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ABSTRACT

BACKGROUND AND PURPOSE: Skull base chordoma has been widely studied in recent years, however, imaging characteristics of this
tumor have not been well elaborated. The purpose of this study was to establish an MR imaging grading system for skull base chordoma.

MATERIALS AND METHODS: In this study, 156 patients with skull base chordomas were retrospectively assessed. Tumor-to-pons signal
intensity ratios were calculated from pretreatment MR images Ry, (ratio of tumor to pons signal intensity in T1 FLAIR sequence), Ry, (ratio
of tumor to pons signal intensity in T2 sequence) and R, (ratio of tumor to pons signal intensity in enhanced T1 FLAIR sequence), and
significant ratios for overall survival and progression-free survival were selected to establish a grading system. Clinical variables among
different MR imaging grades were then analyzed to evaluate the usefulness of the grading system.

RESULTS: Ry, (P < .001) and Ry, (P = .04) were identified as significant variables affecting progression-free survival. After analysis, the
classification criteria were set as follows: MR grade I, Ry, > 2.49 and Rg = 0.77; MR grade Il, R, > 2.49 and R > 0.77, or Ry, = 2.49 and
Ren = 0.77; and MR grade IlI, Ry, = 2.49 and Ry > 0.77. MR grade Ill tumors had a more abundant tumor blood supply than MR grade |
tumors (P < .001), and the intraoperative blood loss of MR grade Ill tumors was higher than that of MR grade | tumors (P = .002).
Additionally, skull base chordoma progression risk increased by 2.071 times for every single MR grade increase (P < .00]).

CONCLUSIONS: A higher Ry, value was a negative indicator of tumor progression, whereas a higher Rg, value was a positive risk factor of
tumor progression. MR grade Ill tumors showed a more abundant blood supply than MR grade | tumors, and the risk of skull base chordoma

progression increased with every single MR grade increase.

ABBREVIATIONS: OS = overall survival; PFS = progression-free survival; SBC = skull base chordoma; SI = signal intensity

hordoma is a malignant tumor that originates from noto-
chord remnants, and this tumor often exhibits mild-to-mod-
erate enhancement. It comprises 1.8%—4.3% of bone tumors and
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3.9%—6.1% of malignant bone tumors,' ™ and it shows a marked
predilection for the axial skeleton. Chordoma primarily occurs in
the skull base (32%—42%) and sacrococcygeal region (29.2%).*”
The prevalence of chordomas is 0.08—0.089 per 100,000, and
males (0.01-0.016 per 100,000) have a higher incidence than fe-
males (0.06—0.066 per 100,000).*® Chordoma is locally aggres-
sive and may destroy surrounding bone. Skull base chordoma
(SBC) often involves vital blood vessels, cranial nerves, and other
important structures. Extensive resection of a skull base chor-
doma is difficult and may result in severe complications.” Che-
motherapy usually has a minimal effect on chordomas, and the
current best treatment is radical resection plus postoperative ra-
diation therapy.®® The median survival for patients with SBC is
151 months.'” In recent years, new technologies such as endos-
copy, intraoperative navigation, and electrophysiologic monitor-
ing have facilitated more radical resections."' Although the pro-
ton beam, carbon ion, modulated and stereotactic techniques
were applied in radiation therapy, the progression and mortality
rates of skull base chordoma are still very high.''**

The diagnosis and classification of chordoma primarily de-
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pend on histopathologic evaluation and preoperative imaging
data. Chordoma has 3 histologic types: conventional, chondroid,
and dedifferentiated.'® Conventional chordoma is the most com-
mon type, and patients with chondroid chordoma are reported to
have the best prognoses.® Chordoma often shows low density and

16

bone destruction on CT."® MR imaging is superior in detecting

the tumor and delineating its extent.'” Chordomas have a highly

heterogeneous appearance on MR imaging, demonstrating hypo-

FIG1. MR imaging of 2 patients with SBC. Patient 1 (A—C), 21-years of age. Pathologic findings
were conventional chordoma. The patient underwent subtotal tumor resection with no pro-

to isointensity on T1 sequences and moderate-to-very-high in-
tensity on T2 sequences. The tumor may exhibit minimal-to-
moderate enhancement on enhanced T1 sequences (Fig 1). The
clinical significance of this MR imaging heterogeneity has not
been discussed in the literature, to our knowledge.

We thought that the clinical features and prognosis of SBCs
were associated with the characteristics on MR imaging (Figs 1
and 2). The purpose of this study was to explore the value of MR
signal intensity (SI) in establishing a grad-
ing system for SBC.

MATERIALS AND METHODS
Overview

This study was approved by the ethics
committee of Beijing Tiantan Hospital,
Capital Medical University, and informed
consent was acquired from all patients.
There were no financial conflicts of inter-
est associated with this project. The
method used in this study was similar to
that in the study of Tian et al."* All MR
imaging data used in this study were ac-
quired before any treatment, and all the
enrolled patients underwent an operation
in our hospital.

Patients

In this study, 242 patients underwent an
operation for SBC from February 2005 to
December 2014 in the skull base ward of

gression at 48 months. A, Axial T2-weighted MR imaging. Tumor demonstrates homogeneous

high signal intensity. B, Axial T1 FLAIR-weighted MR imaging. Tumor has relatively homogeneous
hypointense signal compared with the pons. C, Enhanced T1 FLAIR MR imaging shows no en-
hancement of the lesion. Patient 2 (D—F), 25 years of age. Pathologic findings revealed conven-
tional chordoma with necrosis and nuclear division. This patient underwent subtotal tumor
resection with tumor progression at 8 months. D, Axial T2-weighted MR imaging demonstrates
tumor heterogeneity. The signal intensity is relatively lower than that in patient 1. E, Axial T
FLAIR MR imaging. The tumor is heterogeneous and hyperintense compared with the pons. F,
Enhanced T1 FLAIR MR imaging. Tumor exhibits moderate enhancement.
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our hospital. We developed inclusion and
exclusion criteria as follows: The inclu-
sion criteria were the following: 1) All pa-
tients had their primary operation at our
institute, 2) no prior treatment (eg, bi-
opsy, radiation therapy, and chemother-
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FIG 2. Kaplan-Meier analysis illustrating survival (left) and progression-free survival (right) for different MR imaging grades. There were no
differences in overall survival among the 3 MR grade groups (log-rank = 1.669, P = .43). Progression-free survival was different among the 3 MR
grades (log-rank = 25.889, P < .001), with grade Ill tumors being associated with shorter progression-free survival than grade | (log-rank = 18.561,

P < .001) and grade Il (log-rank = 12.668, P << .001) tumors.

AJNR Am J Neuroradiol 38120611 Jun 2017 www.ajnr.org 1207



apy) had been attempted, and 3) there was availability of MR
images before the operation (including T1 FLAIR, T2, and en-
hanced T1 FLAIR sequences). The exclusion criteria were lack of a
complete MR imaging examination before treatment and the
presence of other significant diseases that might affect survival.

Clinical Analysis

Demographic information for patients was obtained from medi-
cal records. The data included surgical approaches, tumor blood
supply, tumor consistency, intraoperative blood loss, and postop-
erative radiation therapy. The tumor blood supply was classified
as either abundant or poor. Tumor consistency was recorded as
either soft or hard (the latter included heterogeneous tumors with
both soft and hard components). We followed patients in clinics
or by telephone. Patients who were lost to follow-up were not
included in the subsequent regression analyses. Tumor progres-
sion stands for tumor growth after operation.

Histopathologic Analysis

All histologic specimens were examined by 2 experienced pathol-
ogists with >10 years’ experience in chordoma analysis. Accord-
ing to the International Agency for Research on Cancer, the le-
sions include conventional, chondroid, and dedifferentiated
types.'””> No dedifferentiated chordomas were found; thus, the
group included only conventional and chondroid chordomas.

MR Imaging Protocol

MR imaging examinations were performed by using a 3T Magne-
tom Tim Trio scanner (Siemens, Erlangen, Germany). T1 FLAIR,
T2, and enhanced T1 FLAIR sequences were included in each
patient’s images. The TR/TE range was 1850-2500/9.4-19.8 ms
for the T1 FLAIR sequence and 4500—6000/84-97 ms for the T2
sequence. Gadopentetate dimeglumine was injected at a concen-
tration of 0.2 mL/kg (0.5 mol/L). Scanning was performed 2 min-
utes after the injection. The TR/TE ranges for the enhanced T1
FLAIR sequence were 1850-2500/9.4-19.8 ms. All MR imaging
data were analyzed in the PACS.

MR Imaging Analysis

All MR imaging data were evaluated by 2 radiologists. MR image
quality was evaluated first. For diagnosis, all tumor images were
free of significant artifacts. The maximum diameters of the tu-
mors in 3 perpendicular dimensions were measured, and the larg-
est value was recorded as the “largest diameter.” Categories were de-
fined as follows: morphology, with and without lobulation; location,
occipitocervical and other types; and resection degree, aggressive
(>90%) and nonaggressive (=<90%) resection.

Finally, tumor SI was measured in the PACS. Because image
noise and other conditions might affect the SI in MR images,
normalization was performed by selecting an area as a control.
The pons was selected as our control. The SI of a small region
in the pons was measured in each patient, and SI values of
T1 FLAIR, T2, and enhanced T1 FLAIR sequences were ob-
tained separately. The average tumor SI (S pram Stra> and
SLiumor enhance [Sten]) and the pons SI (Spr; pram Sere
STpons enhance [Spen]) was calculated. Average ST ratios of tumor to

pons (R pram> Rra Ratio [Ren]) were then calculated,

enhance
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Table 1: Continuous variables for patients with SBC*

Minimum Maximum Mean Median SD

Age (y) 5 67 3638 38 14.64
Largest diameter (mm) 15 86 4204 42 1275
Blood loss (mL) 100 5500 89712 700  730.27
R-ﬂb 0nm 199 0.57 054 023
R,” 110 410 244 240 054
Ren 021 224 101 101 040

2 Values of minimum and maximum are raw data.
Ry, Ry, and Reyy were calculated according to the formula in the text.

and Ry ppamrs Rps and Ry were used as the ST ratios of the tumor
to the pons in the T1 FLAIR, T2, and enhanced T1 FLAIR se-
quences, respectively. We used the following formulas:

RTI FLAIR = STTI FLAIR/SPTI FLAIR

Ry = SppafSpra

Rin = Sten/Spene

Statistical Analysis

Statistical analyses were performed by using SPSS software (SPSS
Statistics 20.0; IBM, Armonk, New York). The effects of Ry} iy arr>
Ry, and Ry on overall survival (OS) and progression-free sur-
vival (PFS) were analyzed with the Cox model. Significant vari-
ables were then selected to establish the SBC MR imaging grading
system. Receiver operating characteristic analysis was used to set
cutoff values.

Rank sum and ¢ tests were used in the analysis of the distribu-
tions of continuous variables among different MR imaging sub-
groups. A x test was used in analyzing the distributions of cate-
goric variables among different MR imaging subtypes. The
Kaplan-Meier test was used in assessing OS and PFS among dif-
ferent MR imaging groups. In the OS and PFS analysis, all factors
were first included in univariate analysis separately; then, multi-
variate analysis was conducted with the inclusion criterion of 0.1.
A P value < .05 indicated statistical significance.

RESULTS

Of the 242 patients with SBC, 183 individuals underwent a pri-
mary operation. For 21 of these patients, pretreatment MR images
were not available. For the remaining 162 patients, enhanced T1
FLAIR sequences were not available for 3 patients, and the MR
images of another 3 patients were unobtainable for review. There-
fore, 156 patients were included in the final analysis.

There were 63 females and 93 males (1:1.5), and the patients’
ages ranged from 5 to 67 years (median, 38 = 14.6 years). No
significant differences in age were found between sexes (P = .18).
The median follow-up time was 42 months (range, 3-122
months); 3 patients were lost to follow-up, and 17 patients died
(mortality rate of 11.1%). One died of a brain stem ischemic in-
farction, 2 died of tumor apoplexy, and the remaining 14 died
from complications caused by tumor recurrence. Sixty-five
(42.5%) patients experienced tumor progression. Other variables
are listed in Tables 1 and 2.

Univariate Cox regression analysis indicated that decreased
Ry, (hazard ratio = 0.332; 95% CI, 0.201-0.548; P < .001) and
increased Ry (hazard ratio = 1.836; 95% CI, 1.032-3.264; P =
.04) were significant adverse variables for PFS. Therefore, Ry, and
Ry values were included in the MR imaging classification. Accord-
ing to receiver operating characteristic analysis, the cutoff value for



Table 2: Categoric variables for patients with SBC®

No.of Lostto Survival Progression
Patients Follow-Up Survival Death Y N

Sex

Female 62 1 56 6 25 37

Male 91 2 80 1 40 51
Location

OocC 26 0 23 3 15 1l

Other 127 3 n3 14 50 77
Lobulation

Y 79 1 70 9 38 41

N 74 2 66 8 27 47
Approach

Cranial 129 3 n4 15 51 78

Nasal 24 0 22 2 14 10
Blood supply

Abundant 83 2 72 1l 45 38

Poor 70 1 64 6 20 50
Texture

Soft 73 2 62 1l 25 48

Hard 80 1 74 6 40 40
Resection grade

>90% ns5 3 103 12 45 70

=90% 38 0 33 5 20 18
Histopathology

Conventional 94 1 80 14 46 48

Chondroid 59 2 56 3 19 40
Postradiotherapy

Y 15 0 13 2 5 10

N 138 3 123 15 60 78
Total 153 3 136 17 65 88

Note:—OC indicates occipitocervical; Y, yes; N, no.
# Number of patients is raw data.

Ry, was 2.49, and it was 0.77 for Ryy. The following classification
grades were established: MR grade I, Ry, > 2.49 and R;;, = 0.77; MR
grade IT, Ry, > 2.49 and Ry, > 0.77, or Ry, = 2.49 and R, < 0.77;
and MR grade I1I, Ry, =< 2.49 and Ry, > 0.77.

Analysis of the distributions of SBC characteristics among the
different MR grades showed that MR grade III tumors had more
abundant blood supply than MR grade I tumors (P < .001), as
well as greater intraoperative blood loss (800 versus 500 mL, P =
.002). The distribution of SBC pathologic types among the differ-
ent MR grades was not significantly different (P = .56) (Table 3).

Kaplan-Meier analysis of OS showed no significant differences
among the different MR grades (Fig 2, left). However, in Kaplan-
Meier analysis of tumor progression, MR grade III tumors were
associated with shorter PFS than MR grade I (P <.001) and MR
grade II tumors (P < .001) (Fig 2, right). Univariate analysis re-
vealed that tumor blood supply, resection grade, tumor consistency,
histopathology, tumor location, surgical approaches, and MR grades
were potentially significant risk factors for tumor progression (P <
.001). After including the above variables in multivariate analysis,
tumor blood supply, resection grade, tumor consistency, histopa-
thology, and MR grade were independent variables for PFS and the
risk of SBC progression increased by 2.071 times for every single MR
grade increase (95% CI: 1.376-3.118, P < .001) (Fig 3).

DISCUSSION

In this retrospective study, the MR SI of patients with SBC was
incorporated into statistical analyses, and SBCs were classified
into 3 MR grades according to R, and Ry values. It was found

Table 3: The distributions of variables of patients with SBC in
different MR imaging grades

Gradel Gradell Gradelll P Value
Age (yr) 28° 392 40° 06°
Largest diameter (mm) 452 372 43? .08°
Blood loss (mL) 500° 8007 800° .002°¢
Sex A45¢
Female 14 25 24
Male 19 29 45
Location 79¢
OocC 7 8 n
Other 26 46 58
Lobulation A42¢
Y 17 24 39
N 16 30 30
Blood supply .000%¢
Abundant 9 28 48
Poor 24 26 21
Texture .05¢
Soft 22 24 29
Hard n 30 40
Resection grade 43¢
>90% 25 44 49
=90% 8 10 20
Histopathology 56°
Conventional 22 30 43
Chondroid n 24 26
Postradiotherapy 39¢
Y 4 7 4
N 29 47 65

Note:—OC indicates occipitocervical; Y, yes; N, no.
@ Median value.

b Variance analysis (Student—Newman-Keuls).

€ Wilcoxon rank sum test.

dp < 05

X’ test.

that MR grade IIT tumors had more abundant blood supply than
MR grade I tumors. Furthermore, the risk of SBC progression
increased by 2.071 times for every single MR grade increase in the
MR classification system.

MR imaging is useful not only for diagnosing disease but also
in predicting prognosis and tumor classification. The MR SI and
SI ratio of a lesion have been considered important indicators in
many studies.'®*' However, chordomas show substantial heter-
ogeneity on MR images, and MR imaging has previously been
used only to aid in the diagnosis of SBC. No previous studies have
reported the relationships between MR imaging features and SBC
outcomes.

In the present study, tumor and pons signal intensities were
measured in the PACS with a straightforward measurement pro-
cess that ensures the acquisition of accurate data.”> We calculated
Ry prame R and Ry values to represent the tumor SI in each
sequence while eliminating confounding factors caused by MR
imaging conditions among different patients. Although there was
no evidence that the MR signal ratio is a risk factor for mortality in
statistical analysis, our results showed that a higher R+, value pre-
dicted diminished tumor progression and that a higher Ry value
predicted more rapid tumor progression. We therefore estab-
lished MR grades on the basis of these values. Multivariate analy-
sis of tumor progression indicated that MR grade was a significant
risk factor and that the risk of SBC progression increased as the
MR grade increased.

AJNR Am J Neuroradiol 38120611 Jun 2017 www.ajnr.org 1209



Variables

Univariate analysis

MR grade

Age

Largest diameter

Blood loss

Gender (male vs. female)

Location (OC vs. other)

Lobulation (Y vs.N)

Approach (endonasal vs. transcranial)
Blood supply (poor vs. abundant)
Texture (hard vs. soft)

Resection grade (£90% vs. > 90%)
Histopathology (CO vs.CH)
Post-radiotherapy (Nvs. Y)

Multivariate analysis

MR grade

Location (OC vs. other)

Approach (endonasal vs. transcranial)
Blood supply (poor vs. abundant)
Texture (hard vs. soft)

Resection grade (£90% vs. > 90%)
Histopathology (CO vs.CH)

HR (95% CI)

1.706 (1.238, 2.353)
1.004 (0.988, 1.021)
1.015 (0.997, 1.034)
1.000 (1.000, 1.001)
1.046 (0.632, 1.730)
0.557 (0.312, 0.995)
0.745 (0.455, 1.222)
0.502 (0.276, 0.914)
0.417 (0.245, 0.707)
1.646 (0.998, 2.714)
1.926 (1.129, 3.285)
0.494 (0.289. 0.845)
0.607 (0.244. 1.514)

—— 2.071 (1.376, 3.118)

0.685 (0.368, 1.273)
0.719 (0.376, 1.375)
0.564 (0.324. 0.980)
1.573 (0.937, 2.641)
1.803 (1.045, 3.112)
0.488 (0.285, 0.838)

P with those in prior studies. However, SBC
pathologic type is not significantly associ-
0.001 ated with MR grade. Indeed, MR SI did
0.605 not differ between chondroid and con-
8 % é ; ventional SBCs, and no other studies have
0.861 reported differences in MR imaging fea-
83‘212 tures between different SBC pathologic
0.024 types. This finding may be because differ-
0.001 ences in histopathologic levels are not
88?% necessarily reflected in imaging modali-
0.010 ties. These results need to be confirmed in
0.284 additional studies.
We enrolled 156 patients with primary
0.000 SBC in this study, and to the best of our
8%% knowledge, this represents the largest pri-
0.042 mary SBC single-center study. The single-
88§Z center source avoided the heterogeneity
0.009 occasionally encountered in multicenter

studies. Additionally, we demonstrated

0 1

FIG 3. Univariate and multivariate Cox regression models for tumor progression risk. The black
dots indicate odds ratio, and the horizontal line represents 95% confidence intervals. N indi-
cates no; Y, yes; OC, occipitocervical; CO, conventional; CH, chondroid; HR, hazard ratio.

Chordomas can be classified into conventional, chondroid,
and dedifferentiated types based on histopathologic manifesta-
tions. Conventional chordoma is the most common type, and
chondroid and dedifferentiated chordomas exhibit the most fa-
vorable and worst outcomes, respectively.”*>** Our results are
consistent with those in previous reports. Although pathologic
confirmation is the criterion standard for the diagnosis of SBC
and pathologic type is an independent variable in the PFS analysis,
the MR grading method for SBC was more useful for predicting
the prognosis of patients with SBC. This usefulness derived
from the following: First, there was a relatively uniform distribu-
tion of the 3 MR grades of SBC; second, the MR grade can be
immediately determined after an initial MR imaging examina-
tion, which is far earlier than a pathologic diagnosis; and third, the
grading process is simple because the measurement of SI and the
following calculation are both straightforward. This feature
makes this technique more accessible to neurosurgeons and
radiologists.

Prior studies have discussed the association between MR SI
and lesion blood supply.*® They found that tumors with an abun-
dant blood supply have lower Ry, values. We produced similar
results in the present study, showing that MR grade IIT tumors
(low R, and high Ryy) had a more abundant blood supply than
MR grade I tumors (high R, and low Ryy) and that the former
are associated with greater intraoperative blood loss than the lat-
ter. This finding is useful for preoperative evaluations of tumor
blood supply and is of great significance for clinical practice. Prior
knowledge of this factor may alter therapy, such as in preparing
adequate quantities of blood, altering a planned operative ap-
proach, and in anticipating other measures for potentially signif-
icant hemorrhage.

In the present study, chondroid SBCs were associated with a
longer PFS than conventional SBCs, and this finding is consistent

1210 Tian Jun 2017  www.ajnr.org

the utility of MR SI ratios for SBC grading
and confirmed the validity of our MR
grading system. We also have demon-
strated that the simple ratio of the tumor
to the pons allows easy determination of
SBC MR grade. This grading system can
be widely used. Additionally, the system was useful for predicting
the progression of SBC in early tumor stages. Finally, these ratios
can also be used to evaluate tumor blood supply, which is of ther-
apeutic significance.

There were limitations to the current study. First, the relatively
short follow-up was not sufficient for analyzing long-term out-
comes; accordingly, the incidence of terminal events was rela-
tively low for the OS and PFS. Second, the patients were grouped
on the basis of retrospective assessments; therefore, further pro-
spective studies are needed to validate the effectiveness of the
grading system.

CONCLUSIONS

The tumor-to-pons SI ratio is of diagnostic and potential thera-
peutic significance for patients with SBC. A higher R, value pre-
dicted slow tumor progression, whereas a higher Ry, value was a
risk factor for tumor progression. A grading system based on R,
and Ry, was useful for predicting tumor blood supply and SBC
progression. MR grade III tumors have a more abundant blood
supply than MR grade I tumors, and the risk of SBC progression
increases with each MR grade increase.
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