
O R I G I N A L  R E S E A R C H

Computed Tomography, Magnetic Resonance 
Imaging, and Pathological Features of Gliosarcoma
Haiqing Fan*, Yue Yu*, Jinhui Du, Likun Liu, Yilin Luo, Hui Yu, Xin Liao

Department of Medical Imaging, The Affiliated Hospital of Guizhou Medical University, Guiyang City, Guizhou Province, 550004, People’s Republic of 
China

*These authors contributed equally to this work 

Correspondence: Xin Liao, Department of Medical Imaging, The Affiliated Hospital of Guizhou Medical University, No. 29 Guiyi Street, Yunyan 
District, Guiyang City, Guizhou Province, 550004, People’s Republic of China, Tel +86 13765065226, Email liaoxinlxlx@126.com 

Objective: To investigate the clinical, imaging, and pathological features of gliosarcoma.
Methods: The clinical data of 14 patients with gliosarcoma confirmed by surgery and pathology at our hospital between 2010 and 
2021 were analyzed retrospectively, and the relevant literature was reviewed.
Results: In all 14 cases, the gliosarcoma was located in the supratentorial brain parenchyma and involved a single lesion. There were 
more male patients (64.3%) than female patients (35.7%), and 57.1% of all the patients were 40–60 years of age. The prognosis of all 
14 patients was poor, and the average survival time was approximately seven months. The computed tomography findings revealed 
mostly mixed density lesions, and some cases were complicated with bleeding. The magnetic resonance imaging revealed irregularly 
shaped mass lesions of different sizes, with uneven or circular enhancement. Cystic degeneration and necrosis could be seen in all the 
masses, some of which showed signs of bleeding and were surrounded by different degrees of edema and space-occupying effects. 
The pathological examination revealed that the tumors had bidirectional differentiation of the glial and sarcoma components, while 
the immunohistochemistry examination revealed glial fibrillary acidic protein-positive and reticular fiber-positive staining in the 
sarcoma.
Conclusion: The clinical manifestations of gliosarcoma are nonspecific, but imaging reveals that the condition has certain character
istics, typically consisting of a huge supratentorial mass, with an irregular heterogeneous periphery or obvious mass-like augmentation 
after enhancement. The final diagnosis depends on the results of a pathological examination.
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Introduction
Gliosarcoma is a subtype of glioblastoma with mesenchymal differentiation, and it is classified as a grade IV tumor by 
the World Health Organization.1 The condition has the histological characteristics of glioblastoma and soft-tissue 
sarcoma2 and is clinically rare. The current treatment is similar to that used for glioblastoma and is primarily surgical, 
supplemented with postoperative radiotherapy and chemotherapy.3,4 The prognosis is extremely poor, even after 
standardized treatment, and the mean overall survival time is only 6.6–18.5 months.5 The condition also has a high 
rate of recurrence and metastasis.

Computed tomography (CT) and magnetic resonance imaging (MRI) are conducive to revealing the positioning and 
the qualitative diagnosis of the lesions, and they present important methods for the examination of tumor lesions in the 
central nervous system. However, gliosarcoma has similar imaging manifestations to glioblastoma,6 meaning the 
accuracy of the imaging for preoperative diagnosis is generally low.

A total of 14 cases of gliosarcoma that were confirmed postoperatively via pathological examination at our hospital 
were analyzed retrospectively, with the CT and MRI findings and the pathological features analyzed, while the relevant 
literature was also reviewed and summarized to enhance the understanding of the disease.
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Clinical Data
General Information
The data relating to 14 cases of gliosarcoma confirmed via surgery and pathological examinations at our hospital between 
January 2010 and October 2021 were collected. The patients included nine males and five females aged 23–70 years 
(median = 54 years), with 12 patients aged under 40.

Location of Lesion and Clinical Manifestations
The location, size, and shape of the lesions varied across the 14 cases of gliosarcoma. The vast majority of the patients 
had a short onset time, and the clinical manifestations were nonspecific, with the main manifestations being headache, 
dizziness, nausea, vomiting, weakness in the limbs inducing an unsteady gait, and changes in visual acuity and mental 
state (Table 1). Headache (eight cases), dizziness (six cases), and weakness in the limbs (six cases) were the most 
common symptoms (Table 2). The symptoms had lasted for around one year at most, with the shortest symptom duration 
around five days. Meanwhile, 13 cases involved the first episode of gliosarcoma, while one case involved recurrence of 
the condition three months after the initial surgery (pathologically confirmed as gliosarcoma after the second operation), 

Table 1 Clinical Data of 14 Patients with Gliosarcoma

Clinical Characteristics (n) Number of Cases (n=14) Percentage (%)

Gender (case)
Male 9 64

Female 5 36

Age (n)
<40 years old 2 14

>40 years old 12 86

Chief complaint (n)
Neurological symptoms 14 100

Abnormal limb activities 6 43

Gastrointestinal symptoms 3 21
Cerebral hemisphere site (cases)

Left side

Frontal lobe 2 14
Temporal lobe 2 14

Occipital lobe 1 7

Right side
Frontal lobe 1 7

Frontal temporal lobe 3 21

Frontal parietal lobe 1 7
Temporal lobe 2 14

Temporal parietal lobe 1 7

Parietal occipital lobe 1 7

Table 2 Neurological Symptoms of 14 Patients with Gliosarcoma

Neurological Symptoms (n) Number of Cases (n=14) Percentage(%)

Headache 8 57

Dizziness 6 43
Weakness of the limbs 6 43

Unstable walking 1 7

Limb activity disorder 1 7
Vision change 3 21

Changes in mental state 2 14
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with a history of radiotherapy and chemotherapy. These 14 cases of gliosarcoma accounted for 1.3% of all glioblastoma 
cases treated at the hospital in the same period (Table 3).

Imaging Data
Scanning Methods
A Siemens Somatom Sensation 16 CT scanner and a GE Signa 1.5T superconducting magnetic resonance scanner head coil were 
used for the scanning. Six patients underwent a non-enhanced CT scan, with a 5-mm scanning slice thickness and a 3-mm inter- 
slice gap. All 14 patients underwent non-enhanced and enhanced MRI scanning, using axial T1-weighted imaging (T1WI), T2WI, 
T2/fluid-attenuated inversion recovery (FLAIR), diffusion weighted imaging (DWI), and sagittal T2WI and spin echo sequences. 
The T1WI repetition time (TR) was 500 ms and the echo time (TE) was 25 ms, while the T2WI TR was 5000 ms and the TE was 
106 ms. The field of view (FOV) was 24×24 cm, the slice thickness was 5 mm, the interslice gap was 2 mm, and the matrices 
were 256–512 × 256–512. At the time of the enhanced scanning, gadolinium diethylenetriaminepentaacetic acid was injected 
intravenously into the elbow at a dose of 0.1 mmol/kg body weight, and T1WI axial, coronal, and sagittal sequences were used for 
the scanning. In four cases, magnetic resonance spectroscopy (MRS) was performed using a multivoxel point-resolved spectro
scopy sequence, with a TE of 144 ms. The regions of interest included the solid and cystic parts of the mass and the contralateral 
normal brain parenchyma. In four cases, diffusion tensor imaging (DTI) was performed using an echo planar imaging sequence. 
For the MRS and the DTI, the FOV was 24×24 cm, and the b values were 0 and 1000 s/mm2, respectively.

Image Analysis
All the images were read by two diagnostic imaging radiologists with senior professional titles, using the blind method. 
The following were analyzed: the location, size, shape, and boundaries of the masses; the degree of edema; the space- 
occupying effect; the density and signal characteristics; the presence of cystic necrosis and hemorrhaging; and the 
enhancement. The evaluations that were consistent were regarded as the final diagnostic results.

Pathological Examination
A total of 14 tumor specimens were surgically removed, fixed with 10% formalin, routinely dehydrated, waxed, and 
embedded with paraffin before being consecutively sliced into sections that were used for hematoxylin and eosin, 
immunohistochemical, and reticular fiber staining.

Table 3 Treatment and Prognosis of 14 Patients with Gliosarcoma

Case 
(n=14)

Gender Age Operation Mode Postoperative Radiotherapy and 
Chemotherapy

Overall Survival

1 Male 23 Total tumor resection Radiotherapy and chemotherapy 8 months

2 Male 43 Subtotal tumor resection Radiotherapy and chemotherapy 6 months
3 Male 44 Subtotal tumor resection Radiotherapy and chemotherapy 6 months

4 Male 44 Total tumor resection Radiotherapy and chemotherapy In follow-up

5 Male 53 Subtotal tumor resection Radiotherapy and chemotherapy 10 months
6 Male 58 Subtotal tumor resection Chemotherapy 1 month

7 Male 68 Total tumor resection None In follow-up

8 Male 68 Subtotal tumor resection None 4 months
9 Male 70 Subtotal tumor resection None 4 months

10 Female 25 Total tumor resection Radiotherapy and chemotherapy In follow-up

11 Female 44 Subtotal tumor resection Radiotherapy and chemotherapy 14 months (recurrence postoperatively 
after 12 months)

12 Female 54 Subtotal tumor resection Radiotherapy and chemotherapy 8 months

13 Female 62 Subtotal tumor resection Radiotherapy and chemotherapy 6 months (recurrence postoperatively 
after 3 months)

14 Female 70 Subtotal tumor resection None Died of respiratory failure after surgery
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Results
Lesion Location, Size, and Shape
All 14 cases presented with a single supratentorial lesion, with three in the frontal lobe, four in the temporal lobe, one in 
the occipital lobe, three in the frontal and temporal lobes, one in the frontal and parietal lobes, one in the temporal and 
parietal lobes, and one in the parietal and occipital lobes. In one case, the tumor protruded into the lateral ventricle, in 
another, the tumor involved the corpus callosum, and, in two cases, the tumor invaded the adjacent meninges.

The largest mass was approximately 6.4×6.6 × 7.7 cm, and the smallest was approximately 2.7×4.8 × 3.5 cm. The shapes 
were irregular, the boundaries were unclear, and the tumors exhibited varying degrees of space-occupying effect. Three cases 
had obvious deviation of the midline structure to the opposite side, and one case had hydrocephalous. In 10 cases, there was 
obvious hydrocephalous edema, and, in four cases, there was mild edema around the tumor masses (see Table 4).

Computed Tomography Findings
Non-enhanced CT scanning was performed on six patients, revealing isodense or slightly dense masses of uneven density. 
The CT Hounsfield unit (HU) value was 22–60, but there were necrotic areas and areas with cystic degeneration in which 
the CT HU value was 0–22. High-density hemorrhaging was found in three other cases, in which the CT HU value was 
approximately 63 (Figure 1). None of the patients underwent an enhanced CT examination (Table 4).

Magnetic Resonance Imaging Manifestations
All the patients underwent non-enhanced and enhanced MRI scanning. The signals of all the masses were mixed; the 
T1WI and T2WI sequences exhibited mainly isointense and hypointense signals (Figure 2). In terms of the DWI 
images, the masses presented with restricted diffusion, while the T2/FLAIR images revealed that the masses exhibited 
mixed signals (Figures 3 and 4). Cystic degeneration and necrosis could be seen in all the masses. In four cases, the 
cystic degeneration was giant and located at the edge of the mass, and bleeding was found in the masses of four 
cases.

Enhanced MRI scanning revealed that the masses were significantly and unevenly enhanced, but that there was no 
enhancement in the area of cystic degeneration and necrosis. There was irregular ring enhancement in seven cases, where 

Table 4 Imaging Manifestations of 14 Patients with Gliosarcoma

Case (n=14) Gender Age Imaging Manifestations

1 Male 23 CT: mixed dense mass with hemorrhage 
MRI: irregular ring-enhancement, with giant cystic degeneration

2 Male 43 MRI: mass-like uneven enhancement, protruded into the lateral ventricle

3 Male 44 MRI: irregular ring-enhancement, with obvious surrounding edema
4 Male 44 CT: mixed dense mass with hemorrhage 

MRI: irregular ring-enhancement, with giant cystic degeneration

5 Male 53 CT: mixed dense mass 
MRI: mass-like uneven enhancement

6 Male 58 MRI: irregular ring-enhancement, with cystic degeneration and obvious surrounding edema
7 Male 68 MRI: mass-like uneven enhancement

8 Male 68 CT: mixed dense mass 

MRI: irregular ring-enhancement, with obvious surrounding edema
9 Male 70 CT: mixed dense mass 

MRI: mass-like uneven enhancement

10 Female 25 CT: mixed dense mass with hemorrhage 
MRI: mass-like uneven enhancement

11 Female 44 MRI: mass-like uneven enhancement, with obvious surrounding edema

12 Female 54 MRI: irregular ring-enhancement, with obvious surrounding edema
13 Female 62 MRI: irregular ring-enhancement, with giant cystic degeneration

14 Female 70 MRI: irregular ring-enhancement, with giant cystic degeneration
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the cystic walls of giant cystic degeneration were enhanced, and there was mass-like obvious enhancement in the other 
seven cases (Figure 5). Four patients underwent MRS examination, and the peak value of choline (Cho) increased 
significantly. The peak value of N-acetylaspartate (NAA) and creatine (Cr) decreased, manifesting as a significant 
increase in the Cho/Cr ratio and Cho/NAA ratio and a decrease in the NAA/Cr ratio (Figures 6 and 7). Lactate (Lac) and 

Figure 1 Female (25 years old) with headache and left lower limb weakness for two months. Computed tomography plain scan showing a mixed mass with high density 
hemorrhage in the right frontal and parietal lobes.

Figure 2 Male (44 years old) with headache and blurred vision for one month. T2WI showing the internal hemorrhage of the mass with high signal intensity and perilesional 
edema/infiltration.
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lipid (Lip) peaks were revealed in the MRS of two patients. Four patients had a DTI scan in which it was clear that the 
white matter fiber bundle in the mass area was amputated and reduced (Figure 8).

Pathological and Immunohistochemical Results
Generally, the tumors were tough, and the sections were gray, grayish yellow, or grayish brown. On microscopic 
examination, it was observed that the tumor cells were composed of differently proportioned glial and sarcoma 

Figure 3 Female (25 years old) with headache and left lower limb weakness for two months. T2/fluid-attenuated inversion recovery showing internal hemorrhaging of the 
mass with a slightly higher signal intensity and obvious edema around it.

Figure 4 Male (43 years old) with headache and dizziness for six months. T2/fluid-attenuated inversion recovery showing the internal signal intensity of the mass is clear, and 
the edema is obvious around the mass.
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Figure 5 Male (43 years old) with headache and dizziness for six months. T1WI enhancement showing tumors exhibiting irregular ring enhancement, some with thicker 
walls and wall nodules.

Figure 6 Female (25 years old) with headache and left lower limb weakness for two months. Magnetic resonance spectroscopy showing the internal choline peak of the 
tumor was significantly increased, creatinine peak was decreased, and the N-acetylaspartate peak was obviously decreased.
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components. The tumor cells grew diffusely with vascular proliferation, and there were abundant reticular fibers among 
them. There were also large areas of coagulative necrosis and vascular hyaline degeneration. The immunohistochemical 
analysis was positive for both glial fibrillary acidic protein (GFAP) and vimentin, and it revealed that the Ki-67 
expression level of two types of lesions was >10% and that the staining of the reticular fibers was positive for all the 
tumors. The immunohistochemical analysis was also positive for isocitrate dehydrogenase 1, O-6-methylguanine-DNA 
methyltransferase, and P53 in a number of tumors.

Treatment and Prognosis
The vast majority of the 14 patients had clinical symptoms for the first time within the month before they were treated. 
All of them were given surgical treatment, one patient received postoperative chemotherapy, and nine patients received 
postoperative chemotherapy and radiotherapy. One patient died of respiratory failure after exhibiting unstable vital signs 
in the postoperative period, and 10 patients experienced recurrence postoperatively, the shortest recurrence time being 1 
month and the longest 14 months (average = 7 months). One of the 14 patients had cerebrospinal fluid seeding and distant 
metastasis at the same time (Table 3).

Discussion
Clinical Characteristics
The term “gliosarcoma” was first introduced by Stroebe in 1895,7 and the condition accounts for approximately 2–8% 
of glioblastomas.8 The mechanism of the tumor is not only related to genetic factors, and researchers have considered 
that glioblastoma may be primary and sarcoma secondary.9 This could explain why, in this study, one patient was 
initially diagnosed with glioblastoma via postoperative pathology, but when the tumor recurred three months later, it 
was diagnosed via postoperative pathology as gliosarcoma. It has been found that people aged 40–60 have a high 
prevalence of tumors, with a male to female ratio of 1.75:1.10 Gliosarcoma in children is very rare, while its 

Figure 7 Male (68 years old) with dizziness for twenty days. Magnetic resonance spectroscopy showing the internal choline peak of the tumor was significantly increased, 
creatinine peak was obviously decreased, and the N-acetylaspartate peak was decreased.
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clinicopathological features and prognosis are similar to those in adults.11 The cerebral hemisphere is the most common 
site for the disease, and the tumor most often occurs in the temporal lobe (followed by the frontal and parietal lobes), 
which may be due to the greater sensitivity of the temporal lobe to tumors compared with the other lobes.5,8,10 

Gliosarcoma is rarest in the infratentorial region of the brain, the ventricles, the pineal gland, and the optic nerve.12–15 

Most cases present with a single mass, and multiple masses are rarely reported.16,17 Gliosarcoma often grows across the 
brain lobes, and it generally has a large volume and an obvious space-occupying effect and can easily invade the 
adjacent meninges.18

This study included nine males and five females, with a male to female ratio of 1.8:1, and 40–60-year-old accounted 
for 57.1% of the study subjects. The tumors affected the temporal lobe in eight cases and the frontal lobe in seven, while 
they invaded the adjacent meninges in two, which is consistent with the incidence of gliosarcoma reported in the 
literature. Patients with gliosarcoma most commonly present with symptoms related to increased intracranial pressure, 
such as headache, nausea, vomiting, and decreased vision, as well as signs of focal neurological deficits caused by tumor 
compression, such as limb fatigue and numbness. All these symptoms were reported in this study.

The incidence of extracranial metastases of gliosarcoma is approximately 11%.19 The most common sites of 
extracranial metastasis reported in the literature are the lung, the liver, and the lymph nodes.20 The occurrence of 
metastases may be related to the dedifferentiation of sarcoma and the destruction of the normal anatomical barrier during 
surgical resection.21

Figure 8 Male (58 years old) with headache, dizziness, and fatigue for seven days. Diffusion tensor imaging showing the white mass fiber bundle in the mass area was 
significantly interrupted and reduced.
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Imaging Features
Brain tumors are generally detected via cranial CT and MRI.22 The latter is generally considered superior to the former, 
since it can display the location, size, shape, boundary, density, and signal and enhancement characteristics of any 
lesions.22 The imaging findings are closely related to pathological changes. On non-enhanced CT scans, the gliosarcoma 
presents primarily as isointense and hypointense mixed density masses, while a few tumor masses may be slightly 
hyperintense. However, some can present as tumors with unclear boundaries and irregular shapes, cystic degeneration, 
necrosis, and bleeding. On an enhanced CT scan, the gliosarcoma exhibits even enhancement (primarily peripheric 
enhancement), with the solid part of the tumor clearly enhanced, enhancement in the cystic wall, and no enhancement in 
the areas of cystic degeneration and necrosis.23

In this study, on the non-enhanced CT scans, six patients had masses of mixed density with areas of hypointense 
cystic degeneration and necrosis, three patients had masses with high-density hemorrhaging, one patient had a mass that 
protruded into the lateral ventricle, and one patient had a mass that involved the corpus callosum.

The non-enhanced MRI scans revealed that the masses had irregular abnormal signals, and a hyperintense signal was 
observed when bleeding was found. The T2WI sequences exhibited unevenly mixed isointensity and hyperintensity, and 
the internal capsule degeneration and necrosis exhibited a high signal.24

In terms of the DWI images, the diffusion of the solid part was restricted, but the diffusion of the cystic degeneration 
and necrosis was unrestricted, and T2/FLAIR was sensitive to edema around the mass. The enhanced MRI scanning 
revealed significant uneven enhancement and extremely irregular shapes in the masses. There were two different 
manifestations of enhancement. Peripheric enhancement is common due to cystic degeneration, necrosis, and bleeding, 
and enhancement can be seen in the cystic wall. This was observed in one case. In another case, there was relatively little 
cystic degeneration and necrosis in the mass, which enhanced the shape of the mass, with uneven enhancement inside. 
The edema around the mass exhibited no enhancement, and the invaded adjacent meninges exhibited clear linear 
enhancement.23,25 In this study, all 14 patients underwent non-enhanced MRI scanning and enhanced MRI scanning, 
and the morphological changes, signal characteristics, and edema of the masses were consistent with those reported in the 
literature. Seven cases exhibited irregular annular enhancement and enhancement in the cystic wall of giant cystic 
degeneration, seven cases had clear mass enhancement, and two cases had clear enhancement of the invaded meninges. 
Four patients underwent an MRS scan, which revealed that the Cho peaks in the masses was significantly increased, and 
the NAA peaks in the masses and around the area of the edema were significantly decreased. Four patients underwent 
DTI, and the results revealed that there was destruction of the white matter fiber bundles in the area of the mass, 
suggesting that the destruction of neurons by a tumor is closely related to the proliferation of glial fibers and reflects the 
growth mode of the malignant infiltration of the tumor.

Diagnosis and Pathological Characteristics
Pathologically, the biphasic differentiation into glial and mesenchymal tissues is the key to the diagnosis of gliosarcoma. 
The glial component exhibits typical characteristics of glioblasts, with varying degrees of anaplasia and GFAP expres
sion. Sarcoma areas often show long dense spindle cells, arranged in a fishbone fibrosarcoma structure. The sarcoma 
component may have malignant characteristics, such as an atypical nucleus, active mitosis, and necrosis. Due to the 
formation of reticular fibers, the sarcoma area is clearly distinguishable from the glioma. For diagnostic purposes, it is 
crucial to identify reticular fibers in sarcomas and GFAP in glioma components. Specifically, sarcomas have rich reticular 
fibers and are negative for GFAP, while the glial components lack reticular fibers and are positive for GFAP.4,11,26,27 

Gliosarcoma can also present with other types of mesenchymal differentiation, such as smooth and striated muscle, 
lipoma, and primitive nerve differentiation and differentiation in bone and cartilage formation.11 In some cases, epithelial 
metaplasia, with keratinized stratified epithelial cells and gland formation, has been found. In this study, clear cystic 
degeneration and necrotic areas were seen in all the cases, and a few bleeding foci were seen in some of them. At present, 
the diagnosis of gliosarcoma still depends on postoperative pathology and immunohistochemistry examinations.
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Differential Diagnoses
Gliosarcoma and glioblastoma are difficult to distinguish, and the final diagnosis depends on a pathological examination. 
Gliosarcoma exhibits irregular ring-enhancement on enhanced scanning, which needs to be differentiated from an 
intracranial metastatic lesion or a brain abscess. The ring walls of the latter two are regular, and these two diseases 
can be distinguished by combining the results of clinical history, DWI, MRS, and other tests. One study aimed to 
differentiate primary and secondary malignant tumors of the central nervous system, based on single-voxel short TE and 
multi-voxel long TE proton MRS. The results indicated that there was a good correlation between the NAA/Cr and Cho/ 
Cr ratios, which was more obvious in metastatic tumors. The NAA/Cr value of a metastatic tumor is higher than that of 
high-grade glioma, and the Lac/Cr value is significantly lower than that of glioma and primary central nervous system 
lymphoma, while the Lip and Lac peaks of gliosarcoma, metastatic tumors, and some high-grade gliomas are similar. It is 
generally believed that due to ischemia following cell injury, lactic acid production increases, and with the progress of the 
injury, there will be a Lip peak. The Lip peak in the solid component is related to the mesenchymal component (rather 
than the glial component) of gliosarcoma, the fat component of a metastatic tumor, tumor necrosis, and a poor prognosis. 
In addition, as a non-invasive method of evaluating brain tissue metabolism, spectral analysis can be used to differentiate 
high- and low-grade gliomas. Analysis has revealed that there may be similarities between the metabolite levels of 
different grade gliomas; for example, the rise in creatine may be similar, while the level of creatine in metastatic tumors 
may be lower.28–30

Gliosarcoma can also be differentiated from lymphoma since the signals they produce in plain and enhanced scans 
differ, and circular enhancement is rare for lymphoma. Lymphoma predominantly exhibits hypointensity or isointensity 
on T1WI and T2WI, and clear and intense enhancement can be observed following contrasting. However, when there are 
many liquefied and necrotic components, lesions exhibit a hypointense signal on T1WI and a hyperintense signal on T2 

WI. Correspondingly, there is peripheric enhancement following contrasting.31

Treatment and Prognosis
Gliosarcoma is a highly rare malignant tumor of the central nervous system, which progresses rapidly and relapses and 
metastasizes easily, and its prognosis is poor.20,32,33 At present, surgery is the primary treatment, supplemented with 
radiotherapy and chemotherapy, and without treatment, the average survival time is four months.34 Most tumor 
recurrence is also gliosarcoma, while there have been a few reports of glioblastoma.35 The patients with large cystic 
changes, hemorrhaging, or both, in the 14 cases in this study, had a higher rate of incomplete resection and only 
received postoperative chemotherapy or no therapy at all, and the patients who had a complete resection lived for 
longer.

Limitations
As a single-center retrospective analysis, this study had certain limitations. First of all, most of the 14 patients only 
underwent plain CT and MRI scans and an enhanced MRI scan. Only four patients underwent MRS, and only four 
patients underwent DTI. This was because, at that time, CT/MR perfusion imaging and other examination techniques 
were not available. Secondly, the survival period of the 14 patients was short, meaning only one patient had cerebrospinal 
fluid metastases. Finally, only the main nervous system symptoms of the patients were investigated. Future studies could 
expand the sample size, conduct a multi-center retrospective analysis, use more advanced technology, and ensure regular 
and frequent follow-ups.

Outlook
At present, the question of how to diagnose gliosarcoma efficiently, accurately, and at an early stage without solely 
relying on a pathological examination is critical to the effectiveness of follow-up treatment and the long-term prognosis 
of the patients. In recent years, radiomics, which primarily relies on the collection of imaging data, the segmentation of 
regions of interest, image feature extraction and feature analysis, as well as the creation of predictive models, has been 
widely used in the diagnosis of central nervous system tumors.36 Researchers have also established a predictive model 
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based on radiomics to distinguish patients with glioblastoma from those with glioma, and the predictive value of the 
model is good.6 In the future, radiomics and machine learning methods could be used for more in-depth research to 
improve the accuracy of the preoperative differentiation of glioblastoma and gliosarcoma.
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