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Perfusion CT detects alterations in local 
cerebral flow of glioma related to IDH, MGMT 
and TERT status
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Abstract 

Background: The aim of this study was to investigate the relationship between tumor biology and values of cerebral 
blood volume (CBV), cerebral blood flow (CBF), mean transit time (MTT), time to peak (TTP), permeability surface (PS) 
of tumor in patients with glioma.

Methods: Forty-six patients with glioma were involved in the study. Histopathologic and molecular pathology 
diagnoses were obtained by tumor resection, and all patients accepted perfusion computed tomography (PCT) 
before operation. Regions of interests were placed manually at tumor and contralateral normal-appearing thalamus. 
The parameters of tumor were divided by those of contralateral normal-appearing thalamus to normalize at tumor 
(relative [r] CBV, rCBF, rMTT, rTTP, rPS). The relationships of the parameters, world health organization (WHO) grade, 
molecular pathological findings were analysed.

Results: The rCBV, rMTT and rPS of patients are positively related to the pathological classification (P < 0.05). The val-
ues of rCBV and rPS in IDH mutated patients were lower than those IDH wild-type. The values of rCBF in patients with 
MGMT methylation were lower than those MGMT unmethylation (P < 0.05). The MVD of TERT wild-type group was 
lower than TERT mutated group (P < 0.05). The values of rCBV were significant difference in the four molecular groups 
divided by the combined IDH/TERT classification (P < 0.05). The progression free survival (PFS) and overall survival (OS) 
were significant difference in the four molecular groups divided by the combined IDH/TERT classification (P < 0.05).

Conclusions: Our study introduces and supports the changes of glioma flow perfusion may be closely related to its 
biological characteristics.
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Background
Glioma constitutes a systemic disease of the brain with 
tumor cells spreading far beyond the macroscopically 
visible lesion and form networks throughout the whole 
brain [1]. The WHO grading system classified it as I-IV 

grades, with worst prognosis in grade IV gliomas. How-
ever, with the discovery and research of glioma gene 
targets in recent years, the subtypes of glioma are re-
stratified. On the basis of molecular pathology diagno-
sis results, previous researches have suggested that the 
tumor markers such as IDH mutation status [2], MGMT 
promoter methylation [3] and TERT promoter mutation 
status [4] and so on are independently or interactively 
associated with the disease free survival and the overall 
survival in glioma patients, even affecting the operation 
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and concurrent chemo-radiotherapy of glioma patients. 
Studies found that IDH mutations are considered to be 
an early event in glioma development, and IDH muta-
tions appear to lead to cell state permissive of transfor-
mation, possibly leading to blocked cell differentiation 
and promoting cell proliferation [5], which is closely 
related to prognosis. MGMT may lead to drug resist-
ance of tumor cells to alkylating agents by allowing DNA 
repair to glioma cells. MGMT promoter methylation 
may reduce MGMT activity, thus inhibiting the repair 
of DNA damages after radiation and chemotherapy [6]. 
TERT encodes the catalytic subunit of telomerase, and 
telomere length in normal cells is usually shortened after 
each cell cycle, leading to cell senescence and apoptosis. 
Mutations in the TERT promoter can improve gene tran-
scription, leading to increased TERT mRNA levels [7], 
which predict a poor prognosis in glioma patients [8]. 
These viewpoints provide us with certain clues to the role 
of each gene in the development and development of gli-
oma. However, the mechanism of these genes’ influences 
on glioma is still not completely clear.

Glioma is characterized by abnormal vasculature with 
angiogenesis, which is a typical tumor hallmark par-
ticipating in multiple biological behaviors such as tumor 
progression, invasiveness, and therapy resistance [9]. 
In recent years, with the development of non-invasive 
brain perfusion imaging technology, previous stud-
ies have reported that relevant parameters can obtain 
the hemodynamic information of glioma, summarize 
its microvascular environment [10], and characterize 
gliomas of different grades [11, 12]. Early PCT stud-
ies of glioma often focused on the differential diagnosis 
and tumor pathological grade [13–15]. However, there 
are few studies on the relationship between the sta-
tus of IDH, MGMT, TERT and perfusion indicators in 
glioma patients. Our study aims to explore the correla-
tion between tumor grade, the status of IDH, MGMT, 
TERT and tumor perfusion indicators in glioma patients. 
Furthermore, our study firstly detects the differences of 
perfusion parameters, PFS, OS in the utility of molecu-
lar classification based on the IDH and TERT statuses 
in newly diagnosed WHO grade II- IV diffuse gliomas 
and in the utility of molecular classification based on the 
MGMT and TERT statuses in newly diagnosed glioblas-
toma (GBM).

Materials and methods
Subjects
We reviewed the records of 46 consecutive patients that 
underwent preoperative PCT for newly diagnosed glioma 
from January 2018 to November 2018 in the Depart-
ment of Neurosurgery, the Affiliated Hospital of South-
west Medical University. The inclusion criteria were: (1) 

had complete clinical data, included preoperative PCT. 
(2) pathologically confirmed glioma. (3) had glioma his-
topathologic diagnosises and molecular pathologic diag-
nosises. (4) patients volunteered to participate in the 
research. (5) right-handedness. The exclusion criteria 
were: (1) recurrent glioma patients. (2) previous brain 
biopsy or surgery. (3) previous radiation or chemo-
therapy. (4) had other cerebral system diseases. At last, 
forty-six cases were enrolled, including 22 males and 
24 females, the range of age from15 ~ 83 (48.39 ± 13.54) 
years old. Postoperative pathological diagnosis was glio-
mas, including WHOI grade 1 case, II grade 15 cases, III 
grade 11 cases, IV grade 19 cases (Table 1).

Grouping methods
According to the results of latest studies of clMPACT-
NOW and studies have been carried out to classify 
glioma subtypes based on the combined IDH/TERT 
status in patients with II-IV diffuse glioma [16–18], 
forty-four patients in our study were divided into four 
groups. Group A was grade II-IV diffuse glioma with 

Table 1 Baseline characteristics of the patients with glioma

Characteristics No. (46) Proportion (%)

Ages (ys), (Mean ± SD) 48.39 ± 13.54

Gender (male/female) 22/24 47.8/52.2

Grade
 WHO I 1 2.2

 WHO II 15 32.6

 WHO III 11 23.9

 WHO IV 19 41.3

Tumor Histology
 Pilocytic Astrocytoma 1 2.2

 Oligodendroglioma 6 13.0

 Diffuse Astrocytoma 8 17.4

 Pleomorphic Xantho Astrocytoma 1 2.2

 Anaplastic Oligodendroglioma 7 15.2

 Anaplastic Astrocytoma 4 8.7

 Glioblastoma 19 41.3

Location
 On the tentorium cerebelli 44 95.7

 Under the tentorium cerebelli 2 4.3

IDH
 Mutation 21 45.7

 Wild 25 54.3

TERT
 Mutation 29 63

 Wild 17 37

MGMT
 Methylation 33 71.1

 Unmethylation 13 28.3



Page 3 of 10Wang et al. BMC Neurology          (2021) 21:460  

IDH wild-type and TERT mutation, Group B was grade 
II-IV diffuse glioma with IDH wild-type and TERT wild-
type, Group C was grade II-IV diffuse glioma with IDH 
mutation and TERT mutation, Group D was grade II-IV 
diffuse glioma with IDH mutation and TERT wild-type. 
Moreover, based on the combined MGMT/TERT status 
in patients with GBM, nineteen patients were divided 
into four groups. Group A was GBM with MGMT meth-
ylation and TERT wild-type, Group B was GBM with 
MGMT methylation and TERT mutation, Group C was 
GBM with MGMT un-methylation and TERT wild-type, 
Group D was GBM with MGMT un-methylation and 
TERT mutation.

Regions of interests (ROIs) selection
The ROIs of glioma were placed manually at multidimen-
sional parenchymal areas of tumors [11, 14, 15, 19], which 
the CBV, CBF, MTT, TTP, PS of tumor parenchyma were 
measured at different levels and multiple points, and 
the final perfusion parameters of tumors were averaged. 
Meanwhile, the perfusion parameters of the contralateral 
normal-appearing thalamus were used as normal control. 
The averaged parameters of tumor were divided by those 
of contralateral normal-appearing thalamus to normal-
ize at tumor (relative [r] CBV, rCBF, rMTT, rTTP, rPS). 
These ROIs were not excluded, which were closed to the 
tumor necrosis, tumor cyst, edema, and difficult to dis-
tinguish the anatomical structures.

PCT protocol
Firstly, a noncontrast-enhanced CT scan was pro-
cessed in all patients by Philips Briliancei 256-slice spi-
ral CT scanner after patients had iodine anaphylactic 
test and the result was negative. Sceondly, the contrast 
agent (Iobitridol, 350 mgI/ml) was given rapidly (6 ml/s) 
through an elbow intravenous bolus injection with an 
automatic injector (2 mL/kg). Thirdly, normal saline 
(30 ml) was injected with the same speed. After 5 s delay, 
scanning was performed at the parameters of 80 kVs, 100 
mAs, 0.4 s/cycle, 4.1 s interval, 13 cycles totally, 5 mm slice 
thickness, 512*512 matrix, 54.4 s contrast agent track-
ing time and 12.8 cm coverage. At last, the reorganized 
dynamic images transmitted to the workstation, which 
were processed in Philips Extended Brilliant Workstation 
using CT brain perfusion software.

PCT data processing and analysis
Two experienced radiologists were responsible for meas-
uring perfusion parameters in Philips Extended Brilliant 
Workstation using CT brain perfusion software, who 
were blinded to the clinical results of patients. If two 
radiologists had conflicted opinions, a third radiologist 
was involved in the evaluation. The input artery was the 

ascending petrous segment of the internal carotid artery, 
and the output vein was the superior sagittal sinus. Com-
bined with preoperative magnetic resonance imaging of 
patients, radiologist and neurosurgeon manually draw 
ROIs  (21mm2), avoiding the necrotic or cystic parts of 
the tumor and cortical vessels, to generate the time den-
sity curve, the false-color images and perfusion param-
eters of ROIs, including CBF, CBV, MTT, TTP, and PS. 
The ROIs parameter values were corrected by the value 
of hematocrit.

Microvessel density (MVD) data processing and analyses
a. Pathological section preparation: Tumor paraffin-
embedded tissue blocks were taken, and 4 sections were 
made successively, with a thickness of 4 μm. b. Reagents 
and immunohistochemical staining: Antibodies and 
detection systems: The antibodies and detection system 
used in this study were all products of Beijing Zhongshan 
Jinqiao Biotechnology Co., Ltd., and were CD34 mono-
clonal antibody, EnVision (Polymer) two-step PV-9000 
reagent, 0.01 mol/L phosphate buffer (PBS, pH 7.2 ~ 7.4), 
0.01 mol/L citrate buffer (pH 6.0). Immunohistochemi-
cal staining was performed PV6000 system. Immuno-
histochemical staining of CD34 was performed. c. MVD 
counting: Weidner method was used to determine the 
positive results. First, the area with the highest vascu-
lar density of the tumor was found at low magnification 
(× 100), and then the number of microvessels in the 
five areas with the highest vascular density was counted 
at high magnification (× 400), and the mean value was 
taken to represent MVD.

Statistical analyses
SPSS 22.0 statistical software was used for statistical 
analysis. The number of count data cases (percentage) 
was expressed, and the measurement data was expressed 
as mean ± standard deviation (x ± s). Measurement data 
were analyzed by independent-sample t test, or Wilcoxon 
test or One-way ANOVA. Comparison of survival curves 
was used Log-rank (Mantel-Cox) test. Correlation anal-
ysis was used spearman correlation analysis. Drawing 
using Graphpad Prism 8.0. P ≤ 0.05 was considered sta-
tistically significant.

Result
Patient characteristics
In forty-six glioma patients, the number of IDH 
mutated patients were 21 (45.7%), IDH wild-type were 
25 (54.3%), TERT mutated were 29(63%), TERT wild-
type were 17(37%), MGMT promotor methylation were 
33(71.7%), MGMT promotor un-methylation were 
13(28.3%) respectively. Clinical characteristics such as 
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age, gender, WHO grades, tumor histology and location 
were in Table  1, and more details were in supplemen-
tary Table 1.

Forty-four patients with WHO II-IV diffuse glioma 
were divided into four distinct subgroups based on 
IDH and TERT status. GBM was the most common in 
the group with mutation in TERT but not IDH (Group 
A) and the group with no detectable IDH or TERT 
mutations (Group B), accounting for 66.7 and 62.5% 
respectively. The group with mutations in both IDH 
and TERT (Group C) mainly consisted of oligoden-
droglioma (OL) or anaplastic oligodendrogliom (AO) 
(85.8%). The group with mutation in IDH but not TERT 
(Group D) mostly consisted of DA (71.4%). (Supple-
mentary Table 2).

Niniteen GBM patients were divided into dis-
tinct subgroups based on MGMT and TERT sta-
tus. The group with MGMT methylation but TERT 
wild-type included four patients (Group A). The 
group with MGMT methylation and TERT mutation 
included seven patients (Group B). The group with 
MGMT un-methylation and TERT wild-type included 
three patients (Group C). The group with MGMT 

un-methylation and TERT mutation included five 
patients (Group D). (Supplementary Table 3).

Relationship between pathological grade and perfusion 
parameters
In this study, there was only one patient with grade I 
glioma. So, the patients with grade I and grade II glioma 
were combined with analysis. Glioma grades was posi-
tively correlated with rCBV, rMTT and rPS in perfusion 
CT parameters (P < 0.05). (Table 2) With the increase of 
glioma grades, rCBV, rMTT and rPS showed an increas-
ing trend. (Fig. 1).

Comparisons of perfusion parameters between different 
tumor biology markers
The group of IDH mutated and IDH wild-type show dif-
ferences in rCBV and rPS on perfusion CT. The rCBV 
and rPS of IDH mutated group were lower than IDH 
wild-type group. (Table  3) The rCBF of MGMT meth-
ylation group was lower than un-methylation group. 
(Table 4) The MVD of TERT wild-type group was lower 

Table 2 The correlation between tumor perfusion and WHO 
grade

* P<0.05

Perfusion parameters WHO

r p

rCBV 0.331 0.025*

rCBF 0.054 0.722

rMTT 0.289 0.051*

rTTP 0.211 0.160

rPS 0.398 0.006*

Fig. 1 The correlation between WHO grades and perfusion parameters

Table 3 The differences of perfusion parameters between IDH-
wild-type and IDH-mutant

* P<0.05

Perfusion 
parameters

IDH-
mutant(n = 21)
(M ± SD)

IDH-
wildtype(n = 25)
(M ± SD)

t /Z P

rCBV 0.96 ± 0.45 1.39 ± 0.43 −3.38 0.002*

rCBF 0.8 ± 0.37 1.02 ± 0.93 0.45 0.651

rMTT 1.45 ± 0.53 1.81 ± 0.89 1.36 0.175

rTTP 1.08 ± 0.1 1.07 ± 0.1 0.03 0.974

rPS 1.02 ± 0.37 1.45 ± 0.65 3.25 0.001*

MVD 30.36 ± 14.75 35.68 ± 17.81 1.35 0.178
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than TERT mutated group. (Table  5) The differences 
above were statistically significant (P < 0.05). (Fig. 2).

Comparisons of perfusion parameters, FPS and OS 
in the four molecular groups divided by the combined IDH/
TERT classification in WHO II-IV diffuse glioma
The results showed that the mean values of rCBV were 
statistically significant difference in the four molecular 
groups divided by the combined IDH/TERT classifica-
tion (P < 0.05). PS, however, had a value close to statistical 
significances (P = 0.057). (Table 6, Figs. 3 and 4) Moreo-
ver, the results showed that the FPS and OS were statisti-
cally significant difference in the four molecular groups 
(P < 0.05). (Fig. 5 and 6) IDHwt/TERTmut group had the 
highest rCBV and the worst FPS and OS, and IDHmut/
TERTmut group had the best FPS and OS. However, 
IDHmut/TERTwt group had the lower rCBV and higher 
rPS compared with IDHmut/TERTmut group.

Comparisons of perfusion parameters, FPS and OS 
in the four molecular groups divided by the combined 
MGMT/TERT classification in GBM
There were no statistically significant differences of 
the perfusion parameters in the four molecular groups 
divided by the combined MGMT/TERT classifica-
tion in GBM. (Supplementary Table  3) But the results 

showed that the FPS and OS were statistically signifi-
cant difference (P < 0.05). (Supplementary Fig. 1–2) The 
group with MGMT un-methylation and TERT muta-
tion (Group D) had the worst FPS and OS.

Discussion
This study was, to our knowledge, the first to analy-
sis perfusion parameters evaluated by combining IDH 
mutation status and MGMT methylation status and 
TERT mutation status in glioma gene detection results. 
Previous studies have found that there is a significant 
difference in CBV, PS between LGGs and HGGs [20–
22]. PCT parameters can relatively well distinguish 
patients with different histopathological grades of gli-
oma. This was consistent with the increase in glioma 
malignancy with the increase in tumor grades. How-
ever, histopathological grading of the tumor had con-
siderable limitations on distinguishing the malignancy 
of glioma. With the discovery and development of the 
genotyping methods of glioma pathological results, 
it had been proved that the genotyping results of gli-
oma can more accurately judge the malignant degree 
of tumors than the results of histopathological grad-
ing [23, 24]. In this study, PCT related parameters 
were used to investigate the genotyping of pathologi-
cal results based on the latest standards [16], hoping to 
provide more accurate biological markers for the diag-
nosis and treatment of glioma.

According to the literature, perfusion CT had sev-
eral advantages compared with MRI biomarkers [13, 
25, 26]: a. PCT was a widely available and cost effec-
tive neuroimaging method which was easy to perform 
on most new CT units. B. It required short scanning 
times, so it could be conducted without sedation, 
which was very important to the case of patients with 
severe symptoms, who were often uncooperative. C. 
The attenuation values and the contrast concentration 
of PCT were a more linear relationship and delivered a 
“superior quantitative accuracy” by providing absolute 

Table 4 The differences of perfusion parameters between MGMT methylation and MGMT un-methylation

* P<0.05

Perfusion parameters Methylation(n = 33)
(M ± SD)

Unmythylation(n = 13)
(M ± SD)

t/ Z P

rCBV 1.13 ± 0.48 1.36 ± 0.47 −1.15 0.142

rCBF 0.77 ± 0.38 1.29 ± 1.19 1.99 0.047*

rMTT 1.68 ± 0.72 1.56 ± 0.89 −1.04 0.300

rTTP 1.08 ± 0.11 1.06 ± 0.08 −0.79 0.428

rPS 1.26 ± 0.66 1.25 ± 0.32 0.48 0.634

MVD 33.41 ± 17.33 33.09 ± 15.15 − 0.03 0.980

Table 5 The differences of perfusion parameters between TERT-
mutant and TERT-wild-type

* P<0.05

Perfusion 
parameters

TERT-
mutant(n = 29)
(M ± SD)

TERT-
wildtype(n = 17)
(M ± SD)

t/ Z P

rCBV 1.26 ± 0.48 1.09 ± 0.49 1.16 0.251

rCBF 0.96 ± 0.83 0.84 ± 0.53 −0.876 0.381

rMTT 1.62 ± 0.68 1.69 ± 0.90 −0.292 0.772

rTTP 1.08 ± 0.08 1.06 ± 0.13 0.784 0.437

rPS 1.29 ± 0.67 1.20 ± 0.40 −0.148 0.882

MVD 37.40 ± 17.90 26.61 ± 11.69 2.209 0.033*
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quantitative values of the perfusion parameters. D. 
With only one acquisition, PCT provides access to the 
usual parameters (CBV, CBF, MTT) as well as the per-
meability data.

According to our research, IDH wild-type tumors 
had higher rCBV, which may be related to the signaling 

pathways about a distinct transcriptome signature 
induced by upregulation of tumor cell hypoxia, and 
angiogenesis [21]. The IDH gene may promote signals 
related to tumor cell hypoxia, blood vessels and angio-
genesis, accelerating the microangiogenesis of tumor 
cells. These signaling pathways are prerequisites for 

Fig. 2 The comparisons of tumor biology markers and perfusion parameters

Table 6 Comparisons of perfusion parameters in the four molecular groups divided by the combined IDH/TERT status in WHO II-IV 
glioma

Group A IDH wild-type-TERT mutated, Group B IDH wild-type-TERT wild-type, Group C IDH mutated-TERT mutated, Group D IDH mutated-TERT wild-type, * P<0.05

Perfusion
parameters

Group A
(n = 15)
(M ± SD)

Group B (n = 8)
(M ± SD)

Group C (n = 14)
(M ± SD)

Group D (n = 7)
(M ± SD)

F P

rCBV 1.45 ± 0.42 1.38 ± 0.46 1.05 ± 0.49 0.77 ± 0.40 4.962 0.005*

rCBF 1.14 ± 1.11 0.93 ± 0.60 0.77 ± 0.29 0.85 ± 0.52 0.603 0.617

rMTT 1.66 ± 0.83 1.82 ± 0.61 1.58 ± 0.51 1.20 ± 0.52 1.188 0.326

rTTP 1.08 ± 0.08 1.09 ± 0.09 1.09 ± 0.08 1.07 ± 0.14 0.081 0.970

rPS 1.56 ± 0.80 1.28 ± 0.31 1.01 ± 0.31 1.04 ± 0.49 2.729 0.057

MVD 39.96 ± 19.44 30.23 ± 14.81 31.29 ± 12.11 22.80 ± 7.86 2.229 0.101
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aggressive tumor behavior [27]. It may be related to 
the promotion of microvascular proliferation of tumor 
cells. Compared with IDH mutant gliomas, gliomas 
carrying the IDH wild-type gene are more aggressive.

The MGMT unmethylation glioma patients have 
higher rCBF in our study, which means the MGMT 
unmethylation glioma patients have more blood supply 
and faster blood flow in the tumor area. Previous findings 
showed that MGMT regulates angiogenesis in tumor 

cells by changing the levels of different vascular endothe-
lial growth factor receptors [6]. Ahn et al. [28] had found 
that  Ktrans of perfusion MRI is associated with MGMT 
methylation status in glioblastoma, which indicating that 
MGMT methylation may be involved in glioma-associ-
ated angiogenesis characterized by high endothelial per-
meability vasculatures. Our results are consistent with 
previous results on the effect of MGMT on the prognosis 
of patients with glioma. Whether the prognosis of glioma 

Fig. 3 41-year-old woman with Left frontotemporal DA, WHO grade II, IDH-mut, TERT-wt, MGMT-un-met. A Transverse CT image and ROIs in red 
points. B PCT CBV map. C PCT CBF map. D MTT map. E TTP map. F PS map. E MVD map

Fig. 4 45-year-old man with Left frontal-parietal-occipital GBM, WHO grade IV, IDH-wt, TERT-mut, MGMT-met. A Transverse CT image and ROIs in 
red points. B PCT CBV map. C PCT CBF map. D MTT map. E TTP map. F PS map. E MVD map



Page 8 of 10Wang et al. BMC Neurology          (2021) 21:460 

patients with MGMT methylation is related not only to 
temozolomide sensitivity, but also to the decrease of vas-
cular endothelial permeability needs further study. Glio-
mas with the TERT mutation had higher MVD compared 
with TERT wild-type in our study. This is consistent 
with the latest study in which TERT promoter mutations 
improved gene transcription and resulted in increased 
TERT mRNA levels, which leads to a corresponding poor 
prognosis in patients [8].

Due to tumor was regulated by different genes at 
the same time, our study firstly attempted to group a 
number of glioma genes with different tumor grades, 
and explore the difference of perfusion results, PFS, 
and OS between different groups. Previous study [20] 
had showed that IDHwt/TERTmut group has the worst 
FPS and OS, and IDHmut/TERTmut group had the 
best FPS and OS. Our results were consistent with it. 
Moreover, in our study, IDHwt/TERTmut group had 
the highest rCBV, and IDHmut/TERTwt group had 
the lower rCBV and higher rPS compared with IDH-
mut/TERTmut group, which may imply the IDH/TERT 
status and prognosis could be predicted by rCBV. In 
previous study [20, 29], CBV and PS reflected vascu-
lar density and vascular permeability, respectively, and 
therefore the two components of tumor neovascularity, 
which had an additive and not an exclusive effect on 
the prognosis of glioma. We speculated that the better 

prognosis of IDHmut/TERTmut group may be related 
to vascular permeability and other effects, which need 
to be further studied in a larger series of patients. There 
were no significant differences in the four molecular 
groups by grouping based on the combined MGMT/
TERT status in GBM. However, the PFS and OS showed 
statistically significant differences. The group with 
MGMT un-methylation and TERT mutation had the 
worst FPS and OS. Due to the samples were relatively 
small, this needed to be further studied in a larger 
series of patients with GBM.

Clinical implications
This study was, to our knowledge, the first to analysis 
perfusion parameters were evaluated by combining IDH 
mutation status and TERT mutation status in glioma 
gene detection results. The findings of our study were: 1) 
with the increase of glioma grade, rCBV, rMTT and rPS 
showed an increasing trend. 2) the rCBV and rPS of IDH 
mutated group were lower than IDH wild-type group. 3) 
the rCBF of MGMT methylation group were lower than 
un- methylation group. 4) In WHO II-IV diffuse glio-
mas, the rCBV was closely related to IDH combined with 
TERT status, and the higher rCBV could indicate the 
worse prognosis.

Study limitations
There were some limitations in our study. Firstly, the 
samples of this study were relatively small because rela-
tively few patients had perfusion CT scans, and which 
could result in a possible bias. Secondly, our study may 
have sampling bias becauses the the specimen might not 
have corresponded to the intended area of PCT map. 
Future studies should replicate this study in larger sam-
ples, and combined with the use of other advanced neu-
roimaging techniques.

Conclusions
To summarize, perfusion parameters of glioma maybe 
related to the degree of tumor malignancy and the status 
of IDH, MGMT and TERT. The rCBV maybe an impor-
tant predictive imaging marker of the combined IDH/
TERT status and prognosis in WHO II-IV diffuse glioma.
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AA: Anaplastic astrocytoma; AO: Anaplastic oligodendrogliom; CBF: Cerebral 
blood flow; CBV: Cerebral blood volume; clMPACT-NOW: Consortium to 
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Diffuse astrocytoma; GBM: Glioblastoma; IDH: Isocitrate dehydrogenase; 
KPS: Karnofsky performance status; MGMT: O6-methylguanine-DNA-meth-
yltransferase; MRI: Magnetic resonance imaging; MTT: Mean transition time; 
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Fig. 5 Comparisons of PFS in the four molecular groups divided by 
the combined IDH/TERT status in WHO II-IV diffuse glioma

Fig. 6 Comparisons of OS in the four molecular groups divided by 
the combined IDH/TERT status in WHO II-IV diffuse glioma
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