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Gliosarcoma: a clinical and radiological analysis of 48 cases
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Abstract

Objectives To retrospectively review the radiological and clinicopathological features of gliosarcoma (GSM) and differentiate it
from glioblastoma multiforme (GBM).

Methods The clinicopathological data and imaging findings (including VASARI analysis) of 48 surgically and pathologically
confirmed GSM patients (group 1) were reviewed in detail, and were compared with that of other glioblastoma (GBM) cases in
our hospital (group 2).

Results There were 28 men and 20 women GSM patients with a median age of 52.5 years (range, 24-80 years) in this study.
Haemorrhage (n = 21), a salt-and-pepper sign on T2-weighted images (n = 36), unevenly thickened wall (n = 36) even appearing as
a paliform pattern (n = 32), an intra-tumoural large feeding artery (» = 32) and an eccentric cystic portion (ECP) (n = 19) were more
commonly observed in the GSM group than in GBM patients. Based on our experience, GSM can be divided into four subtypes
according to magnetic resonance imaging (MRI) features. When compared to GBM (group 2), there were more patients designated
with type 111 lesions (having very unevenly thickened walls) and IV (solid) lesions among the GSM cases (group 1). On univariate
prognostic analysis, adjuvant therapy (radiotherapy, chemotherapy, and radiochemotherapy) and existence of an eccentric cyst
region were prognostic factors. However, Cox's regression model showed only adjuvant therapy as a prognostic factor for GSM.
Conclusions When compared to GBM, certain imaging features are more likely to occur in GSM, which may help raise the
possibility of this disease. All GSM patients are recommended to receive adjuvant therapy to achieve a better prognosis with
radiotherapy, chemotherapy or radiochemotherapy all as options.

Key Points

* Diagnosis of gliosarcoma can be suggested preoperatively by imaging.

* Gliosarcoma can be divided into four subtypes based on MRI.

* Paliform pattern and ECP tend to present in gliosarcoma more than GBM.

* The cystic subtype of gliosarcoma may predict a more dismal prognosis.

* All gliosarcoma patients should receive adjuvant therapy to achieve better prognosis.
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Abbreviations

ECP Eccentric cystic portion
GBM Glioblastoma multiforme
GSM Gliosarcoma

HGG High-grade glioma

IHC Immunohistochemical

(0N} Overall survival

PSM Propensity score matching

VASARI Visually accessible rembrandt images

Introduction

Gliosarcoma (GSM) is a rare central nervous system (CNS) tu-
mour, which has been reported to have similar clinical and radio-
logical presentation to glioblastoma multiforme (GBM) and an
even poorer prognosis [1-7]. Given the inadequate knowledge of
this rare disease, no specific or special therapy is yet available for
GSM. GBM guidelines remain the only available treatment strat-
egy regardless of the poorer prognosis for GSM compared with
GBM [8]. It has been noted that a different treatment strategy or
new potential clinical therapy is strongly needed for GSM in
order to achieve a longer survival [1, 2, 4, 5, 9, 10]. Thus, an
accurate preoperative diagnosis may be mandatory prior to the
attempt to develop optimal treatment strategies in the clinic [4, 5,
11]. However, preoperative needle biopsy remains the only reli-
able method to obtain accurate preoperative diagnosis of this
obscure brain tumour to date. Unfortunately, diagnosis based on
puncture biopsy still has a high probability of misdiagnosis, not to
mention its invasive nature and inherent medical risks, such as
accidental implantation of tumour tissue along the puncture canal.
In addition, whether biopsy diagnosis is accurate or not depends
on the suitability of the sample, as well as on the diagnostic
pathologist’s awareness of the disease. All of these reasons to-
gether limit the clinical application of biopsy. For example, when
referring to patients with suspected high-grade glioma (HGG),
biopsy should be alternative only if GSM is considered likely.
Therefore, non-invasive radiological examination, especially
magnetic resonance imaging (MRI), which could provide reliable
diagnostic clues or potentially achieve an accurate diagnosis pre-
operatively, has always been a hot issue in this field [12—14].
Considering the rarity of this disease, only a few studies with
limited data have previously focused on GSM [1-5, 8, 11, 15-20].
Among these, the majority focus on clinicopathological data, and
specific radiological studies are seriously lacking. Given the few
imaging features of this rare tumour that have been demonstrated,
GSM is still poorly recognised radiologically. Clinically, GSM is
easily misdiagnosed as GBM preoperatively due to its extremely
low incidence and similar radiological presentation [6, 19, 21].
Thus, it is challenging for radiologists and surgeons to make a
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reasonably accurate preoperative diagnosis of GSM, even when
aware of this rare disease. A comprehensive study of GSM radio-
logical features with significant diagnostic value as well as their
underlying pathological basis is therefore urgently needed.
Herein, we report a retrospective study of 48 patients with
surgically and pathologically proven GSM at our hospital.
The primary purpose was to identify the radiological findings
(focusing on MRI) of this rare disease and their diagnostic
value for differentiating it from GBM. The treatment and
prognosis factors of this disease are also discussed.

Materials and methods
Design and patients

This retrospective study was approved by our hospital’s insti-
tutional review board (no. 201709995), and the requirement
for informed consent was waived.

From January 2008 to April 2017, all patients with surgically
and pathologically confirmed GBM or GSM were searched in
our hospital’s medical record database. A flowchart of the pa-
tients enrolled for analysis, along with numbers of excluded
patients and the reasons for their exclusion, is shown in Fig. 1.

MR and CT imaging analysis

MR and CT images were regularly obtained in our hospital
(details shown in supplementary files). Two radiologists (H.T.,
W.L.) specialising in nervous system diseases (with more than 6
and 15 years’ experience, respectively) independently evaluated
the CT and MRI features of the imaging data, including the size,
shape, margin, haemorrhage, intra-tumoural feeding artery and
patterns of appearance, CT attenuation/MRI intensity, and en-
hancement patterns. For all tumours with MRI images, a
Visually Accessible Rembrandt Images (VASARI) analysis
was performed. Each lesion was scored according to the
VASARI as previously described, with 30 imaging features be-
ing evaluated. Among these 30 features, 27 were ultimately used,
while three (F26, 27, 28) were excluded due to the lack of post-
operational MRI in some patients. A complete description of the
VASARI feature set can be found on the internet (https://wiki.nci.
nih.gov/display/CIP/VASARI) [22]. The investigators were all
blinded to the histopathological results, and inconsistencies
were resolved via consensus.

In the present study, all cases with MRI images were clas-
sified as one of four subtypes, I, II, III, or IV, mainly based on
the degree of uneven thickening of the tumour wall on en-
hanced images A cystic mass with mild-to-moderately thick-
ened wall was defined as subtype 1. If the thickened wall was
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Fig. 1 Flowchart of the present
study. *PSM propensity score
matching

Pathological confirmed
patients in our hospital

images:
n=14

Without preoperational

Radiological,Clinico-
pathological and
prognosis analysis

intermediate or marked, accompanied by an inner wall that was
becoming uneven, a subtype II or IIT was assigned. When the
tumour was all solid, it was classified as subtype IV (a more
detailed depiction can be found in the supplementary files).
Based on the overall impression of the mass after reviewing
all the images, we carried out the typing by using quantitative
criteria based on the proportion of the total area of the tumour
that showed a solid structure. The criteria were defined as
follows: subtype I, <35%; 11, 35-64%; 111, 65-94%; IV, >95%.

In addition, each subtype was further divided into two
groups, depending upon whether or not there were accompa-
nying cystic portions (marked with the subscript letter C). A
pattern map of the subtypes described above and representa-
tive images of corresponding cases are shown in Fig. 2.

The inter-reader agreement for the main radiological features
was evaluated using the kappa consistency test. Excellent, good
and poor agreement were defined as kappa values of >0.81, in
the range of 0.61-0.80 and <0.60, respectively.

The pathological sections of all enrolled GSM patients,
including the haematoxylin and eosin (H&E) and immunohis-
tochemical (IHC) staining, were reanalysed independently by
two experienced pathologists (Z.H., G.G.). The findings were
recorded by consensus.

Follow-up

The follow-up period was determined as from the first day of
diagnosis to the day of death or the date of the last follow-up
examination.

Statistics

Statistics and propensity score matching (PSM) analysis were
performed using SPSS 22.0 (IBM, Armonk, NY, USA). For the
quantitative features, the Wilcoxon rank-sum test was used. For
the qualitative features, chi-squared test or Fisher’s exact test
were used to test differences between groups. Statistical analysis
of survival was performed using the Kaplan-Meier method, and

| GSM: n=62 | | GBM: n=707 I
P Without preoperational
[ —> images:
n= 286
Y Y
e—{ Gsm:n=48 | | GBM:n=421 |
< *PSM analysis
Y Y
GSM with MR GBM with MR
(Group 1): (Group 2):
n=46 n=46

| Radiological analysis |

the results were examined using the log-rank test. Cox multi-
variate survival analyses was also performed. A p value less
than 0.05 was considered statistically significant.

Results
Clinical data

According to the study design, 48 consecutive patients (group
1) with pathologically proven GSM were enrolled in this
study, and 46 gender- and age-matched GBM cases were se-
lected as the control group (group 2) as shown in Fig. 1.

The 28 men and 20 women of group 1 in this study had a
median age of 52.5 years (range, 24-80 years). The clinical
symptoms that contributed to the diagnosis were diverse and
non-specific (Table 1). All of the GSM patients were preopera-
tively misdiagnosed as having other types of tumours, including
meningioma (n = 3), GBM (n = 16), or a vague diagnosis of
high-grade glioma (n = 29). There were no significant differ-
ences between group 1 and group 2 with respect to demographic
data (p > 0.05). Details can be found in Supplementary Table S1.

Inter-reader agreement

Inter-reader analysis showed good-to-excellent agreement in
main imaging features including VASARI scores (kappa value
= 0.687-1.000) (Supplementary Table S2).

Imaging findings

The main imaging findings for the 48 GSM cases are shown in
Table 1 and Supplementary Table S3. Most of the masses in
our study showed a peripheral location (45/48, 93.8%) and
tendency to invasion of the dura (24/46, 52.2%) or ependymal
layer (17/46, 37.0%).

Generally, GSM appeared predominantly as low-attenuation
masses, with a mean CT value of 15-28 HU on the CT images.

@ Springer



432

Eur Radiol (2019) 29:429-438

Fig. 2 Illustration and typical
examples the four imaging
subtype patterns of GSM,
including subtype I (a, b), II (c,
d), 1L, (e, f), I1I (g, h), 111, (i, j), IV
(k, 1), IV, (m, n). The eccentric
cysts of “.” subtype GSM are
clearly demonstrated by asterisks
(e, f,i,j, m, n)

Type II Type |

Type III

On MRI images, most of the legions appeared as well demar-
cated masses with a heterogeneous appearance, appearing het-
erogeneously iso- to hypo-intense on the T1-weighted images,
and mixed hypo-/homo-/hyper-intense on the T2-weighted im-
ages. Unevenly thickened walls with a strong rim- and a ring-
like or paliform enhancement (P-E) patterns could be observed
in 36 (78.26%) of 46 GSM patients with MRI images.
Haemorrhage at different stages, which resulted in a salt-and-
pepper (S-P) sign on T2- or T1-weighted images, could be ob-
served in 67.39% (31/46) of cases (Fig. 3 and Supplementary
Fig. S1).

Regarding the subtypes, type I (n =2) (Fig. 1), type Il (n =
18) (including 11, n = 7), type lI (n = 16) (including 111, n =
9) (Fig. 1) and type IV (n = 10) (including IV, n = 3) (Fig. 1)
all could be detected in group 1. When compared to GBM
(group 2), there are more patients designated with type 111
and IV lesions among the GSM cases (group 1), consistent
with the imaging findings mentioned above. Interestingly, a
higher proportion of cystic subtypes was observed in group 1.

@ Springer

In addition, masses with mild or moderate enhancement
pattern and some interesting findings were also observed in
GSM patients. For instance, aneurysmal-like enhanced nod-
ules were found in three GSM cases with type IV masses,
including one case appearing with a mild enhancement pattern
(Supplementary Fig. S2).

There are some apparent differences between GSM and
GBM on images. For GBM cases, all the features depicted
above, especially the S-P sign and unevenly thickened walls
with strong rim/ring-like or P-E pattern, can also be observed.
However, the degree of thickening of the wall in GSM tends to
be more obvious, accompanied by a higher rate of haemor-
rhage, the presence of an eccentric cystic region and a P-E
pattern (Supplementary Table S4).

Subsequent x* tests confirmed the association with GSM
cases (group 1) of the features mentioned above, including P-
E pattern, advanced subtype, ECP, S-P sign and also with
several VASARI features (F5-8, 15, 16, 17, 19, 20, 29, 30).
The differences in imaging features between group 1 and
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Table 1  Clinical data of 48 GSM cases

Number of
patients (n = 48)

Characteristic

Chief complaint

Headache 31 65
Vomit 13 29
Nausea 4 9
Numbness 9 19
Unstable gait 4 9
Age
Average age, years 53.9
Median age, years 52.5
Sex
Male 28 62
Female 20 38
KPS
90 9 19
80 29 60
70 10 21
Tumour location
Frontal 8 17
Temporal 13 27
Parietal 1
Occipital 1
Ventricle 5 10
Cerebellum 1
Brain stem 0
Overlapping/NOS 19 40
Resection
Extended 7 19
Gross total 37 60
Subtotal/unknown 4 22
Radiotherapy 16 15
Chemotherapy 16 30

group 2 are shown in a heat-map (Fig. 4). Details are shown in
Supplementary Tables S4 and S5.

Treatment and pathological findings

Surgery was performed in all patients, and adjuvant radiother-
apy, chemotherapy, or radiochemotherapy were recommend-
ed to all patients according to the guidelines for treatment of
GBM. Details can be found in Supplementary Table S1.
Pathological typing was evaluated in surgical specimens.
Generally, GSM lesions were irregular (n = 32) or oval/
lobulated (n = 16) masses with a grey or yellowish-white ap-
pearance, and demonstrated a biphasic tissue pattern that was
composed of a mixture of gliomatous and sarcomatous tissues as
demonstrated previously [20]. The stain for GFAP clearly

distinguished true gliosarcoma portions (positive) from sarco-
matous components (negative) (Fig. 5). A large number of
bleeding foci and abundant blood vessels could be found in
the tumours, which may explain the appearance of imaging
signs such as the S-P sign and the P-E pattern.

Generally, the lesions had a relatively high Ki-67 index
ranging from 10 to 80% in IHC analysis. Most noteworthy,
lesions identified as a cystic subtype were seen to have a higher
Ki-67 index than non-cystic lesions (52 £ 17% vs 31 + 20%),
though the difference was not significant (p > 0.05). A small
proportion of patients were positive for MGMT (12/36,
33.3%). Positive staining for IDH1 was rare (2/32, 6.25%).

The histopathological findings combined with IHC stains
confirmed the identification of GSM. Details are displayed in
Supplementary Table S1.

Follow-up

Three patients (cases 5, 8 and 18) were lost to follow-up.
Another two patients (cases 2 and 34) were lost during
follow-up without any known medical reasons. The remaining
43 patients received follow-up after discharge. The median
follow-up time was 10 months (range, 3-46 months).
Median overall survival (OS) for all patients was 12.0+1.9
(range, 3-46) months after diagnosis.

Univariate prognostic analysis demonstrated that GSM pa-
tients undergoing adjuvant therapy achieved a significantly
better prognosis, with the median OS (18.0 £ 1.3 months)
significantly higher than for patients who declined any adju-
vant therapy (9.0 £ 1.5 months) (p < 0.05). The patient with
cystic subtype was also linked to a worse prognosis, with a
significantly lower median OS (10.0 + 2.5 months vs 19.0 +
6.0 months) (p < 0.05) (Fig. 6).

Cox's multifactorial regression model showed only adju-
vant therapy as a significant prognostic factor for GSM
(Supplementary Table S2). The cystic subtype did not achieve
a significant effect (p = 0.13) (Fig. 6).

Discussion

It has been reported that GSM may demonstrate certain radio-
logical characteristics that could help to differentiate it from
GBM [11, 15], including well-demarcated margins, solid-
cystic components, the S-P sign, an uneven rim- or ring-like
enhancement, as well as intra-tumoural strip enhancement.
Unfortunately, all of the highly variable imaging findings of
GSM also can be found in other brain malignancies such as
GBM and other HGGs, in particular [6]. Significantly, all the
patients in this study were misdiagnosed as having either
GBM or HGG preoperatively, illustrating the extreme confu-
sion that may occur in clinical practice.
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Case 13

Case 8

Case 21

Fig.3 Case 13 (a, b, ¢, d), a 71-year-old woman with type Il lesion. Case
8 (e, f, g, h), a 67-year-old man with type II lesion. Case 21 (i, j, k, 1), a 46-
year-old man with type IV, lesion. In cases 13 and 8, note well-defined
masses in left parietal lobe and right temporal lobe showing a salt-and-
pepper-like appearance on T2 images (a, e, arrow). In the lesion of case
13, a hyperintense cystic portion (a, asterisk) was also seen, as well as the
posterolateral portion of a cystic structure, corresponding to hypointensity
on the T2 image (a, arrowhead). Note also the abnormal hyperintensity
on T1 images (b, f, arrowheads), indicating haemorrhage at subacute
phase. On axial (¢, g), sagittal (d) and coronal (h) enhanced T1 images,
abundant intratumoural vessels (a ‘comb-like vessel sign’) (¢, d, arrows)
can be clearly seen. Also, markedly enhanced nodules (d, g, asterisks)

In the present study, we retrospectively collected a second
biggest GSM cohort in a single centre [21] and try to make a
thorough radiological analysis of this rare disease. Moreover,
to explore the radiological differences between GSM and
GBM more effectively, we constructed a case-matched
GBM control group (group 2) by the PSM method, which

@ Springer

and intratumoural vessels (h, arrow) in the unevenly thickened wall are
evident. In case 21 (i, j, k, 1), the lesion in the right temporal lobe appears
as a solid-cystic mass, the solid part presenting with low to intermediate
signal on T2-weighted imaging (i, white asterisk) and intermediate signal
on T1-weighted imaging (j, asterisk), while the cystic portion (i, black
asterisk) has high signal on T2-weighted imaging and low signal on T1-
weighted imaging. After injection of contrast medium, markedly
heterogeneous enhancement is found in the solid portion (k, 1, asterisk),
while the cystic portion presents with no enhancement except for the
cystic wall (1, arrowheads), resulting in a diamond-ring like appearance
(1). A slender separation is visible inside the cystic portion (i, j,
arrowhead)

has never been reported before [6, 8]. Interestingly, though
all the named “diagnostic features” depicted above can also
be observed in the control GBM cases (group 2), there remain
substantial radiological differences between the two groups.
Not surprisingly, the statistical comparison results demonstrat-
ed that dozens of imaging features in the GSM group,
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Fig. 4 A heat-map picture
demonstrates the difference
between VASARI features of
GSM cases and GBM cases. P-E
paliform enhancement, Type
subtype, Cystic eccentric cystic
region, S-P salt-and-pepper sign

GSM Cases (n=46, Group 1)

=46, Group 2)

GBM Cases (n
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Fig.5 Pathological findings of GSM. a H&E stain shows densely packed

bundles of spindle cells (black asterisk) with necrosis (white asterisk) and
haemorrhage (arrowheads). Abundant blood vessels can be observed
(arrow) (40%). b The spindle shaped tumour cells were arranged in a

including VASARI features, were significantly different from
those of GBM cases (see Supplementary Table S3). Generally,
the degree of tumour wall thickening tends to be greater in
GSM than in GBM, accompanied by a higher rate of haemor-
rhage and S-P sign, presence of ECP and a P-E pattern.

VASARI analysis also shows some interesting indicators in
GSM cases compared to GBM cases which was comparable
to previous studies [2, 3, 5, 8, 16, 18, 19, 21, 23, 24]. These
indicators confirm that GSM lesions are indeed bigger than
GBM lesions, with a higher proportion of enhancement re-
gions (also meaning a lower enhancement ratio), a higher risk
of cortical involvement, a lower proportion of necrosis, a low-
er risk of ependymal invasion and a lower incidence of oede-
ma that crosses the midline. Although preliminary results sug-
gested that the incidence of diffusion-limitation (F17) in GSM
was significantly higher than in GBM, the reliability of this
feature still needs to be confirmed by further studies because
of the small number of patients that underwent diffusion-
weighted imaging.

From our experiences in this study, GSM can be classified
into four subtypes, I, II, III, and IV, based on the degree of
uneven thickening of the tumour wall on enhanced images.

a b

Survival Function

fascicular, whorled and storiform pattern, accompanied by blood
vessels (arrow) (100x). ¢ On IHC, the gliomatous component
expressing GFAP (arrows) intermingled with the GFAP-negative
sarcoma component (200x)

There are more patients designated as type III and IV among
the GSM cases (group 1) than among the GBM cases (group
2), which was consistent with our initial impressions based on
the images from the two groups [16, 21]. Interestingly, a
higher proportion of cystic subtype was observed in GSM
cases compared to the control group (group 2). Therefore,
when a suspicious GBM or HGG tumour with an ECP (espe-
cially a III; case) is encountered in the clinic, the possibility of
GSM should be carefully considered.

Traditionally, GSM patients have been treated with GBM-
appropriate therapy, and adjuvant radiotherapy is recommend-
ed for all GSM patients after surgery [1, 2, 4]. However, the
debate over the value of TMZ chemotherapy has still not been
resolved due to the lack of a large-scale clinical trial [5, 10, 20,
23]. Our results may plausibly support the argument that che-
motherapy added to radiotherapy is ineffective. Interestingly,
we found that cystic subtypes, a newly identified imaging fea-
ture whose frequency in GSM was significantly higher than in
GBM in this study, may have potential for predicting prognosis
in GSM patients apart from use in differential diagnosis. GSM
patients with a cystic subtype seem to have a more dismal
prognosis than other GSM patients, as confirmed in the
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Fig. 6 Kaplan-Meier curve for GSM patients. a All GSM patients (n =
45). b GSM patients identified as cystic subtype (n = 16) have a poorer
prognosis than the non-cystic subtype (n = 27) (p = 0.019). ¢ Cox's
multifactorial regression model showed that GSM patients receiving ad-
juvant therapy (radiotherapy, chemotherapy and radiochemotherapy)
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have a significantly better prognosis than GS patients without any
adjuvant therapy after surgery (p = 0.004). There was no difference in
prognosis among GSM patients undergoing the different types of
adjuvant therapy
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univariate prognosis analysis. It is unclear what factors deter-
mine whether this feature is present or not. However, the fact
that tumours of this subtype have a higher Ki-67 index than
tumours without (52 + 17% vs 31 + 20%) suggests that the
emergence of this feature may be related to the higher growth
capacity and more aggressive phenotype of the tumour. Though
this impact on prognosis was not significant in the subsequent
multivariate analysis, the slightly higher p value (p = 0.13)
indicates that this may be due to the small number of cases in
the present study. Further studies with more cases are needed.

We acknowledge that there are several limitations to the
present study. Firstly, the number of cases in this study is small,
which may have affected the reliability of the conclusions,
although our study is the second largest series in a single insti-
tution to our knowledge. Given the rarity of the disease, a small
sample size is almost inevitable until a large multi-institutional
randomised controlled trial (RCT) can be performed. In addi-
tion, the high proportion of patients excluded (14 patients
missed preoperative imaging data) may create an inevitable
selection bias in the cases enrolled. Second, the long time-
span of the enrolled cases and the retrospective nature of this
study meant that follow-up of some patients was very difficult,
resulting in a relatively high rate of missing and unsatisfactory
data. Thirdly, too many patients refused adjuvant therapy or
even regular postoperative review after surgery, although we
strongly suggested both. Fourthly, the descriptions of diagnos-
tic imaging features identified in our study may depend heavily
on the radiologist’s personal experience, lack of objective
criteria for definitive judgement of such things as the degree
of thickening of the tumour wall. A necessary next step will be
development of simple, objective, and comparable criteria that
will allow radiologists or neurosurgeons to make an accurate
judgement. Lastly but significantly, the pathological basis of
the imaging findings was not well analysed due to the study’s
retrospective nature. it is a long way from understanding the
biological basis for the diagnostic value of the meaningful
features identified in the present study. To approach this, a
thorough comparative study on both imaging and pathology
needs to be performed prospectively.

Conclusions

Through a case-controlled analysis, we have clearly demon-
strated that certain MRI image patterns are more likely to occur
in GSM masses than in other GBM cases. The presence of
these features may help radiologists and surgeons to be aware
of the possibility of a GSM diagnosis preoperatively based on
MRI images. Interestingly, a radiologically cystic subtype may
be associated with a worse prognosis. Regarding treatment, all
GSM patients should be recommended to receive adjuvant
therapy to achieve a better prognosis, with radiotherapy, che-
motherapy or radiochemotherapy all as valuable options.
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