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Rationale and Objectives: The purpose of this study was to explore conventional MRI features that can accurately differentiate central
nervous system embryonal tumor, not otherwise specified (CNS ETNOS) from glioblastoma (GBM) in adults.

Materials and Methods: Preoperative conventional MRI images of 30 CNS ETNOS and 98 GBMs were analyzed by neuroradiologists ret-
rospectively to identify valuable MRI features. Five blinded neuroradiologists independently reviewed all these MRI images, and scored
MRI features on a five-point scale. Kendall’s coefficient of concordance was used to measure inter-rater agreement. Diagnostic value was
assessed by the area under the curve (AUC) of receiver operating curve, and sensitivity and specificity were also calculated.

Results: Seven MRI features, including isointensity on T1WI, T2WI, and FLAIR, ill-defined margin, severe peritumoral edema, ring
enhancement, and broad-based attachment sign, were helpful for the differential diagnosis of these two entities. Among these features,
ring enhancement showed the highest inter-rater concordance (0.80). Ring enhancement showed the highest AUC value (0.79), followed
by severe peritumoral edema (0.67). The combination of seven features showed the highest AUC value (0.86), followed by that of three fea-
tures (ill-defined margin, severe peritumoral edema, and ring enhancement) (0.83).

Conclusion: Enhancement pattern, peritumoral edema, and margin are valuable for the discrimination between CNS ETNOS and GBM in

adults.
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INTRODUCTION

entral nervous system embryonal tumor, not other-
wise specified (CNS ETNOS) is a new naming
based on the 2016 WHO classification of tumors of
the CNS (1). It is composed of poorly differentiated neuroepi-
thelial cells with the potential of multilineage differentiation,
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without molecular genetic variation characteristics of other
CNS tumors (2,3). One of the outstanding features of the
malignant character of CNS ETNOS is its high propensity to
remote dissemination via the cerebrospinal fluid (CSF) path-
ways and even systemic dissemination, such as to the lungs, liv-
ers, bone marrow, and lymph nodes (4). Clinically, an MRI
examination of the spinal canal and examination of CSF cytol-
ogy should be performed when a CNS ETNOS tumor is sus-
pected (5—7). Moreover, postoperative radiotherapy should
include the entire neuroaxis for the prevention of spinal seed-
ing (8). Also, aggressive chemotherapy such as intrathecal che-
motherapy following radical resection is recommended (7,9).
Unfortunately, the prognosis for CNS ETNOS is generally
poor, and overall survival rarely extends beyond 24 months in
spite of therapy with surgery, radiotherapy and chemotherapy
(8). Therefore, accurate preoperative identification of CNS
ETNOS has important implications for patient management
and treatment planning (9,10).

MRUI is the preferred technique for the evaluation of intra-
cranial tumors. However, it is very difficult to accurately
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differentiate CNS ETNOS from glioblastoma (GBM) using
biomarkers derived from functional MRI. Both tumors are
hypercellular histologically and demonstrate limited diffusion
on DWI images (11,12). Also, both of them have rich blood
supply and increased vascular permeability, leading to similar
rCBV values measured on dynamic susceptibility contrast
perfusion weighted imaging (DSC-PWI) and K™ values on
dynamic contrast enhancement perfusion weighted imaging
(13). Furthermore, as shown in a study with MR spectroscopy,
neither choline nor N-acetyl-aspartate concentration could
make the distinction between them (14). A few researchers
claimed that the Taurine concentration was a useful discrimina-
tor between CNS ETNOS and GBM (15,16). However, this
metabolite is not commonly used and the related post-process-
ing is complex, which greatly hinders its clinical application.
Interestingly, compared with these functional MRI techniques,
conventional MRI seems to be more valuable in the differential
diagnosis between these two types of tumors. Some MRI fea-
tures have been reported to be characteristic for them, such as
signal intensity of T1WI, T2WI and FLAIR, border and peri-
tumoral edema (7,13,17,18). However, all these signs are prone
to subjectivity and inter-observer variability. To the best of our
knowledge, the diagnostic values of these conventional MRI
features have not been systematically analyzed.

The present study investigated the diagnostic value of all of
these features individually or in combinations for differentia-
tion between CNS ETNOS and GBM through the receiver
operating curve (ROC) analysis.

MATERIALS AND METHODS
Patients

The study was approved by the institutional research ethics
commiittee of Nanfang Hospital, Southern Medical University,
and the written informed consent was waived due to the retro-
spective nature of our study. We used the picture archiving and
communication system (PACS) program to search our radiol-
ogy database from January 2011 to December 2019 to obtain
MRI data of CNS ETNOS and GBMs. Thirty one patients
with ETNOS and the first 100 consecutive patients with GBM
were enrolled into the study according to the following includ-
ing criteria: (1) available pretreatment brain MRI; (2) final diag-
nosis confirmed by surgery and histopathologic examinations.
The diagnosis of all these tumors was established based on the
2016 WHO dlassification of tumors of the CNS. Three cases
were excluded for motion artifacts. Eventually, 128 cases of
tumors were included in this study, including 30 cases of CNS
ETNOS (16 females; age range 19—69 years; average age 40.00
£ 14.17 years) and 98 cases of GBMs (38 females; age range
21—78 years; average age 52.80 £ 14.13 years).

MRI Parameters

Patients were examined on 3.0T MRI scanners (Signa Excite,
GE, USA; Achieva, Philips, The Netherlands) with the use of

a head coil. All of the 128 patients underwent MRI protocols
comprised of axial TIWI, T2WI, FLAIR, DWI and axial,
sagittal and coronal contrast-enhanced T1WI. The imaging
parameters are summarized in supplementary materials (see
Supplementary Table 1). For all patients, contrast agent
(Omniscan TM, GE Healthcare, Ireland; Gadopentetate
dimeglumine, Consun, Guangzhou, China) was intrave-
nously bolus injected via a power injector with a flow rate of
2.0—2.5 mL/s at a dose of 0.2 mmol/kg of body weight, fol-
lowed by a 20 mL bolus of saline with the same injection
rate. The clinical data, including demographic information,
duration of symptoms, cerebrospinal fluid dissemination,
treatment, follow-up time, and prognosis, were recorded and
evaluated.

Image Analysis

The conventional MRI features, including location (cortex
and subcortex, deep white matter), margin (well-defined, ill-
defined), TIWI, T2WI, FLAIR and DWTI signal relative to
the gray matter (hypointensity, isointensity, hyperintensity),
enhancement pattern (ring enhancement, other enhancement
patterns), cystic change or necrosis, flow void sign, intratu-
moral hemorrhage, broad-based attachment sign, peritumoral
edema (mild or moderate, severe) and tumor volume, were
evaluated and compiled by two radiologists (Xiang Xiao and
Xian Liu, with 5 and 10 years of experience, respectively) in
a blind manner. Discrepancies were resolved in consensus
during a joint evaluation with a third radiologist (Yuan-Kui
Wu, with 20 years of experience). Another expert radiologist
(Xiang-Liang Tan, with 15 years of experience) diagnosed all
cases as CNS ETNOS or GBM in a blinded way.

These MRI features showing significant difference
between CNS ETNOS and GBM were introduced to five
radiologists (Li-Ying Han, Liu-Ji Guo, and Xiao-Min Liu,
each with 5 years of experience; Xiao-Dan Li, with 8 years of
experience; Wen-Le He, with 10 years of experience). These
radiologists, blinded to histopathological diagnoses, indepen-
dently recorded the confidence level of the presence of every
single feature in each case of tumor using a 5-point scale:
1 = definitely not present; present;
3 = equivocal; 4 = probably present; 5 = definitely present.
The window width, window level and zoom of images were
adjusted through the tools included in the PACS program as
needed.

2 = probably not

Statistical Analysis

First, continuous variables are presented as mean = standard
error, and differences between variables were analyzed using
independent-samples ¢ test. Differences in categorical varia-
bles were analyzed using the x° or Fisher’s exact tests, as
appropriate. Second, Kendall’s coefficient of concordance
(W) was used to measure inter-rater agreement, with W
>0.21 representing fair, W >0.41 moderate, W >0.61 sub-
stantial, and W >0.81 almost perfect concordances (19).
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Third, ROC curve analysis was performed to assess the diag-
nostic performance of MRI feature individual or in combina-
tions, as well as that of the expert radiologist, with CNS
ETNOS cases scored as 1, while GBM cases were marked as
0 according to the gold standard served by pathological diag-
nosis. Areas under the curves (AUCs), sensitivities and specif-
icities of each MRI feature were calculated. Fourth, four
separate multivariate logistic regression analyses were con-
ducted based on different predictor selection methods,
including all MRI features, features with W >0.61, features
with W >0.61 selected by forward method, and features jus-
tified by experts. All the statistical analyses above were per-
formed using SPSS software (Version 20.0). Finally, the
comparison between every two AUCs was made by the non-
parametric approach of Delong & Clarke-Pearson conducted
in MedCalc software (Version 15.2.2). The Benjamini-
Hochberg method was used to control the false discovery
rate (FDR) of multiple comparisons. The difference was con-
sidered statistically significant if p < 0.05.

RESULTS
Clinical Features

The clinical characteristics of CNS ETNOS and GBM are
summarized in Table 1. CNS ETNOS patients had more
cerebrospinal fluid dissemination than did GBM patients
(p< 0.05). The overall survival time of CNS ETNOS was
much shorter than that of GBM (p< 0.05).

Conventional MRI Features

MRI findings of CNS ETNOS and GBM are summarized in
Table 2. Seven MRI features were significantly different

TABLE 1. Clinical Findings of CNS ETNOS and GBM

between the two groups (p < 0.05). DWI did not have
enough power for the discrimination between them. Gener-
ally, GBM showed ill-defined margin, severe peritumoral
edema, and ring enhancement. In contrast, CNS ETNOS
showed well-defined border, minimal peritumoral edema
and isointensity on T1WI, T2WI and FLAIR, as well as
broad-based attachment sign. Representative cases of the
MRI features, which contributed greatly to the accurate dif-
ferential diagnosis between GBM and CNS ETNOS, are
shown in Figures 1—3.

Inter-rater Agreement for Each MRI Feature

Supplemental Table 2 summarizes the W values of these
seven MRUI features. Ring enhancement showed the high-
est inter-rater concordance (0.80), with the same level of
concordance as ill-defined margin (0.70), severe peritu-
moral edema (0.76), and broad-based attachment sign
(0.67). A moderate inter-rater agreement was recorded for
isointensity on T1WI (0.55), T2WI (0.55), and FLAIR
(0.59).

Diagnostic Performance of the MRI Features Individually
or in Combination

The AUC values of these seven features were all above 0.5,
with ring enhancement being the highest (0.79), followed by
severe peritumoral edema (0.67) (Table 3, Fig 4a; the results
of all ratings are shown in Supplementary Table 3). Ring
enhancement also presented the maximum sensitivity (74%),
followed by severe peritumoral edema (61%). Isointensity on
T1WI had the highest specificity (82%), followed by ring
enhancement (75%).

Variable CNS ETNOS (30) GBM (98) p Value
No. % No. %
Sex
Female 16 53.3 38 38.8 0.158
Male 14 46.7 60 61.2
Age (Y) 40.00 +14.17 (19 ~ 69) 52.80 +14.13 (21 ~ 78) 0.001
Onset time (M) 1.20 +1.18 (0.03—4) 1.50 + 1.44 (0.03-6) 0.530
CSF dissemination 5 16.7 0 0 0.001
Treatment
Resection 30 100 96 98 1
Radiotherapy 30 100 93 94.9 0.590
Chemotherapy 29 96.7 95 96.9 1
Follow-up time (M) 15.30 + 10.96 (3—36) 17.86 + 12.55 (4—48) 0.317
Outcome
Recurrence 20 66.7 63 64.3 0.811
PFS (M) 6.45 + 2.80 (2—11) 7.94 + 3.23 (3—15) 0.068
Death 24 80 77 78.6 0.867
oS (M) 10.13 +3.44 (3—-16) 12.27 +£4.76 (4—23) 0.019

CNS ETNOS, Central nervous system embryonal tumor, not otherwise specified; CSF, cerebrospinal fluid; GBM, glioblastoma; M, month;

OS, overall survival; PFS, progression free survival; Y, year.
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TABLE 2. MRI Findings of CNS ETNOS and GBM in Adults

MRI Findings CNSENOS (30) GBM(98) p Value
No. %  No. %
Location
Cortex and 17 56.7 41 41.8 0.153
subcortex
Deep white matter 13 43.3 57 58.2
Margin
Well-defined 22 73.3 26 26.5 0.000
lll-defined 8 26.7 72 73.5
T1WI
Hypointensity 16 53.3 89 90.8 0.000
Isointensity 14 46.7 9 9.2
T2WI
Isointensity 12 40 5 5.1 0.000
Hyperintensity 18 60 93 94.9
FLAIR
Isointensity 18 60 6 6.1 0.000
Hyperintensity 12 40 92 93.9
DWI
Isointensity 2 6.7 3 3.1 0.334
Hyperintensity 28 93.3 95 96.9
Enhancement
Ring enhancement 7 23.3 68 69.4 0.000
Other enhancement 23 76.7 30 30.6
patterns
Cystic change or 24 80 87 88.8 0.228
necrosis
Flow void sign 10 333 23 23.5 0.280
Intratumoral 5 16.7 26 26.5 0.270
hemorrhage
Broad-based attach- 15 50 22 22.4 0.004
ment sign
Peritumoral edema
Mild or Moderate 24 80 35 35.7 0.000
Severe 6 20 63 64.3

Tumor volume (cm®  106.66 + 60.20 76.84 & 80.11 0.197

CNS ETNOS, Central nervous system embryonal tumor, not other-
wise specified; GBM, glioblastoma; MRI, magnetic resonance imaging.

Among different combinations of these MRI features, the
combination of all features (Comb_7) showed the highest
AUC value (0.86), followed by that of four features
(Comb_4: ill-defined margin, severe peritumoral edema, ring
enhancement and broad-based attachment sign, 0.83), that of
three features (Comb_3: ill-defined margin, severe peritu-
moral edema and ring enhancement, 0.83) and that of two
features (Comb_2: ill-defined margin and ring enhancement,
0.82) (Table 4, Fig 4b).

Comparison of the AUC values for all pairs is summa-
rized in Supplemental Table 4. Comb_7 showed the best
diagnostic performance (p< 0.05). Comb_4, Comb_3 and
Comb_2 did not show significant difference between them
but were higher than the expert radiologist (p< 0.05) and
all single MRI features (p< 0.05). Ring enhancement
showed the highest performance among all single MRI fea-
tures (p< 0.001).

DISCUSSION

The accurate differential diagnosis between CNS ETNOS
and GBM in adults is of great importance clinically. The pres-
ent study found that CNS ETNOS diftered from GBM in
terms of the enhancement pattern, peritumoral edema, bor-
der, broad-based attachment sign, and signal intensities on
conventional MRI images.

Many scholars attempted to explore the specific pattern of
enhancement for CNS ETNOS (7,20,21), and claimed that
both GBMs and CNS ETNOS showed inhomogeneous
marked enhancement. Indeed, the majority cases of CNS
ETNOS in our study presented heterogeneous significant
enhancement, which was consistent with the identity of
highly malignant tumor. However, researchers seemed to
have ignored the fact that ring enhancement is a common
sign for GBMs. We rarely encounter with CNS ETNOS
showing ring enhancement in our clinical practice. In the
present study, this sign showed the highest inter-rater concor-
dance, AUC value, and sensitivity among all seven conven-
tional MRUI features. Also, its specificity was second only to
that of isointensity on T1WI. Given the low inter-rater con-
cordance of isointensity on T1WI, ring enhancement sign
should be the most valuable feature for the differential diag-
nosis between them. Nevertheless, the exact pathological
mechanism of this phenomenon is not clear yet. In our opin-
ion, this is likely because CNS ETNOS is readily closer to
the surface of the cerebrum and thus may have richer blood
supply, in contrast to GBM that commonly originates from
deep white matter (22). However, both tumors showed simi-
lar hemodynamic characteristics such as blood vessel leakiness
and blood volume (13). Therefore, the homeostasis of the
microvasculature of these two types of tumors needs to be
further investigated (23).

Many studies showed that CNS ETNOS tends to have a
clear boundary (7,13,14,20,21,24). In contrast, GBMs nearly
always show ill-defined borders (17). It was reported that the
tumor cells of CNS ETNOS generally demonstrate an expan-
sive pattern of growth (13). In contrast, GBMs are biologically
characterized by an invasive growth along the white-matter
tracts and perivascular space (25). However, the inter-rater
concordance and AUC value of the sign of ill-defined margin
were lower than we had anticipated. This may be explained by
the fact that CNS ETNOS tends to show similar intensities to
gray matter and invade cortex and subcortical regions, which
would have affected the evaluation of the border between the
tumor and its surroundings in the study. Therefore, redefini-
tion of this sign might improve the diagnostic performance,
which needs to be clarified in future studies.

CNS ETNOS often shows no or mild peritumoral edema
(13,20,21,24). In contrast, GBM is often associated with
severe peritumoral edema (18). In the present study, severe
peritumoral edema exhibited the second highest inter-rater
concordance and AUC value. It should be noted that the
degree of peritumoral edema can be quantified as mild, mod-
erate and severe using certain criteria (26). Whereas, it is
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Figure 1. Representative case of GBM. A 57-year-old man with GBM in the right parietal lobe. The tumor shows ill-defined border and severe
peritumoral edema (arrowheads) on axial T1WI (a), T2WI (b) and FLAIR (c) images, and ring enhancement on axial (d) and coronal (e) contrast-
enhanced T1-weighted images. Hematoxylin-Eosin staining showing mitotic figures (f, x 200). GBM, glioblastoma.
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Figure 2. Representative case of CNS ETNOS. A 36-year-old man with CNS ETNOS in the left parietal lobe. The tumor shows well-defined
border, cystic changes, necrosis, hemorrhage and mild peritumoral edema (arrows) on axial T1WI (a), T2WI (b) and FLAIR (c) images, and
shows inhomogeneous, marked enhancement and broad-based attachment sign (arrowheads) on axial (d) and coronal (e) contrast-enhanced
T1-weighted images. Hematoxylin-Eosin staining showing Homer-Wright pseudorosettes structure (f, x 200). CNS ETNOS, Central nervous

system embryonal tumor, not otherwise specified.
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Figure 3. Comparison of TIWI, T2WI and FLAIR signal of GBM and CNS ETNOS. (a-c) A 58-year-old woman with GBM in the right parietal
lobe. The solid part (arrowheads) of the tumor shows hypointensity on axial T1WI (a) images and hyperintensity on axial T2WI (b) and FLAIR (c)
images. (d-f) A 19-year-old woman with ETNOS in the left frontotemporal lobe. The solid part (arrows) of the tumor shows isointensity on axial
T1WI (d), T2WI (e), and FLAIR (f) images. CNS ETNOS, Central nervous system embryonal tumor, not otherwise specified; GBM, glioblastoma.

TABLE 3. AUC, Sensitivity and Specificity of Seven MRI Features for Differentiation Between CNS ETNOS and GBM in Adults

Sign Observer Mean
1 2 3 4 5
Isointensity on T1WI AUC 0.57 0.56 0.66 0.64 0.59 0.58
Sensitivity 45% 25% 45% 80% 45% 33%
Specificity 74% 86% 88% 44% 73% 82%
Isointensity on T2WI AUC 0.62 0.54 0.75 0.63 0.60 0.61
Sensitivity 35% 65% 75% 75% 65% 57%
Specificity 86% 50% 72% 44% 54% 61%
Isointensity on FLAIR AUC 0.61 0.51 0.64 0.64 0.63 0.60
Sensitivity 75% 95% 55% 80% 60% 56%
Specificity 42% 9% 74% 44% 63% 63%
lll-defined margin AUC 0.61 0.68 0.64 0.57 0.62 0.62
Sensitivity 55% 90% 40% 85% 65% 55%
Specificity 62% 45% 92% 27% 54% 61%
Severe peritumoral edema AUC 0.69 0.73 0.73 0.60 0.69 0.67
Sensitivity 80% 65% 65% 35% 60% 61%
Specificity 54% 7% 79% 85% 70% 70%
Ring enhancement AUC 0.81 0.80 0.86 0.80 0.75 0.79
Sensitivity 90% 85% 100% 75% 55% 74%
Specificity 63% 64% 64% 83% 90% 75%
Broad-based attachment sign AUC 0.56 0.53 0.57 0.53 0.54 0.55
Sensitivity 25% 70% 65% 75% 20% 53%
Specificity 95% 38% 55% 39% 89% 57%

AUC, area under the curve; CNS ETNOS, Central nervous system embryonal tumor, not otherwise specified; GBM, glioblastoma; MRI, mag-
netic resonance imaging.



Academic Radiology, Vol l, No l I, Il 2021 CONVENTIONAL MRI FEATURES OF CNS ETNOS

1.0 1.0
D yd

o
[=
1
-
N
N

0.6
<y &
E| g
1 7 Y
& =
@ 3 / e
0.4 04 s/
Iso_T1WI i 7
—Iso_T2WI [ p
Iso_FLAIR i 2 — gomz_;/
—_— 7 i omb_:
ISI;IE 0.2 P)J ’ —— Comb_3
P 4
Comb_2
- g —— Radiologist
BAS 4 gis
P
T T T 0.0 T T T T
0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10
1 - Specificity 1 - Specificity

Figure 4. Composite ROC curves of conventional MRI features. a, ROC curves of seven individual MRI features. Ring enhancement shows
the highest AUC (0.79), followed by severe peritumoral edema (0.67). Isointensity on T2WI, isointensity on FLAIR, and ill-defined margin exhibit
similar AUC values, which are larger than those of isointensity on T1WI and broad-based attachment sign. b, ROC curves of MRI features in
combinations. The combination of seven features shows the highest AUC value (0.86). The combinations of four features, three features and
two features exhibit similar AUC values (0.83, 0.83, and 0.82, respectively). The radiologist shows the lowest AUC value (0.73). Iso_T1WI, isoin-
tensity on T1WI; Iso_T2WI, isointensity on T2WI; Iso_FLAIR, isointensity on FLAIR; IM, ill-defined margin; SPE, severe peritumoral edema; RE,
ring enhancement; BAS, broad-based attachment sign; Comb_7, combination of seven features; Comb_4, combination of ill-defined margin,
severe peritumoral edema, ring enhancement and broad-based attachment sign; Comb_3, combination of ill-defined margin, severe peritu-
moral edema and ring enhancement; Comb_2, combination of ill-defined margin and ring enhancement. AUC, area under the curve; MRI, mag-

netic resonance imaging; ROC, receiver operating curve.

rather common to subjectively assess the degree of peritu-
moral edema in clinical practice. We evaluated the presence
of severe peritumoral edema based on a five-point scale in
order to be in line with other MRI features addressed in the
present study.

The broad-based attachment sign showed a low sensitivity
and specificity in this study. In general, GBM has a lower
chance to develop this sign owing to its origin in deep white
matter. Whereas, 33 cases of GBMs in this study were very
large, with a diameter >5.0 cm, and abutted on the brain sur-
face. On the other hand, 13 cases of CNS ETNOS were
located near the midline and thus did not present with the
broad-based attachment sign (20,27). However, among the

remaining 17 cases of CNS ETNOS located in the superficial
regions of the brain, 15 cases (88.2%) showed this sign.
According to previously published reports, CNS ETNOS
are usually isointense to gray matter on T1WI, T2WI, and
FLAIR (12,13,24), probably due to the high nucleus-to-
cytoplasm ratio and less interstitial water (13,24). In contrast,
GBMs often show hypointensity on TIWI and hyperinten-
sity on T2WI and FLAIR. However, these three features
showed poor diagnostic performance in discriminating CNS
ETNOS from GBM in this present cohort. Moreover, the
inter-rater agreements of them were lower than those of
other MRI features. The reason may be that CNS ETNOS is
prone to cystic degeneration, necrosis, and hemorrhage

TABLE 4. AUC, Sensitivity and Specificity of Different MRl Features Combinations for Differentiation Between CNS ETNOS and
GBM in Adults

Features Combination AUC SE pValue Youden Index Sensitivity Specificity
Comb_7 0.86 0.018 <0.001 0.590 80% 79%
Comb_4 0.83 0.021 <0.001 0.570 78% 79%
Comb_3 0.83 0.022 <0.001 0.534 81% 73%
Comb_2 0.82 0.023 <0.001 0.520 75% 77%

Comb_7, combination of seven features; Comb_4, combination of ill-defined margin, severe peritumoral edema, ring enhancement and
broad-based attachment sign; Comb_3, combination of ill-defined margin, severe peritumoral edema and ring enhancement; Comb_2, combi-
nation of ill-defined margin and ring enhancement. AUC, area under the curve; CNS ETNOS, Central nervous system embryonal tumor, not
otherwise specified; GBM, glioblastoma; MRI, magnetic resonance imaging.
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(7,8,11,21,24,28) and the resultant mixed signals within the
tumor might have significantly confounded the evaluation.

The combinations of these conventional MRI features sig-
nificantly improved the diagnostic performance in this study.
However, although the AUC of the combination of seven
MRI features was higher than any of other combinations, the
benefit was relatively little and at the cost of significantly
increased workload. In contrast, the combinations of two (ill-
defined margin and ring enhancement), three (ill-defined
margin, severe peritumoral edema, and ring enhancement)
and four features (ill-defined margin, severe peritumoral
edema, ring enhancement, and broad-based attachment sign)
seems to be more practicable in clinical practice.

Our study has several limitations. First, the sample sizes of
these two tumors were unbalanced due to the rarity of CNS
ETNOS. However, the ROC plot provides a global compre-
hensive view of the test, and the AUC value is independent
of the prevalence (29). Second, functional MRI such as MRS
and DSC-PWI were not involved in this study, due to the
low value in differential diagnosis. Third, no neurosurgeons
participated in the study. Last but not the least, it was a retro-
spective study. Further prospective studies are warranted to
validate these observations in this study.

CONCLUSION

In this largest MRI cohort on differential diagnosis between
CNS ETNOS and GBM in adults to date, seven conven-
tional MRI features showed practical and positive ability for
differentiation. CNS ETNOS can be accurately differentiated
from GBM by evaluating the margin, peritumoral edema and
enhancement pattern.
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