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Background: Telomerase reverse transcriptase promoter (pTERT) status is a strong biomarker to 
diagnose and predict the prognosis of glioblastoma (GBM). In this study, we explored the predictive value of 
preoperative magnetic resonance imaging (MRI) histogram analysis in the form of nomogram for evaluating 
pTERT mutation status in GBM. 
Methods: The clinical and imaging data of 181 patients with GBM at our hospital between November 
2018 and April 2023 were retrospectively assessed. We used the molecular sequencing results to classify the 
datasets into pTERT mutations (C228T and C250T) and pTERT-wildtype groups. FireVoxel software was 
used to extract preoperative T1-weighted contrast-enhanced (T1C) histogram parameters of GBM patients. 
The T1C histogram parameters were compared between groups. Univariate and multivariate logistic 
regression analyses were used to construct the nomogram, and the predictive efficacy of model was evaluated 
using calibration and decision curves. Receiver operating characteristic curve was used to assess model 
performance.
Results: Patient age and percentage of unenhanced tumor area showed statistically significant differences 
between the pTERT mutation and pTERT-wildtype groups (P<0.001). Among the T1C histogram features, 
the maximum, standard deviation (SD), variance, coefficient of variation (CV), skewness, 5th, 10th, 
25th, 95th and 99th percentiles were statistically significantly different between groups (P=0.000–0.040). 
Multivariate logistic regression analysis showed that age, percentage of unenhanced tumor area, SD and 
CV were independent risk factors for predicting pTERT mutation status in GBM patients. The logistic 
regression model based on these four features showed a better sample predictive performance, and the area 
under the curve (AUC) [95% confidence interval (CI)], accuracy, sensitivity, specificity were 0.842 (0.767–
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Introduction

The 2021 update of the fifth edition of the World Health 
Organization Classification of Tumors of the Central 
Nervous System (WHO CNS 5) (1) combines molecular 
typing with histological classification and simplifies the 
classification of adult diffuse gliomas. It highlights the 
importance of molecular typing in glioma classification, 
treatment, and prognosis. Glioblastoma (GBM), isocitrate 
dehydrogenase wildtype (IDH-wildtype) is the most common 
and aggressive primary malignant brain tumor in adults (2). 
The standard treatment is surgical resection, followed by 
radiotherapy and temozolomide chemotherapy (3). However, 
the 5-year recurrence rate after standardized treatment is as 
high as 90%. The median survival time is 15 months (4,5). 
The highly heterogeneous molecular expression of GBM 
leads to major differences in the treatment and prognosis of 
patients. 

Telomerase reverse transcriptase promoter (pTERT) 
mutations play a crucial role in the two stages of 
tumorigenesis in patients with glioma: they promote cell 
immortalization and genomic instability. pTERT status is 
a strong biomarker for predicting the prognosis of glioma, 
and pTERT mutations account for approximately 70–80% 
of GBM (6-8). WHO CNS 5 incorporates IDH-wildtype 
diffuse astrocytic tumors with pTERT mutation or EGFR 
gene amplification or +7/−10 chromosome copy number 
changes as criteria for a diagnosis of WHO 4 grade GBM 
(1,9). pTERT mutation status is currently integrated into 
GBM diagnostic procedures. It also strongly predicts 
disease progression in patients with GBM (10). Therefore, 
preoperative prediction of pTERT mutation status in GBM 
is useful for diagnosis and treatment decisions.

Based on the imaging criteria for Visually AcceSIble 
Rembrandt Images, no valid magnetic resonance imaging 

(MRI) biomarkers have been found to predict the pTERT 
mutation status in GBM (11). MRI histogram analysis 
compiles each voxel within the region of interest (ROI) into 
a histogram that can better elucidate tumor heterogeneity. 
Compared with the traditional ROI analysis method, it is 
more comprehensive, objective, and repeatable (12,13). 
MRI histogram analysis has been used to analyze glioma 
heterogeneity (14-17). However, the relationship between 
histogram parameters and pTERT mutation status in 
patients with GBM is currently unclear, and there are 
few relevant studies. This study aimed to investigate the 
predictive value of preoperative MRI histogram analysis 
for evaluating pTERT mutation status in GBM as well as 
establishing a logistic regression model nomogram, so as to 
provide objective guidance basis for individual treatment 
of patients. We present this article in accordance with the 
TRIPOD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-71/rc).

Methods

This study was performed in line with the principles of the 
Declaration of Helsinki (as revised in 2013) and approved 
by the Clinical Ethics Committee of Lanzhou University 
Second Hospital (No. 2020A-070). Individual consent for 
this retrospective analysis was waived.

Patients

According to the classification of 2021 WHO CNS 5, 
the clinical and imaging data for IDH-wildtype GBM 
patients in Lanzhou University Second Hospital between 
November 2018 and April 2023 were retrospectively 
collected. Inclusion criteria included: (I) no biopsy 

0.917), 0.796, 0.820, and 0.729, respectively. There were no significant differences in the T1C histogram 
parameters between the C228T and C250T groups (P=0.055–0.854).
Conclusions: T1C histogram parameters can be used to evaluate pTERT mutations status in GBM. A 
nomogram based on conventional MRI features and T1C histogram parameters is a reliable tool for the 
pTERT mutation status, allowing for non-invasive radiological prediction before surgery.
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or chemoradiotherapy was performed before MRI 
scan; (II) GBM was confirmed by histopathology and 
immunohistochemistry; (III) IDH-wildtype was confirmed 
by molecular detection. Exclusion criteria included: (I) The 
molecular states of IDH and telomerase reverse transcriptase 
(TERT) were not detected; (II) the MRI sequence was 
incomplete or the image quality was poor 1 week before 
surgery; (III) age <18 years. Finally, 181 patients were 
recruited in this study. The age ranged from 19 to  
79 years, with an average age of 53.38±11.68 years, 
including 91 males and 90 females. The inclusion and 
exclusion processes are shown in Figure 1.

Image acquisition

Patients underwent a head MR plain scan and enhanced 
scan using Siemens Verio 3.0 T MR scanner (Siemens AG, 
Henkestrasse 127, D-91052, Erlangen, Germany) in a 
supine position. The scanning parameters for T1-weighted 
imaging (T1WI) (gradient echo sequence) were as follows: 
repetition time (TR), 550 ms; echo time (TE), 11 ms; 
layer thickness, 5 mm; layer spacing, 1.5 mm; field of view 
(FOV), 260 mm × 260 mm; and matrix 256×256; and T2-

weighted imaging (T2WI) (turbo spin-echo sequence): TR, 
2,200 ms; TE, 96 ms; layer thickness, 5 mm; layer spacing, 
1.5 mm; FOV 260 mm × 260 mm; and matrix 256×256. 
T1W1 enhanced scan was performed in the axial, sagittal, 
and coronal views. The Gd-DTPA (Bayer Schering Pharma 
AG, Berlin, Germany) (/kg) was used as the contrast agent. 
Intravenous bolus injection rate was 0.1 mmol/kg and flow 
rate was 3.0 mL/s; the corresponding scanning parameters 
were the same of those of a plain scan.

Molecular analysis

Genomic deoxyribonucleic acid (DNA) was extracted from 
the sections containing many tumor cells that were scraped 
from paraffin-embedded tissue slides. DNA concentration 
and purity were measured by a ND8000 spectrophotometer 
(NanoDrop Technologies, Wilmington, DE, USA). The 
molecular states IDH and TERT were detected by direct 
sequencing. Sequences covering the mutational hotspots in 
the TERT core promoter [nucleotide numbers 1,295,228 
(C228T) and 1,295,250 (C250T) from the human reference 
sequence (GRCh37 February 2009; http://genome.ucsc.
edu/), were amplified by nested Polymerase Chain Reaction. 

289 patients were diagnosed with 
glioblastoma pathologically in our institution 

from November 2018 to April 2023

259 patients were diagnosed with 
glioblastoma, IDH-wildtype 

No IDH molecular detection
n=30

Excluded

198 patients were diagnosed with 
glioblastoma, IDH-wildtype, and molecular 

states of TERT were performed  

No TERT molecular detection
n=61

Excluded

183 patients were diagnosed with 
glioblastoma, IDH-wildtype, and molecular 

states of TERT were performed, and all 
patients had complete MRI sequences

Incomplete MRI sequence; 
the imaging was unclear and 

the artifacts were obvious
n=15

Excluded

181 patients were finally included

<18 years old
n=2

Excluded

Figure 1 Flowchart of the patient selection process. IDH, isocitrate dehydrogenase; TERT, telomerase reverse transcriptase; MRI, magnetic 
resonance imaging.

http://genome.ucsc.edu/
http://genome.ucsc.edu/
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Accordingly, we used molecular sequencing results to 
classify the datasets into pTERT mutation (C228T and 
C250T) and pTERT-wildtype groups.

Image analysis

All patients were independently analyzed in a blinded 
fashion by two experienced neuroradiologists (X.K. 
and Q.Z. with 10 and 5 years of brain MRI experience, 
respectively). Tumor maximal diameter, peritumoral edema 
maximal length, percentage of peritumoral edema, across 
the midline, multifocal lesion, margin (clear/fuzzy) and 
percentage of unenhanced tumor area were recorded. 

Two neuroradiologists imported images in the Dicom 
format into the freely available software package FireVoxel 
(current version: 416C, NYU School of Medicine, NY, 
https://firevoxel.org/). Then select the largest layer of 
the tumor. Based on the T1WI and T2WI images, two 
neuroradiologists manually mapped all 181 GBM of axial 
T1-weighted contrast-enhanced (T1C) tumor areas as the 
regions of interest (ROI), excluding peritumoral oedema. 
Considering the effect of partial volume effects, the ROI 
outlined area was slightly smaller than the visible tumor 
boundary. The ROI encompassed all tumor information 
at the largest lesion slice, including necrosis and cystic 
differentiation. Then the software automatically generated a 
grayscale histogram of the ROI. Examples of the histogram 
ROI and parameters were shown in Figures 2-4, the ROI was 
filled with red. Histogram analysis was performed using the 
largest slices to obtain the following histogram parameters: 
maximum, minimum, mean, standard deviation (SD), 
variance, coefficient of variation (CV), skewness, kurtosis, 
entropy, and 1st–99th percentiles. 

Statistical analysis

Statistical analysis was performed in SPSS 25.0 (IBM 
Corporation, Armonk, NY, USA) and R Software (version 
4.2.3; http://www.rproject.org). The concordance of 
histogram parameters measured by two radiologists was 
examined by intra-class correlation coefficient (ICC) 
analysis. An ICC value >0.75 indicated good agreement. 
The χ2 test was used to analyze categorical variables. The 
Kolmogorov-Smirnov test was used to check whether 
the variables conformed to normal distribution. Two 
independent sample t-test was used for comparison between 
groups in case of normal data distribution; otherwise, 
the Mann-Whitney U test was used. A P value <0.05 was 

considered statistically significant. The predictive models 
for pTERT mutation status were constructed using logistic 
regression, and a nomogram was generated. Calibration and 
decision curves were constructed to evaluate the consistency 
and clinical availability of the predictive model in relation 
to the actual probability. A receiver operating characteristic 
(ROC) analysis was used to evaluate the differential 
diagnosis ability of nomogram in the area under the curve 
(AUC). 

Results

Patient grouping

pTERT mutations were observed in 122/181 (67.4 %) of all 
GBM analysed. Of these, 98 cases (80.3%) had a C228T 
mutation, and 24 cases (19.7%) had a C250T mutation.

The average age of pTERT mutation group was 57±9 years,  
and the average age of pTERT-wildtype group was 46±14 years.  
It indicated that the age were significantly older in pTERT 
mutation group than in pTERT-wildtype group (P<0.001). 
The average percentage of unenhanced tumor area of 
pTERT mutation group was 0.37±0.18, and the average 
percentage of unenhanced tumor area of pTERT-wildtype 
group was 0.19±0.19. It indicated that the percentage 
of unenhanced tumor area were significantly greater in 
pTERT mutation group than in pTERT-wildtype group 
(P<0.001). The clinicopathologic characteristics and 
conventional MRI features of patients in different subtypes 
are shown in Table 1.

 

Histogram analysis for differentiating pTERT status in GBM

In this study, ICCs for T1C histogram parameters 
calculated by the two observers ranged from 0.84 to 0.92. 

Typical cases are shown in Figures 2-4. Table 2 shows 
the results of T1C histogram parameter analysis in both 
groups. There were significant between-group differences 
in the maximum, SD, variance, CV, skewness, 5th, 10th, 
25th, 95th and 99th percentiles (P=0.000–0.040); however, 
there were no significant between-group differences in the 
minimum, mean, kurtosis, entropy, as well as the 1st, 50th, 
75th and 90th (P=0.115–0.856). 

Multivariate logistic regression and nomogram

Multivariate logistic regression analysis of age, percentage 
of unenhanced tumor area and T1C histogram parameters 

http://www.rproject.org).
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A B

C

Figure 2 Forty-one-year-old male patient with a diagnosis of pTERT wildtype glioblastoma. (A) The T1C map shows solid tumor with 
minimal necrosis and obvious enhancement. (B) The ROI was filled with red for obtaining the T1C histogram. (C) The T1C histogram 
of the tumor mass. The T1C histogram parameter values were as follows: minimum, 121; maximum, 911; mean, 489; SD, 133; variance, 
1.75; CV, 2.71; skewness, −7.11; kurtosis, 3.93; entropy, 4.12; Perc.01, 142; Perc.05, 192; Perc.10, 305; Perc.25, 422; Perc.50, 505; Perc.75, 
584; Perc.90, 641; Perc.95, 670; Perc.99, 722. ROI, regions of interest; 3D, three-dimensional; MPR, multiplanar reconstruction; pTERT, 
telomerase reverse transcriptase promoter; T1C, T1-weighted contrast-enhanced; SD, standard deviation; CV, coefficient of variation.
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A B

C

Figure 3 Fifty-five-year-old female patient with a diagnosis of pTERT mutant (C250T) glioblastoma. (A) The T1C map shows cystic changes 
within the tumor, with obvious enhancement of the cyst wall. (B) The ROI was filled with red for obtaining the T1C histogram. (C) The 
T1C histogram of the tumor mass. The T1C histogram parameter values were as follows: minimum, 368; maximum, 5,903; mean, 1,221; SD, 
877; variance, 76.87; CV, 7.18; skewness, 2.08; kurtosis, 4.04; entropy, 3.17; Perc.01, 574; Perc.05, 641; Perc.10, 672; Perc.25, 726; Perc.50, 
808; Perc.75, 1,340; Perc.90, 2,607; Perc.95, 3,145; Perc.99, 4,469. ROI, region of interest; 3D, three-dimensional; TRA, transverse; pTERT, 
telomerase reverse transcriptase promoter; T1C, T1-weighted contrast-enhanced; SD, standard deviation; CV, coefficient of variation.
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A B

C

Figure 4 Seventy-year-old male patient with a diagnosis of pTERT mutant (C228T) glioblastoma. (A) The T1C map shows that the tumor is 
cystic and solid, with obvious enhancement. (B) The ROI was filled with red for obtaining the T1C histogram. (C) The T1C histogram of the 
tumor mass. The T1C histogram parameter values were as follows: minimum, 120; maximum, 1,218; mean, 468; SD, 256; variance, 6.53; CV, 
5.47; skewness, 7.03; kurtosis, −5.06; entropy, 4.26; Perc.01, 161; Perc.05, 177; Perc.10, 193; Perc.25, 235; Perc.50, 419; Perc.75, 641; Perc.90, 
860; Perc.95, 972; Perc.99, 1,091. ROI, regions of interest; 3D, three-dimensional; MPR, multiplanar reconstruction; pTERT, telomerase 
reverse transcriptase promoter; T1C, T1-weighted contrast-enhanced; SD, standard deviation; CV, coefficient of variation.
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Table 1 The clinicopathologic characteristics and conventional MRI features for pTERT mutation status in glioblastoma

Parameter pTERT mutation (n=122) pTERT-wildtype (n=59) P value

Age (years) 56 [51, 63] 49 [33, 55] <0.001*

Gender 0.169

Male 57 34

Female 65 25

Maximal diameter (mm)a 46.07±14.21 45.05±14.28 0.653

Peritumoral edema maximal length (mm) 20.96 [14.88, 29.35] 18.48 [11.34, 31.00] 0.607

Percentage of peritumoral edema (%) 44.83 [28.43, 72.82] 37.14 [22.03, 67.07] 0.960

Across the midline 0.223

Yes 18 13

No 104 46

Multifocal lesion 0.386

Yes 32 12

No 90 47

Margin 0.211

Clear 48 29

Fuzzy 74 30

Percentage of unenhanced tumor area (%) 36.63 [23.97, 51.28] 12.83 [5.13, 24.66] <0.001*

Ki67 (%) 40.00 [30.00, 51.25] 50.00 [30.00, 60.00] 0.446

p53 0.173

Wildtype 53 32

Mutation 69 27
a, data conformed to normal distribution, data were presented as mean ± standard deviation, other data were presented as median 
[interquartile range] or number. *, indicates P<0.05. pTERT, telomerase reverse transcriptase promoter; MRI, magnetic resonance imaging.

showed that age, percentage of unenhanced tumor area, 
SD and CV were independent risk factors for predicting 
pTERT mutation status in GBM patients (Table 3). Based 
on these results, we generated an individualized nomogram 
to predict pTERT mutation status in patients with GBM 
using four independent risk factors (Figure 5). The logistic 
regression model based on four features, age, percentage 
of unenhanced tumor area, SD and CV, showed a better 
sample predictive performance. The calibration curve 
exhibited favorable agreement between the model’s 
predicted probability and actual probability (Figure 6). The 
decision curve revealed that the prediction model exhibited 
favorable clinical availability (Figure 7). The AUC, accuracy, 
sensitivity, specificity were 0.842, 0.796, 0.820, and 0.729, 

respectively (Table 4, Figure 8).
  

Histogram analysis for differentiating C228T and C250T

There were no statistically significant differences in T1C 
histogram parameters between C228T and C250T groups 
(P=0.055–0.854) (Table 5). 

Discussion 

This study showed that the model based on these four 
features: age, percentage of unenhanced tumor area, and 
T1C histogram parameters, including the SD and CV, 
have good predictive performance for pTERT mutation 
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Table 2 T1C histogram parameters between pTERT mutation and pTERT-wildtype in glioblastoma

Parameter pTERT mutation (n=122) pTERT-wildtype (n=59) P value

Maximum 955.00 (792.00, 1,160.50) 830.00 (602.00, 1,008.00) 0.005*

Minimum 137.50 (78.75, 172.50) 146.00 (93.00, 179.00) 0.470

Mean 433.71 (320.66, 514.92) 438.89 (355.49, 512.47) 0.832

SD 166.37 (125.42, 202.13) 127.29 (91.30, 159.85) <0.001*

Variance 2.77 (1.57, 4.08) 1.62 (0.83, 2.55) <0.001*

CVa 4.21±1.35 2.97±1.14 <0.001*

Skewnessa 4.66±6.14 2.23±5.87 0.014*

Kurtosis −3.70 (−7.83, 2.43) −1.69 (−6.30, 3.60) 0.150

Entropy 4.21 (4.02, 4.30) 4.21 (4.06, 4.31) 0.856

Perc.01 169.00 (115.75, 213.25) 195.00 (140.00, 254.00) 0.132

Perc.05 195.50 (141.50, 254.25) 239.00 (172.00, 304.00) 0.021*

Perc.10 217.00 (154.50, 292.25) 273.00 (191.00, 348.00) 0.019*

Perc.25 272.00 (206.75, 384.75) 357.00 (252.00, 413.00) 0.040*

Perc.50 414.00 (282.50, 517.25) 451.00 (305.00, 508.00) 0.610

Perc.75 530.50 (425.00, 665.50) 539.00 (447.00, 620.00) 0.447

Perc.90 630.00 (512.00, 783.75) 609.00 (482.00, 702.00) 0.115

Perc.95 697.50 (571.50, 850.50) 654.00 (521.00, 762.00) 0.037*

Perc.99 847.00 (686.25, 964.50) 738.00 (565.00, 860.00) 0.005*
a, data conformed to normal distribution, data were presented as mean ± standard deviation, other data were presented as median 
(interquartile range). *, indicates P<0.05. T1C, T1-weighted contrast-enhanced; pTERT, telomerase reverse transcriptase promoter; SD, 
standard deviation; CV, coefficient of variation.

Table 3 Multivariate logistic analysis for distinguishing pTERT mutation status in glioblastoma

Parameter z value P value OR (95% CI)

Age 3.723 <0.001 3.000 (1.784–5.045)

Percentage of unenhanced tumor area 2.973 0.003 1.764 (1.428–2.180)

Maximum 0.492 0.623 1.001 (0.996–1.007)

SD −1.693 0.002 1.109 (1.039–1.183)

Variance 0.820 0.412 1.025 (1.003–1.047)

CV 1.607 0.012 2.319 (1.680–3.202)

Skewness −1.225 0.167 0.772 (0.709–1.287)

Perc.05 −1.176 0.239 0.984 (0.957–1.011)

Perc.10 −0.074 0.941 0.999 (0.966–1.033)

Perc.25 −0.770 0.442 0.991 (0.969–1.014)

Perc.95 0.707 0.480 1.013 (0.978–1.048)

Perc.99 1.484 0.138 1.014 (0.996–1.032)

pTERT, telomerase reverse transcriptase promoter; OR, odds ratio; CI, confidence interval; SD, standard deviation; CV, coefficient of 
variation.
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Figure 5 The nomogram for distinguishing pTERT mutation status in glioblastoma. The nomogram was constructed combining the age, 
percentage of unenhanced tumor area and T1C histogram parameters, including the SD and CV. SD, standard deviation; CV, coefficient of 
variation; pTERT, telomerase reverse transcriptase promoter; T1C, T1-weighted contrast-enhanced.
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Ideal represents a better prediction. pTERT, telomerase reverse 
transcriptase promoter.
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Figure 7 Decision curve analysis of logistic regression model 
nomogram. The x-axis indicates the threshold probability, and 
the y-axis indicates the net benefit. The gray line represents the 
hypothesis that all patients are with pTERT mutation, the black 
line represents the hypothesis that all patients are with pTERT-
wildtype, and the red lines represent the logistic regression model 
nomogram. pTERT, telomerase reverse transcriptase promoter.

Table 4 Comparison of each risk factor for distinguishing pTERT mutation status in glioblastoma

Risk factors AUC (95% CI) Accuracy Sensitivity Specificity

Age 0.734 (0.651–0.817) 0.696 0.697 0.695

Percentage of unenhanced tumor area 0.780 (0.702–0.858) 0.773 0.803 0.712

SD 0.706 (0.629–0.784) 0.613 0.508 0.831

CV 0.775 (0.702–0.848) 0.779 0.803 0.729

Nomogram 0.842 (0.767–0.917) 0.796 0.820 0.729

pTERT, telomerase reverse transcriptase promoter; AUC, area under the curve; CI, confidence interval; SD, standard deviation; CV, 
coefficient of variation.
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Figure 8 ROC curve analysis of nomogram to distinguish between 
the pTERT mutation and pTERT-wildtype groups. The AUC of 
nomogram was 0.842 (0.767–0.917). AUC, area under the curve; 
CI, confidence interval; ROC, receiver operating characteristic; 
pTERT, telomerase reverse transcriptase promoter.

Table 5 T1C histogram parameters between C228T and C250T mutation in glioblastoma

Parameter C228T (n=98) C250T (n=24) P value

Maximum 944.50 (794.25, 1,160.50) 993.00 (762.50, 1,189.25) 0.854

Minimum 137.50 (77.50, 170.25) 131.00 (104.00, 203.25) 0.473

Mean 425.34 (318.26, 511.58) 449.89 (334.35, 598.24) 0.374

SD 161.62 (125.42, 200.69) 169.25 (123.41, 207.95) 0.553

Variance 2.61 (1.57, 4.03) 2.86 (1.52, 4.32) 0.553

CV 4.08 (3.37, 5.17) 4.03 (3.47, 5.14) 0.802

Skewness 5.16 (0.43, 9.30) 2.73 (0.50, 7.21) 0.310

Kurtosis −3.10 (−7.40, 3.58) −7.50 (−9.35, 0.45) 0.055

Entropy 4.20 (4.00, 4.30) 4.27 (4.15, 4.32) 0.162

Perc.01 169.00 (114.75, 206.75) 172.00 (132.50, 262.25) 0.465

Perc.05 193.00 (139.50, 247.00) 199.00 (146.00, 306.75) 0.577

Perc.10 213.50 (154.50, 289.75) 226.50 (154.25, 330.75) 0.652

Perc.25 267.50 (206.75, 381.75) 327.00 (211.50, 402.00) 0.369

Perc.50 410.50 (263.75, 516.25) 457.00 (337.25, 588.25) 0.216

Perc.75 530.50 (424.25, 649.25) 548.00 (434.25, 755.75) 0.434

Perc.90 625.00 (511.50, 780.00) 655.50 (542.25, 854.75) 0.606

Perc.95 687.00 (567.00, 847.00) 710.00 (593.00, 922.25) 0.591

Perc.99 847.00 (690.50, 964.50) 827.50 (670.50, 1038.00) 0.730

Data are presented as median (interquartile range). T1C, T1-weighted contrast-enhanced; SD, standard deviation; CV, coefficient of 
variation.

status in patients with GBM. A logistic regression model 
nomogram based on conventional MRI features and T1C 
histogram parameters may be a useful tool for non-invasive 
identification of the pTERT status in patients with GBM.

In human cells, telomerase repression or shorter 
telomeres prevent uncontrolled cellular proliferation (18). 
The repression of telomerase is mainly achieved by 
transcriptional inhibition of its catalytic component, TERT 
gene. pTERT mutations may contribute to multi-cancer 
hallmarks via telomere lengthening (8). The Consortium to 
Inform Molecular and Practical Approaches to CNS Tumor 
Taxonomy (cIMPACT-NOW) Update 3 recommended that 
there is no difference in overall survival between GBM and 
WHO grade 2 and 3 IDH-wildtype diffuse astrocytic glioma 
containing a pTERT mutation. Lower grade gliomas with 
pTERT mutations have the molecular features of WHO 
4-grade tumors (19-21). This is also the premise behind 
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telomerase-targeted therapies effectively treating this fatal 
malignancy (22). Therefore, GBM with pTERT mutations 
has an influence on classification and prognosis.

Among the patients in our study, about 70% had pTERT 
mutations, basically consistent with the overall incidence of 
pTERT mutations. Meanwhile, the C228T mutation was 
the most prevalent cancer-associated pTERT variant in our 
study, consistent with reported findings (23,24). In addition, 
previous studies have shown that the frequency of pTERT 
mutations increases with age in IDH-wildtype diffuse 
gliomas, and glioma prognosis is related to age at diagnosis 
(7,25-27). Therefore, age could have some influence 
on TERT mutation frequency. Our results showed that 
patients with pTERT mutations were significantly older 
than those with pTERT-wildtype. Our results are consistent 
with those reported in the literature and indicate that our 
data have strong clinical applicability.

Cells with the pTERT mutation have longer telomeres, 
which inhibit replicative aging caused by telomere erosion 
in normal cells. These cells have the potential to become 
immortal and continuously proliferate (28). The growth 
mode of pTERT mutation tumors is mainly reflected in their 
malignant proliferative potential. It is often accompanied by 
necrosis, high cell density, hemorrhage, angiogenesis, and 
other tumor heterogeneity characteristics (29). Histogram 
features can reflect tumor heterogeneity by the distribution 
of gray-level frequency in a given ROI (30). It can provide 
multiple histogram feature parameters for quantitative 
analysis and is related to the malignant degree of tumor and 
the survival of patients (31,32). Compared with traditional 
ROI methods, analysis of the pTERT mutation status of 
GBM using histogram feature parameters can reflect the 
internal heterogeneity of the tumor more comprehensively, 
and the reproducibility is strong. In addition, T1C is a 
routine MRI sequence that is widely used for the diagnosis 
of brain tumors. The T1C sequence can clarify the contour 
of the lesion and provide more information regarding the 
internal heterogeneity of the tumor following enhanced 
contrast agent injection (33). Xue et al. (14) thoroughly 
evaluated the level of tumor-infiltrating CD8+ T cells in 
GBM using T1C histogram analysis and concluded that the 
parameters of the T1C histogram could accurately reflect 
tumor heterogeneity in GBM. In our study, the maximum 
level of the tumor was used as the delineated area of ROI, 
which not only contained as much comprehensive tumor 
information as possible, but was more convenient and 
easier to apply in daily clinical work than 3D whole tumor 

histogram analysis. Therefore, it is feasible to analyze 
the pTERT mutation status of GBM by using the T1C 
histogram parameters.

In our study, the histogram feature parameters SD 
and CV better distinguished the pTERT mutation group 
from the pTERT-wildtype group. Research found that 
the irregularity of contrast enhancing areas could predict 
survival in GBM patients (34). Therefore, we compared 
the percentage of unenhanced tumor area between the 
pTERT mutation group and the wildtype group on T1C 
images. We found that the proportion of unenhanced 
tumor area at the largest tumor level in the mutation group 
was significantly higher than that in the wildtype group. 
The unenhanced area of the tumor was usually necrosis/
cystic changes, indirectly reflecting that the tumor area 
of pTERT mutation group was more prone to necrosis/
cystic changes, this conclusion is consistent with that of 
Yamashita et al. (26). The necrosis/cystic changes in the 
GBM on T1C usually manifest as an unenhanced area, 
and its gray level is significantly different from that of the 
surrounding enhanced area. In addition, the histogram 
feature can reflect the gray level information of each pixel, 
and the SD and CV in the histogram feature parameter 
usually represents the fluctuation size of the histogram. The 
greater the SD and CV, the more mixed and uneven the 
MRI signal (35,36). Previous studies have also found that 
SD should be evaluated as a potential biomarker of GBM 
aggressiveness (37). This may explain why the SD and CV 
in the pTERT mutation group was significantly higher than 
that in the wildtype group. Moreover, necrosis might be 
more common in patients with pTERT mutations, possibly 
related to the fact that the pTERT mutation promotes the 
malignant proliferation of cells more vigorously, resulting 
in insufficient nutrient supply and cell necrosis at the center 
of the lesion.

The present study was first limited by its retrospective 
and single-center design. Further data will be collected in 
the future to validate the nomogram, thereby increasing the 
generalizability of our study results. Second, the data for the 
pTERT-wildtype and C250T mutations were smaller than 
those for the C228T mutation; this may have caused data 
bias. However, this dataset is consistent with the incidence 
of GBM pTERT mutations and their subtypes and is more 
in line with real-world scenarios. Third, we will attempt to 
use multimodal MRI indicators, including diffusion tensor 
imaging, diffusion kurtosis imaging, and perfusion-weighted 
imaging, in the future.
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Conclusions

In conclusion, the present study confirmed the predictive 
value of preoperative T1C histogram analysis for evaluating 
pTERT mutations status in GBM. A nomogram based on 
conventional MRI features and T1C histogram parameters 
is a reliable tool for the pTERT mutation status, allowing 
for non-invasive radiological prediction before surgery.
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