of skull base chordomas
limited acquisition of additional patients in a single-center study;
amulticenter study would have offered the possibility of an increased
sample size but with concomitant limitations from greater heteroge-
neity in treatment, follow-up, and imaging inherent in any multi-
center study.

There were also variations in imaging and treatment that were
inherentin a 13-year retrospective study, due to expected changes
in MR imaging magnets, imaging parameters, and treatment ap-
proaches during such a lengthy timeframe. Notably, proton beam
therapy was less frequently used for patients presenting in the
earlier part of the study timeframe. The statistical analysis did not
control for differences in timeframe; thus, this omission intro-
duced potential bias from any changes in treatment approaches
during this period.

Along with the differences in adjuvant radiation therapy, there
were also variations in residual tumor volume for patients with-
out gross total resection. The degree of surgical resection is known
to affect prognosis and the probability of recurrence for patients

with chordomas,'”?°

so controlling for this variable would have
been ideal. However, variable availability and detail of posttreat-
ment medical records precluded correlation with residual tumor

volume.



Given the small sample size of patients and the variable pre-
treatment imaging acquired for this sample, compromises also
had to be made with the study design. For example, assessments of
enhancement would ideally be based on differential signal be-
tween pre- and postcontrast T1 imaging. However, most patients
in this sample were referred for treatment from outside institu-
tions, and the only available pretreatment MR imaging examina-
tion for many of these patients was an abbreviated institutional
surgical planning MR imaging protocol, which lacks precontrast
T1 imaging. Only 8 patients in the sample had precontrast T1
imaging available for signal intensity measurement, requiring an
analysis that did not factor in variations in precontrast T1 signal.
For patients in the sample with precontrast T1 imaging, the SD for
intrinsic T1 signal ratio was relatively low (0.10), suggesting that
postcontrast T1 signal was a relatively accurate measure of en-
hancement; nonetheless, the exclusion of this factor is a limita-
tion, particularly given the known propensity for T1 shortening
associated with intratumoral hemorrhage and mucous pools in
chordomas. For the 14 patients without institutional pretreat-
ment precontrast T1 spin-echo imaging, there were limitations in
distinguishing intrinsic T1 shortening and true enhancement. For
9 of these 14 patients, outside imaging was available for review to
confirm true enhancement. However, for 5 patients, the presence
or absence of enhancement was determined partly on the basis of
outside imaging reports from studies with precontrast T1 imag-
ing; this feature is certainly less than ideal. For 4 of these 5 patients,
there was either residual or recurrent tumor, with institutional
posttreatment MR imaging demonstrating enhancement charac-
teristics corresponding to those stated in outside pretreatment
MR imaging studies, slightly mitigating this limitation.

CONCLUSIONS

Despite several limitations in this retrospective study, the findings
suggest that nonenhancing or minimally enhancing chordomas
have a better prognosis than those that show more avid enhance-
ment on pretreatment imaging. There was also a difference in
median T2 signal between patients with and without tumor re-
currence/progression, but this difference did not demonstrate
statistical significance; however, it is certainly possible that a
larger sample may demonstrate a significant association between
T2 signal and prognosis. Further investigations with a larger sam-
ple size are warranted to confirm the prognostic value of skull base
chordoma imaging characteristics.

Disclosures: Theodore H. Schwartz—UNRELATED: Consultancy: elliquence; Stock/
Stock Options: Visionsense.
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