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Purpose. Gliosarcoma is a histopathological variant of glioblastoma, which is characterized by a biphasic growth pattern consisting
of glial and sarcoma components. Owing to its scarcity, data regarding the impact of available treatments on the clinical outcomes
of gliosarcoma are inadequate. The purpose of this retrospective cohort study was to analyze the prognostic factors of gliosarcoma.
Methods. By screening the clinical database of neurosurgical cases at a single center, patients with gliosarcoma diagnosed
histologically from 2013 to 2021 were identified. Clinical, pathological, and molecular data were gathered founded on medical
records and follow-up interviews. Prognostic factors were derived using the Cox proportional hazards model with backward
stepwise regression analysis. Results. Forty-five GSM patients were included. Median overall survival was 25.6 months (95% CI
8.0-43.1), and median relapse-free survival was 15.2 months (95% CI 9.7-20.8). In multivariable analysis, total resection
(p=0.023, HR =0.192, 95% CI 0.046-0.797) indicated an improved prognosis. And low expression of Ki-67 (p =0.059, HR =
2.803, 95% CI 0.963-8.162) would be likely to show statistical significance. However, there might be no statistically significant
survival benefit from radiotherapy with concurrent temozolomide (n =33, 73.3%, log-rank p =0.99) or adjuvant temozolomide
(n=32, 71.1%, log-rank p=0.74). Conclusion. This single-center retrospective study with a limited cohort size has
demonstrated the treatment of gross total resection and low expression of Ki-67 which are beneficial for patients with GSM,
while radiotherapy or temozolomide is not.

1. Introduction

Gliosarcoma (GSM) is a rare malignant tumor of the central
nervous system (CNS) and has been classified as glioblas-
toma (GBM) since the publication of 2016 World Health
Organization Classification of Tumors of the Central Ner-
vous System. It is considered as a histopathological variant
of GBM, as well as epitheliod GBM and giant cell GBM,
accounting for about 2-4% of all cases [1, 2]. GSM presents
unique histopathological manifestations characterized by a
biphasic growth model of glial and sarcomatous elements.

The glioma components often exhibit the typical character-
istics of glioblastoma and have different degrees of anaplasia
and glial fibrillary acidic protein (GFAP) expression. Mean-
while, the sarcomatoid area appears microscopically which
shows dense long-spindle cells arranged within a fishbone
fibrosarcoma structure and occasionally malignant fibrous
histiocytomas. The key points of diagnosis are the reticular
fibres in sarcoma and GFAP expression in glioma [3].
GSM has similar radiological and clinical representations
to GBM but a comparatively poorer prognosis [4-7]. Several
researches have reported the median overall survival (OS) of
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gliosarcoma ranging from 6.6 to 18.5 months [8-11]. At
present, special therapies for GSM are virgin, and treatments
still cannot exceed the limits of GBM guidelines, including
maximum surgical resection, radiotherapy (RT), and temo-
zolomide (TMZ) [12].

Data regarding the impact of excision extension and
postoperative adjuvant therapy on GSM outcomes are insuf-
ficient. Although gross total resection (GTR) of GBM inde-
pendent of adjuvant therapy has been associated with
progression-free survival (PFS) improvement, this has not
yet been confirmed in GSM [11]. Some studies have eluci-
dated a potential a possible benefit of RT and TMZ for
GSM [10, 13]. However, there is still considerable contro-
versy due to the lack of forward-looking clinical evidence
[14, 15]. Distinctive histopathological properties may be
associated with the differential therapeutic susceptibility
between GSM and GBM. In addition, age, tumor size [16],
and the diagnosis of primary or secondary [17] have also
been reported being associated with GSM prognosis. There
are still questions: what type of patient features indicates a
better prognosis, and what kind of treatments can benefit
GSM patients.

Here, we performed a retrospective cohort study of 45
GSM patients at single center. The purposes of our study
were to analyze the independent prognostic factors of GSM
and to understand the efficacy of classical treatments on sur-
vival outcomes.

2. Materials and Methods

2.1. Patients. From November 2013 until May 2021, patients
with pathologically authenticated GSM were scanned from
the medical record database of our hospital. Below are other
criteria for inclusion. Patients were treated with at least one
surgical resection of GSM, including the primary operation
and reoperation. In accordance with the safety principle,
the focus and surrounding brain tissue should be removed
as much as possible. Patients had undergone at least one
postoperative cranial magnetic resonance (MR) or comput-
erized tomography (CT) examination, which was compared
with the preoperative imaging data to clarify the location
and integrity of resection (Figures 1(a) and 1(b)). The
GSM was diagnosed according to the biphasic growth pat-
tern of hematoxylin-eosin (HE) staining as well as GFAP
staining demonstrating GFAP-positive glioma components
and GFAP-negative sarcoma components containing tumor
spindle cells (Figures 1(c)-1(f)). The pathological specimens
before the release of 2016 World Health Organization Clas-
sification of Tumors of the Central Nervous System were
reviewed and confirmed by the pathologist. Radiologic and
pathologic findings were read and examined by specialists
who did not know patient information following the princi-
ple of blindness.

During the course of clinical data collection, we found
that data collected since 2013 was relatively intact due to our
electoral medical record system. Patients were routinely
followed up every three months until May 2022. Meanwhile,
there was no notable change in the treatment of GSM during
this period. We excluded the patients with uncertain patholog-
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ical diagnosis or severely incomplete clinical data. Following
the identification of the cohort, the clinical records of patients
in the cohort were reviewed carefully, including disease-
specific demographic, clinical, and treatment characteristics.

2.2. Data Compilation. Clinical or treatment-related variables
included age, sex, Karnofsky performance score (KPS), diag-
nosis of primary or secondary, single or multiple lesions,
tumor location, preoperative size, epileptic seizure, intracra-
nial hypertension, Ki-67 level, genetic mutation (e.g., IDHI,
p53, PTEN, MGMT, 1p/19q codeletion, TERT, BRAF,
PIK3CA, ATRX, and EGFR), and surgical resection exten-
sion, adjuvant therapies (RT, concurrent TMZ, adjuvant
TMZ, and targeted therapy). The conditions of postoperative
complications were difficult to collect and were not included
in the analysis due to the high scarcity and the poor reliability.
Tumor-specific characteristics were acquired from the initial
MR or CT examinations. Typically, early imaging examina-
tions provided a generalized diagnosis such as glioma instead
of GSM. The final diagnosis was pathologically determined
during subsequent surgical treatment.

2.3. Outcomes. We defined the first diagnosis date as the day
of the first neurosurgery for GSM confirmed by postopera-
tive pathology, and the OS was calculated from this day as
the starting point.

In 8 cases of secondary GSM, all of these patients had
explicit primary and secondary pathological diagnosis. The
primary diagnosis was GBM (WHO IV) in 5 cases and
non-GBM (WHO II-III) in 3 cases. The location of the sec-
ondary GSM was identical to the primary tumor, and the
time interval between two onsets was no more than two
years. According to 2016 World Health Organization Classi-
fication of Tumors of the Central Nervous System, these
patients can be clearly defined as secondary GSM. Before
the first diagnosis of GSM, all secondary GSM patients in
this cohort had received neurosurgery and at least one adju-
vant treatment. The diagnosis of primary and secondary is
worth being included in the Cox proportional hazards
model.

Another survival analysis index was relapse-free survival
(RFS). For either primary or secondary GSM after tumor
resection, relapse of the disease was defined as the date of
radiographic recurrence necessitating either secondary sur-
gical intervention or adjuvant therapy. RES is defined from
the date of the first resection of GSM lesions until the date
of the first indication of tumor recurrence during the imag-
ing examination. Clinical manifestations, multiple imaging
examinations, and secondary postoperative pathology iden-
tified and excluded the possibility of tumor pseudoprogres-
sion in recurrent patients.

2.4. Statistical Analysis. The Cox regression model was used
for univariable analysis, and the hazard ratio (HR) and its
95% confidence interval (95% CI) were estimated. Kaplan-
Meier survival curves were plotted according to different
prognostic factors and were analyzed using log-rank test.
Then, multivariate analysis recruiting proper variables was
performed by the backward regression method to confirm
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FIGURE 1: (a, b) Horizontal T1-weighted contrast-enhanced MRI imaging of GSM located in the temporal lobe. (c-f) Representative images
of GSM stained using HE and immunolabeled using antibodies to GFAP, IDH1, and Ki-67. Through HE staining (c) and GFAP (d) staining,
it can be observed in the biphasic growth pattern of GFAP-positive glioma components and GFAP-negative sarcoma components.

the statistical significance of prognostic factors. Calculations
and graphical representations were performed using the R
software package (version 4.0.3, The R Foundation for Sta-
tistical Computing).

3. Results

3.1. Cohort Characteristics. A total of 45 patients with histo-
pathologically confirmed GSM between 2013 and 2021 were
included (Table 1). As of the last follow-up, 30 patients
(66.7%) had relapsed from the first GSM resection opera-
tion. Among them, 24 patients (53.3%) had passed away.
In 15 patients (33.3%), no tumor recurrence was observed
during postoperative imaging reexamination. In the cohort,
26 cases were medial and young (age<60, 57.8%), and 32
cases were males (71.1%). Most patients were diagnosed
with primary GSM (n =37, 82.2%), with the remainder

being secondary GSM transformed from other types of gli-
oma (n =8, 17.8%). Median preoperative KPS was 80 (range
20-100). Preoperatively, 5 patients (11.1%) had epileptic sei-
zures, and 36 patients (80%) suffered from ventricular
enlargement and intracranial hypertension caused by tumor
compression. Almost all but one patient had a single lesion
(n =44, 97.8%), primarily in temporal (n =19, 42.2%) and
frontal (n=12, 26.7%) lobes. Other tumor locations
included parietal lobe (n =5, 11.1%), basal ganglia (n=4,
8.9%), callosum (n =3, 6.7%), thalamus (n=1, 2.2%), and
brainstem (n =1, 2.2%). In terms of laterality, the left side
(n =20, 44.4%) was a little more than the right side (n = 16,
35.6%), and others were located deep in the brain (n=9,
20.0%). Most tumors had a maximum diameter greater than
3 centimeters (n =32, 71.1%).

The majority successfully underwent GTR (n =41,
91.1%), and the remaining patients underwent subtotal
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TaBLE 1: Continued.

4
TaBLE 1: Clinical characteristics of 45 GSM cases.
(@)

Characteristics Numb(enr :oi IS))atlents PI’O}();OI;UOI’I
Relapse 30 66.7
Death 24 53.3
Age

Average age, years 53.2

Median age, years 56

<60 26 57.8

>60 19 42.2
Sex

Male 32 71.1

Female 13 28.9
KPS

<70 15 333

>70 30 66.7
Primary or secondary

Primary GSM 37 82.2

Secondary GSM 17.8

GBM-origined 11.1

Non-GBM-origined 6.6
Number of lesions

Single 44 97.8

Multiple 1 2.2
Size, diameter

<3cm 13 28.9

>3cm 32 71.1
Location

Temporal 19 422

Frontal 12 26.7

Parietal 5 11.1

Basal ganglia 4 8.9

Callosum 3 6.7

Thalamus 1 2.2

Brainstem 1 2.2
Laterality

Left 20 44.4

Right 16 35.6

Profound 9 20.0
Epileptic seizure

No 40 88.9

Yes 5 11.1
Intracranial hypertension

No 9 20.0

Yes 36 80.0
Level of Ki-67

<15% 15 33.3

>15% 30 66.7

Characteristics Numb((;r :oi Is))atlents Prop&)r)tlon
Resection range
GTR 41 91.1
STR/NTR 4 8.9
Biopsy 0 0
Radiotherapy
No 11 244
Yes 33 73.3
Missing 1 2.2
Dose, mean (SD) 57.97 (2.75)
Concurrent TMZ
No 11 244
Yes 33 73.3
Missing 1 2.2
Adjuvant TMZ
No 12 26.7
Yes 32 71.1
Missing 1 2.2
(b)
Gene locus Wild-type (%)  Mutated (%)  Missing
IDH1 40 (100.0) 0 (0.0) 5
p53 14 (33.3) 28 (66.7) 3
PTEN 5 (55.6) 4 (44.4) 36
MGMT 11 (64.7) 6 (35.3) 28
1p/19q codeletion 10 (66.7) 5(33.3) 30
TERT 5(27.8) 13 (72.2) 27
BRAF 19 (90.5) 2 (9.5) 24
PIK3CA 9 (81.8) 2 (18.2) 34
ATRX 8 (21.6) 29 (78.4) 8
EGFR 8 (80.0) 2 (20.0) 35

resection (STR) and near total resection (NTR), based on the
detailed surgical records and postoperative imaging data of
each patient. Benefit from the progress of surgical technol-
ogy and strictly observing surgical indications, the complete
resection rate of malignant brain tumors increases gradually
in our medical center, and some deep brain tumors can also
be totally removed.

Except for one perioperative death, all cases had received
at least one adjuvant therapy within the specified time, mainly
RT (n=33, 73.3%), concurrent TMZ (n =33, 73.3%), and
adjuvant TMZ (n = 32, 71.1%). This is the reliable information
from clinical data. Some patients (n = 11) only accomplished
adjuvant TMZ treatment because of terrible postoperative
physical condition or poor tolerance to radiotherapy. Coinci-
dentally, all patients receiving RT in this study took TMZ
simultaneously, and part of them (n = 21) also received adju-
vant TMZ. A few patients were also treated with nimustine
(n=4, 8.8%) and bevacizumab (n = 2, 4.4%). Some recidivist
patients received reoperation (n=12, 40%) or secondary
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radiotherapy (n =7, 23.3%), and five of them received both of
them.

In some patients, gene mutations were detected through
next generation sequencing (NGS) and/or immunohisto-
chemistry (IHC). The results are listed in Table 1.

3.2. Median OS and RFS. After discharge, patients were
systematically reevaluated and reexaminated every three
months. Most patients were given a long-term follow-up of
more than 2 years, and the minimum follow-up period was
4 quarters. Survival data for 45 patients was clarified by April
2022, and the date of death and recurrence was precisely
obtained. The median OS and the median RFS were calcu-
lated via the Kaplan-Meier curve. In this cohort, the median
OS was 25.6 months (95% CI 8.0-43.1) (Figure 2(a)), and
the median RFS was 15.2 months (95% CI 9.7-20.8)
(Figure 2(b)).

3.3. Characteristics Associated with OS. Potential prognostic
factors were analyzed using the Cox proportional hazards
model (Table 2). In backward regression multivariable anal-
ysis excluding the variables of all gene mutations but p53
due to their incomplete data, total resection (p=0.023,
HR =0.192, 95% CI 0.046-0.797) was significantly associ-
ated with longer OS, indicating a better prognosis of GSM
patients. Moreover, expression level of Ki-67 (p=0.059,
HR =2.803, 95% CI 0.963-8.162) would probably be sta-
tistically significant if the sample size increased (Table 2).

However, none of RT with concurrent TMZ (p =0.991,
HR=0.995, 95% CI 0.389-2.546) and adjuvant TMZ
(p=0.742, HR = 0.860, 95% CI 0.351-2.110) indicated a sta-
tistical significance either in univariable and multivariable
analysis (Table 2).

All patients with secondary GSM (n = 8) received post-
operative RT or TMZ after the first operation. Of them, 4
patients received renewedly radiotherapy and concurrent
TMZ after the second operation, and others also accepted
adjuvant TMZ treatment. Compared with patients with pri-
mary GSM, there was no significant difference in patients
with secondary GSM (p=0.749, HR=0.850, 95% CI
0.315-2.298), whether for GBM-origined (p =0.317, HR =
1.742, 95% CI 0.588-5.166) or non-GBM-origined
(p=0.507, HR = 0.503, 95% CI 0.066-3.827) (Table 2).

Kaplan-Meier curves have been drawn, respectively, for
interested factors, respectively. None of them demonstrated
a significant difference. Median OS was 29.7 months (95%
CI 11.5-47.9) in the total resection group (n=41, 91.1%)
and 4.8 months (95% CI 0.0-18.1) in the nontotal resection
group (n=4, 8.9%), p=0.11 (Figure 2(c)). Median OS was
17.0 months (95% CI 8.0-43.1) in the Ki-67 high expression
group (Ki—67>15%, n =30, 66.7%) and cannot be calcu-
lated in the Ki-67 low expression group (Ki-67<15%,
n =15, 33.3%) because the median OS is unreached, p =0.12
(Figure 2(d)). Median OS was 25.6 months (95% CI 9.2
42.0) in the RT with the concurrent TMZ group (n =33,
73.3%) and 41.0 months (95% CI 0.0-82.1) in the non-RT
with the concurrent TMZ group (n =11, 24.4%), p=0.99
(Figure 3(a)) and 29.7 months (95% CI 4.1-55.3) in the adju-
vant TMZ group (n =32, 71.1%) and 25.6 months (95% CI

0.0-54.3) in the nonadjuvant TMZ group (n =12, 26.7%),
p=0.74 (Figure 3(b)).

Median OS was 25.6 months (95% CI 9.2-42.0) in the
RT with the concurrent TMZ group (n =33, 73.3%) and
41.0 months (95% CI 0.0-82.1) in the non-RT with the con-
current TMZ group (n =11, 24.4%), p=10.99 (Figure 3(a))
and 29.7 months (95% CI 4.1-55.3) in the adjuvant TMZ
group (n =32, 71.1%) and 25.6 months (95% CI 0.0-54.3)
in the nonadjuvant TMZ group (n=12, 26.7%), p=0.74
(Figure 3(b)).

In addition, according to the results of NGS and/or
immunohistochemistry (IHC), the fact whether some gene
loci were mutated was used as a prognostic factor for sur-
vival analysis, including p53 (negative, n = 14, 33.3% vs. pos-
itive, n=28, 66.7%, log-rank p=0.81), ATRX (negative,
n =38, 21.6% vs. positive, n =29, 88.4%, log-rank p =0.16),
BRAF (negative, n =19, 90.5% vs. positive, n =2, 9.5%, log-
rank p=0.27), TERT (negative, n=>5, 27.8% vs. positive,
n=13, 722%, log-rank p=0.025), MGMT methylated
(negative, n =11, 64.7% vs. positive, n =6, 35.3%, log-rank
p=0.95), 1p/19q codeletion (negative, n =10, 66.7% vs.
positive, n =5, 33.3%, log-rank p = 0.37), PIK3CA (negative,
n=29, 81.8% vs. positive, n=2, 18.2%, log-rank p=0.47),
EGFR (negative, n = 8, 80.0% vs. positive, n =2, 20.0%, log-
rank p =0.97), and PTEN (negative, n =5, 21.6% vs. positive,
n =4, 88.4%, log-rank p = 0.81).

3.4. Characteristics Associated with RFS. We carried out mul-
tivariable analysis to calculate RFS using the same method
and variables. Similar to OS benefits, the results showed that
the variable of total resection (p = 0.022, HR = 0.181, 95% CI
0.042-0.782) and low expression of Ki-67 (p=0.052, HR =
2.996, 95% CI 0.992-9.053) were helpful to improve RFS
(Table 2).

Similarly, RT with concurrent TMZ (p=0.861, HR =
0.919, 95% CI 0.360-2.348) and adjuvant TMZ (p = 0.631,
HR =0.804, 95% CI 0.330-1.959) did not demonstrate RFS
benefits either in univariable and multivariable analysis
(Table 2).

There was no distinct difference between the primary
group and the secondary group (p =0.715, HR = 1.202, 95%
CI 0.448-3.228), whether for GBM-origined (p=0.417,
HR =1.566, 95% CI 0.529-4.636) or non-GBM-origined
(p=0.646, HR =0.624, 95% CI 0.083-4.684) (Table 2).

Kaplan-Meier curves were drawn, respectively, for inter-
ested factors, and none of them were considered significant
that could affect RFS. Median RFS was 25.3 months (95%
CI 9.5-41.1) in the total resection group (n =41, 91.1%)
and 2.3 months (95% CI 0.0-13.9) in the nontotal resection
group (n =4, 8.9%), p=0.12 (Figure 2(e)). Median RFS was
18.5 months (95% CI 6.0-31.0) in the Ki-67 high expression
group (Ki— 67 > 15%, n =30, 66.7%) and cannot be counted
in the Ki-67 low expression group (Ki-67 <15%, n =15,
33.3%) because the death toll is less than half, p=0.12
(Figure 2(f)).

Median RFS was 25.3 months (95% CI 10.4-40.2) in the
RT with the concurrent TMZ group (n = 33, 73.3%) and 31.1
months (95% CI 0.0-64.1) in the non-RT with the concur-
rent TMZ group (n =11, 24.4%), p = 0.86 (Figure 3(c)) and
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TaBLE 2: Univariable and multivariable analysis according to OS and RFS.
(a)
Variable name Univariable analysis, OS Multivariable analysis, OS
p value HR (95% CI) p value HR (95% CI)
Age 0.732 1.151 (0.515-2.572)
Sex 0.358 0.678 (0.296-1.553)
Primary or secondary 0.749 0.850 (0.315-2.298)
Primary vs. GBM-origined 0.317 1.742 (0.588-5.166)
Primary vs. non-GBM-origined 0.507 0.503 (0.066-3.827)
KPS 0.847 0.919 (0.392-2.157)
Location 0.548
Frontal vs. deep 0.195 0.452 (0.136-1.500)
Parietal vs. deep 0.989 0.990 (0.244-4.024)
Temporal vs. deep 0.364 0.624 (0.226-1.728)
Size 0.334 0.657 (0.280-1.542)
Number of lesions 0.036 0.095 (0.011-0.853)
Epileptic seizure 0.684 0.739 (0.172-3.170)
Intracranial hypertension 0.377 0.639 (0.237-1.725)
Ki-67 level 0.132 2.039 (0.807-5.151) 0.059 2.803 (0.963-8.162)
Resection range 0.125 0.382 (0.111-1.306) 0.023 0.192 (0.046-0.797)
Radiotherapy 0.991 0.995 (0.389-2.546)
Concurrent TMZ 0.991 0.995 (0.389-2.546)
Adjuvant TMZ 0.742 0.860 (0.351-2.110)
Gene mutation
IDH1 — —
p53 0.807 0.893 (0.360-2.216)
PTEN 0.809 1.221 (0.243-6.122)
MGMT 0.953 0.950 (0.173-5.229)
1p/19q codeletion 0.381 2.057 (0.410-10.318)
TERT 0.209 47.014 (0.116-18994)
BRAF 0.288 2.436 (0.472-12.569)
PIK3CA 0.483 2.262 (0.232-22.095)
ATRX 0.165 0.483 (0.173-1.349)
EGFR 0.975 0.966 (0.111-8.415)
(b)
Variable name Univariable analysis, RFS Multivariable analysis, RFS
p value HR (95% CI) p value HR (95% CI)
Age 0.700 1.171 (0.524-2.616)
Sex 0.568 0.784 (0.341-1.805)
Primary or secondary 0.715 1.202 (0.448-3.228)
Primary vs. GBM-origined 0.417 1.566 (0.529-4.636)
Primary vs. non-GBM-origined 0.646 0.624 (0.083-4.684)
KPS 0.800 0.896 (0.383-2.096)
Location 0.708
Frontal vs. deep 0.367 0.578 (0.176-1.900)
Parietal vs. deep 0.995 1.004 (0.250-4.041)
Temporal vs. deep 0.424 0.660 (0.238-1.831)
Size 0.426 0.706 (0.300-1.663)
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TaBLE 2: Continued.

Variable name

Univariable analysis, RFS

Multivariable analysis, RFS

p value HR (95% CI) p value HR (95% CI)
Number of lesions 0.022 0.071 (0.007-0.679)
Epileptic seizure 0.857 0.875 (0.205-3.731)
Intracranial hypertension 0.513 0.714 (0.260-1.958)
Ki-67 level 0.130 2.066 (0.809-5.278) 0.052 2.996 (0.992-9.053)
Resection range 0.137 0.395 (0.116-1.345) 0.022 0.181 (0.042-0.782)
Radiotherapy 0.861 0.919 (0.360-2.348)
Concurrent TMZ 0.861 0.919 (0.360-2.348)
Adjuvant TMZ 0.631 0.804 (0.330-1.959)
Gene mutation
IDH1 — —
p53 0.995 0.997 (0.402-2.474)
PTEN 0.745 1.307 (0.261-6.550)
MGMT 0.992 1.009 (0.184-5.527)
1p/19q codeletion 0.433 1.900 (0.382-9.440)
TERT 0.202 49.123 (0.125-19.370)
BRAF 0.270 2.529 (0.487-13.134)
PIK3CA 0.838 1.252 (0.145-10.817)
ATRX 0.298 0.581 (0.209-1.617)
EGFR 0.951 1.070 (0.124-9.249)

25.3 months (95% CI 9.7-40.9) in the adjuvant TMZ group
(n=32, 71.1%) and 14.3 months (95% CI 0.0-35.2) in the
nonadjuvant TMZ group (n=12, 26.7%), p=0.63
(Figure 3(d)).

4. Discussion

As a histological variant of GBM, GSM has some different
prognostic factors. Reviewing the clinical data of the cohort,
the people with high incidence of GSM are concentrated
around the age of 60 (50 <age < 70, n =29, 64.4%), mainly
male (n =32, 71.1%) and showing a predilection for tempo-
ral lobe (n =19, 42.2%). The situation is generally consistent
with the previous research results [17-22]. In our cohort, the
proportion of patients with secondary GSM is 17.8%, which
is still consistent with existing reports [22, 23].

The median OS in our study was 25.6 months and longer
than those in most other studies, which range from 5.7
months to 24.7 months [24, 25]. The results of our study
suggested that total resection of GSM was associated with
prolonged OS and RFS. Although some retrospective studies
have reached the opposite conclusions [9, 11, 24], the resec-
tion range is a well-accepted independent prognostic factor
for improved OS in GSM [4, 5, 17, 26, 27]. Cachia et al.
reported that patients of primary GSM undergoing GTR
tended to have a greater OS (median 24.7 months) than
those having subtotal resection (median 10.1 months) [25].
And with advances in medical technology, more thorough
surgeries were accepted by patients over the past six years.
In our cohort, even if the lesions were deep in 9 patients,
41 patients had undergone GTR, and no patients received
biopsy. Most patients were in relatively good physical condi-

tion at the beginning of treatment (median KPS was 80) and
were more inclined to tolerate the treatments with large
physiological burden.

Currently, almost GSM patients are guided to accept the
Stupp protocol in clinical practice, RT, and chemotherapy
following surgery as same as GBM [19]. Radiotherapy has
been suggested to improve the outcomes of patients,
because it may increase OS by 2-4 months [28]. TMZ has
been proved as the most effective chemotherapeutic drug
for high-grade gliomas [9, 29]. But due to the lack of pro-
spective studies or large-scale multicenter retrospective
studies, the debate on the therapeutic value of RT and
TMZ in GSM remains unresolved [5]. The scholars from
Stanford University Medical Center provided that a signifi-
cantly improved PFS (median 32.97 months) and OS
(median 56.73 months) occurred in patients receiving surgi-
cal resection followed by RT and concurrent TMZ [17].
Different from their results, RT, concurrent TMZ, and adju-
vant TMZ did not show any survival benefits. Our study is
inclined to support the view that RT or TMZ is ineffective
for GSM patients. The histopathological differences between
GSM and classical GBM cannot be overlooked. GSM is rich
in sarcoma components, which were insensitive to RT and
chemotherapy [30], which is related to minimal statistical
effectiveness. In addition, lots of patients in this cohort have
not not yet arrived at the terminal of the life train, which
inevitably influences the judgment of the effect of RT and
chemotherapy.

The lower Ki-67 expression is parallel to a lower rate of
tumor cell division [31], which indicates a longer RFS. This
inference has been supported in the study of GSM [32],
and our results enhance the reliability.
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F1GURE 3: The results of Kaplan-Meier curves and log-rank tests showed that the effect of radiotherapy and concurrent TMZ (a) or adjuvant
TMZ (b) on the OS benefits of GSM was not statistically significant. The results of Kaplan-Meier curves and log-rank tests according to RFS
indicated that there was no statistically significant impact of radiotherapy and concurrent TMZ (c) or adjuvant TMZ (d).
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In univariable analysis, no statistically significant param-
eters were found (p < 0.05) but lesion number, but there is
only one case with multiple lesions. The enormous sample
size between groups makes the results lack credibility and
be unable to participate in multivariable analysis. Existing
reports suggest that TERT [33] and PIK3CA [34] mutations
are frequent in GSM, but there is still a lack of evidence of
prognostic relevance. In our study, the p values of TERT
are below 0.05 in the log-rank test. The small sample size
determines that the univariable analysis of these transgena-
tions has no practical reference value. The results are just
listed.

A series of other favorable prognostic factors have been
reported previously, including MGMT methylation [5, 14],
tumor size [21, 35], temporal tumor location [36], and youn-
ger age [5, 13, 21, 32, 35]. These conditions are rarely
repeated because of small sample size. No such association
was seen in our study.

Compared to prospective studies or large multicenter
randomized controlled trials (RCTs), there are many limita-
tions to the single-center retrospective cohort studies for rare
diseases. The limited cohort size limits the analysis of poten-
tial subset analysis and may hinder our ability to adequately
adjust for confounding covariates. All patients had obtained
postoperative pathological diagnosis when they were selected
into the cohort, which might result in inevitable selection
bias. We should be cautious about the conclusions of this
study, but we are confident to persist in the clinical value of
our results for further prospective study or RCTs.

5. Conclusions

This study is a retrospective cohort study with limited cohort
size, our results demonstrate that GTR and low expression of
Ki-67 are of great significance to the prognosis of GSM,
while the survival benefits of adjuvant therapies including
RT or TMZ are limited.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Disclosure

In addition, a preprint has previously been published in
Research Square [37].

Conflicts of Interest

The authors have no conflicts of interest to declare.

Authors’ Contributions

ZY and HX conceived the project. ZY and ZZ obtained the
requisite data, conducted the statistical analysis, interpreted
the data, drafted the manuscript, generated tables and fig-
ures, and received the final manuscript submission. MX,

13

KS, JS, WZ, and LW critically revised the manuscript draft.
Ziye Yu and Zhirui Zhou contribute equally to the work.

References

[1] P. Diamandis and K. Aldape, “World Health Organization
2016 Classification of Central Nervous System Tumors,” Neu-
rologic Clinics, vol. 36, no. 3, pp. 439-447, 2018.

[2] D.N. Louis, A. Perry, G. Reifenberger et al., “The 2016 World
Health Organization Classification of Tumors of the Central
Nervous System: a summary,” Acta Neuropathologica,
vol. 131, no. 6, pp. 803-820, 2016.

[3] K.M.Kiang, A. A. Chan, and G. K. Leung, “Secondary gliosar-
coma: the clinicopathological features and the development of
a patient-derived xenograft model of gliosarcoma,” BMC Can-
cer, vol. 21, no. 1, p. 265, 2021.

[4] K. R. Kozak, A. Mahadevan, and J. S. Moody, “Adult gliosar-
coma: epidemiology, natural history, and factors associated
with outcome,” Neuro-Oncology, vol. 11, no. 2, pp. 183-191,
2009.

[5] J. Frandsen, A. Orton, R. Jensen et al., “Patterns of care and
outcomes in gliosarcoma: an analysis of the National Cancer
Database,” Journal of Neurosurgery, vol. 128, no. 4, pp. 1133-
1138, 2018.

[6] D. N. Louis, A. Perry, P. Wesseling et al., “The 2021 WHO
Classification of Tumors of the Central Nervous System: a
summary,” Neuro-Oncology, vol. 23, no. 8, pp. 1231-1251,
2021.

[7] X. Yi, H. Cao, H. Tang et al., “Gliosarcoma: a clinical and
radiological analysis of 48 cases,” European Radiology, vol. 29,
no. 1, pp. 429-438, 2019.

[8] R. Ma, D. M. Alexe, and E. A. Pereira, “Primary gliosarcoma:
epidemiology, clinical presentation, management, and sur-
vival,” Journal of Neurosurgical Sciences, vol. 64, no. 4,
pp. 341-346, 2020.

[9] S. Adeberg, D. Bernhardt, S. B. Harrabi et al., “Radiotherapy
plus concomitant temozolomide in primary gliosarcoma,”
Journal of Neuro-Oncology, vol. 128, no. 2, pp. 341-348, 2016.

[10] G. V. Walker, M. R. Gilbert, S. S. Prabhu, P. D. Brown, and
M. F. McAleer, “Temozolomide use in adult patients with glio-
sarcoma: an evolving clinical practice,” Journal of Neuro-
Oncology, vol. 112, no. 1, pp. 83-89, 2013.

[11] G. Singh, S. Mallick, V. Sharma et al., “A study of clinico-
pathological parameters and O6 — methylguanine DNA meth-
yltransferase (MGMT) promoter methylation status in the
prognostication of gliosarcoma,” Neuropathology, vol. 32,
no. 5, pp. 534-542, 2012.

[12] H. Gittleman, A. Boscia, Q. T. Ostrom et al., “Survivorship in
adults with malignant brain and other central nervous system
tumor from 2000-2014,” Neuro-Oncology, vol. 20, p. vii6, 2018.

[13] Q. Huang, F. Li, Y. Chen, F. Hong, H. Wang, and J. Chen,
“Prognostic factors and clinical outcomes in adult primary
gliosarcoma patients: a surveillance, epidemiology, and end
results (SEER) analysis from 2004 to 2015,” British Journal of
Neurosurgery, vol. 34, no. 2, pp- 161-167, 2020.

[14] D. R. Smith, C. C. Wu, H. J. Saadatmand et al., “Clinical and
molecular characteristics of gliosarcoma and modern prognos-
tic significance relative to conventional glioblastoma,” Journal
of Neuro-Oncology, vol. 137, no. 2, pp. 303-311, 2018.

[15] H. Srivastava, A. Dewan, S. K. Sharma et al., “Adjuvant radia-
tion therapy and temozolomide in gliosarcoma: is it enough?



14

(16]

(17]

(18]

(19]

(20]

[21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

Case series of seven patients,” Asian Journal of Neurosurgery,
vol. 13, no. 2, pp. 297-301, 2018.

B. Chen, B. Liu, C. Wu, and Z. Wang, “Prognostic factors
among single primary gliosarcoma cases: a study using surveil-
lance, epidemiology, and end results data from 1973-2013,”
Cancer Medicine, vol. 8, no. 14, pp. 6233-6242, 2019.

M. C.Jin, E. K. Liu, S. Shi et al., “Evaluating surgical resection
extent and adjuvant therapy in the management of gliosar-
coma,” Frontiers in Oncology, vol. 10, p. 337, 2020.

S.J. Han, I. Yang, T. Tihan, M. D. Prados, and A. T. Parsa,
“Primary gliosarcoma: key clinical and pathologic distinctions
from glioblastoma with implications as a unique oncologic
entity,” Journal of Neuro-Oncology, vol. 96, no. 3, pp. 313-
320, 2010.

E. Galanis, J. C. Buckner, R. P. Dinapoli et al., “Clinical out-
come of gliosarcoma compared with glioblastoma multiforme:
North Central Cancer Treatment Group results,” Journal of
Neurosurgery, vol. 89, no. 3, pp- 425-430, 1998.

G. Singh, K. K. Das, P. Sharma et al., “Cerebral gliosarcoma:
analysis of 16 patients and review of literature,” Asian Journal
of Neurosurgery, vol. 10, no. 3, pp. 195-202, 2015.

D. Pierscianek, Y. Ahmadipour, A. Michel et al., “Demo-
graphic, radiographic, molecular and clinical characteristics
of primary gliosarcoma and differences to glioblastoma,” Clin-
ical Neurology and Neurosurgery, vol. 200, article 106348,
2021.

S. J. Han, 1. Yang, T. Tihan, S. M. Chang, and A. T. Parsa,
“Secondary gliosarcoma: a review of clinical features and
pathological diagnosis,” Journal of Neurosurgery, vol. 112,
no. 1, pp. 26-32, 2010.

J. R. Perry, L. C. Ang, J. M. Bilbao, and P. J. Muller, “Clinico-
pathologic features of primary and postirradiation cerebral
gliosarcoma,” Cancer, vol. 75, no. 12, pp. 2910-2918, 1995.
C.S. Dejonckheere, A. M. C. Bohner, D. Koch et al,, “Chasing a
rarity: a retrospective single-center evaluation of prognostic
factors in primary gliosarcoma,” Strahlentherapie und Onkolo-
gie, vol. 198, no. 5, pp. 468-474, 2022.

D. Cachia, C. Kamiya-Matsuoka, J. J. Mandel et al., “Primary
and secondary gliosarcomas: clinical, molecular and survival
characteristics,” Journal of Neuro-Oncology, vol. 125, no. 2,
pp. 401-410, 2015.

T. J. Brown, M. C. Brennan, M. Li et al., “Association of the
extent of resection with survival in glioblastoma: a systematic
review and meta-analysis,” JAMA Oncology, vol. 2, no. 11,
pp. 1460-1469, 2016.

G. Zhang, S. Huang, J. Zhang, Z. Wu, S. Lin, and Y. Wang,
“Clinical outcome of gliosarcoma compared with glioblastoma
multiforme: a clinical study in Chinese patients,” Journal of
Neuro-Oncology, vol. 127, no. 2, pp. 355-362, 2016.

X. Wang, J. Jiang, M. Liu, and C. You, “Treatments of gliosar-
coma of the brain: a systematic review and meta-analysis,”
Acta Neurologica Belgica, vol. 121, no. 6, pp. 1789-1797, 2021.

L. B. Nabors, J. Portnow, M. Ammirati et al., “NCCN guide-
lines insights: central nervous system cancers, version
1.2017,” Journal of the National Comprehensive Cancer Net-
work, vol. 15, no. 11, pp. 1331-1345, 2017.

Y. Zhang, J. P. Ma, J. C. Weng et al., “The clinical, radiological,
and immunohistochemical characteristics and outcomes of
primary intracranial gliosarcoma: a retrospective single-centre
study,” Neurosurgical Review, vol. 44, no. 2, pp. 1003-1015,
2021.

(31]

(32]

(33]

[34]

(35]

(36]

(37]

Computational and Mathematical Methods in Medicine

M. G. Davey, S. O. Hynes, M. J. Kerin, N. Miller, and A. J.
Lowery, “Ki-67 as a prognostic biomarker in invasive breast
cancer,” Cancers, vol. 13, no. 17, p. 4455, 2021.

F. I. Ahmed, K. G. Abdullah, J. Durgin, R. D. Salinas, D. M.
O'Rourke, and S. Brem, “Evaluating the association between
the extent of resection and survival in gliosarcoma,” Cureus,
vol. 11, no. 4, article e4374, 2019.

J. E. Oh, T. Ohta, N. Nonoguchi et al., “Genetic alterations in
gliosarcoma and giant cell glioblastoma,” Brain Pathology,
vol. 26, no. 4, pp. 517-522, 2016.

C. B. Knobbe and G. Reifenberger, “Genetic alterations and
aberrant expression of genes related to the phosphatidyl-
lnosit01-3’-kinase/protein kinase B (Akt) signal transduction
pathway in glioblastomas,” Brain Pathology, vol. 13, no. 4,
pp. 507-518, 2003.

S. S. Feng, H. B. Li, F. Fan et al., “Clinical characteristics and
disease-specific prognostic nomogram for primary gliosar-
coma: a SEER population-based analysis,” Scientific Reports,
vol. 9, no. 1, article 10744, 2019.

S. Frandsen, H. Broholm, V. A. Larsen et al., “Clinical character-
istics of gliosarcoma and outcomes from standardized treatment
relative to conventional glioblastoma,” Frontiers in Oncology,
vol. 9, p. 1425, 2019.

Z.Y.Yu, Z. R. Zhou, M. Xu et al., Prognostic factors of gliosar-
coma in the real world: a retrospective cohort study, Research
Square, 2022.



	Prognostic Factors of Gliosarcoma in the Real World: A Retrospective Cohort Study
	1. Introduction
	2. Materials and Methods
	2.1. Patients
	2.2. Data Compilation
	2.3. Outcomes
	2.4. Statistical Analysis

	3. Results
	3.1. Cohort Characteristics
	3.2. Median OS and RFS
	3.3. Characteristics Associated with OS
	3.4. Characteristics Associated with RFS

	4. Discussion
	5. Conclusions
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions



