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Abstract

Objectives An easy-to-implement MRl model for predicting partial response (PR) postradiotherapy for diffuse intrinsid
pontine glioma (DIPG) is lacking. Utilizing quantitative T2 signal intensity and introducing a visual evaluation method
based on T2 signal intensity heterogeneity, and compared MRI radiomic models for predicting radiotherapy response
in pediatric patients with DIPG.

Methods We retrospectively included patients with brainstem gliomas aged < 18 years admitted between July 2011
and March 2023. Applying Response Assessment in Pediatric Neuro-Oncology criteria, we categorized patients into PR
and non-PR groups. For qualitative analysis, tumor heterogeneity vision was classified into four grades based on T2-
weighted images. Quantitative analysis included the relative T2 signal intensity ratio (rT2SR), extra pons volume ratio,
and tumor ring-enhancement volume. Radiomic features were extracted from T2-weighted and T1-enhanced images
of volumes of interest. Univariate analysis was used to identify independent variables related to PR. Multivariate logistic
regression was performed using significant variables (p < 0.05) from univariate analysis.

Results Of 140 patients (training n = 109, and test n = 31), 64 (45.7%) achieved PR. The AUC of the predictive model
with extrapontine volume ratio, rT2SRmax-min (rT2SRyj), and grade was 0.89. The AUCs of the T2-weighted and T1WI-
enhanced models with radiomic signatures were 0.84 and 0.81, respectively. For the 31 DIPG test sets, the AUCs were
0.91, 0.83, and 0.81, for the models incorporating the quantitative features, radiomic model (T2-weighted images, and
T1W1-enhanced images), respectively.

Conclusion Combining T2-weighted quantification with qualitative and extrapontine volume ratios reliably predicted
pediatric DIPG radiotherapy response.
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Clinical relevance statement Combining T2-weighted quantification with qualitative and extrapontine volume
ratios can accurately predict diffuse intrinsic pontine glioma (DIPG) radiotherapy response, which may facilitate
personalized treatment and prognostic assessment for patients with DIPG.

Key Points

* Early identification is crucial for radiotherapy response and risk stratification in diffuse intrinsic pontine glioma.
* The model using tumor heterogeneity and quantitative T2 signal metrics achieved an AUC of 0.91.
* Using a combination of parameters can effectively predict radiotherapy response in this population.

Keywords Diffuse intrinsic pontine glioma, Magnetic resonance imaging, Child, Radiotherapy

Introduction

Diffuse intrinsic pontine glioma (DIPG) is an aggressive
malignant childhood brainstem tumor with a median
overall survival of less than 1 year [1, 2]. The location of
these tumors in an eloquent brain region and their infil-
trative growth pattern preclude surgical resection.
Radiation therapy, the standard of care [3], can prolong
the survival by 3- to 4-months [4, 5]; however, che-
motherapy does not prolong the survival in patients with
DIPG. Although our understanding of DIPG continues to
expand, the diagnosis is based on characteristic radi-
ological and clinical features without routine histopatho-
logical corroboration. Recently, mutations in genes
encoding histones H3F3A and HIST1H3B have been
found to be the main feature of DIPG, and DIPG has been
rated as a grade IV brain tumor by WHO because of
highly aggressive behavior and poor prognosis [6]; In the
2021 WHO classification, diffuse midline gliomas H3
K27M-mutant were renamed to diffuse midline gliomas
H3 K27-altered [7].

The baseline imaging features associated with worse
overall survival (OS) include large size, necrosis, ring
enhancement, diffusion restriction, extension of extra-
pontine lesions, and distant disease [1, 8, 9]. However,
these data have not helped in making initial treatment
decisions for DIPG. Patients with better responses to
radiotherapy have longer OS [9-11]. Further, the impor-
tance of biopsy and thorough molecular research for some
patients with radioresistant DIPG have been emphasized.
Provide potential possibilities for targeted therapy or
intratumoral infusion administration to achieve survival
benefits for patients with radioresistant DIPG [12-15].
DIPG patients with better responses to radiotherapy may
be a potential candidate to be treated with increased
effective biological dose of radiotherapy [16]. With the
increasing frequency of reirradiation in DIPG at first
progression [17], patients with an initial radiotherapy
response are most likely to benefit from it [18]. Therefore,
early identification of the radiotherapy response to DIPG
and clinical risk stratification are crucial.

Patients with wild-type TP53 (TP53% ") respond well to
radiation therapy [18]. However, this hypothesis has not

yet been confirmed. One study showed that patients with
the T2-fluid-attenuated inversion recovery (FLAIR) mis-
match sign showed good radiation response [16]. How-
ever, the cited study also had some limitations, including
the small number of patients from whom clear conclu-
sions could not be drawn and the lack of magnetic reso-
nance (MR) image heterogeneity analysis. Furthermore,
T2-weighted images were superior to other MR image
types in determining DIPG intratumoral heterogeneity
[19].

Therefore, this study aimed to use quantitative T2 signal
intensity to develop a visual evaluation method based on
T2 signal intensity heterogeneity and compare the use of
MRI (T2-weighted and T1WI-enhanced) radiomic mod-
els to predict radiotherapy response in pediatric patients
with DIPG.

Materials and methods

The institutional review committee of our center
approved this retrospective study and waived the
requirement for informed consent.

Study patients
We retrospectively included patients with brainstem
gliomas aged < 18 years who were admitted between July
2011 and March 2023. The exclusion criteria were as
follows: (a) Less than 50% pontine involvement; (b) WHO
grade 1 glioma, (c) Incomplete conventional radiation
therapy at a dose of 54 Gray (Gy); (d) Unavailable or
incomplete baseline or post-radiotherapy information. All
the patients received a conventional radiation dose of
54 Gy in 30 fractions. For independent validation, patients
admitted before October 2021 were assigned to the
training set, and subsequent patients were assigned to the
testing set.

All patients underwent brain MRI in the 3 weeks before
and 4—6 weeks after the radiotherapy. OS was defined as
the time from the date of diagnosis to the date of death.

MRI parameters
MR images were obtained using a 3.0-T or 1.5-T MR
scanner. All MRI examinations included axial T2WI,
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T2-FLAIR, T1W]I, sagittal T1WI, and contrast-enhanced
T1WI. Details are provided in Supplementary Table 1.

Clinical variables

Clinical information on sex, age, DIPG diagnosis time,
and Karnofsky performance status at diagnosis and after
radiotherapy, was obtained from the patients’ medical
records.

Neuroimaging Analysis
All MR scans were reviewed by three observers (with 15, 7,
and 9 years of radiology imaging experience), who were
blinded to the patient’s history. The mean of the observer’s
measurements was used as the final value for each quan-
titative parameter. Qualitative parameters were first inde-
pendently reviewed by two observers (with seven and nine
years of radiology imaging experience), who were blinded
to the results of the other observers. If there were
discrepancies in the results, another observer with 15 years
of radiology imaging experience made the judgment.
T2-weighted or FLAIR sequences can be used to mea-
sure the tumor diameter [20]. Tumor volume and 2D
products of perpendicular diameters were measured using
axial T2-FLAIR combined with sagittal T1WI images.
MRI data were loaded using RadiAnt DICOM Viewer
(Medixant; RadiAnt DICOM Viewer Software, Version
2021.1; https://www.radiantviewer.com) on June 27, 2021.
Volume measurement (including total tumor, pons, and
ring enhancement) was performed using 3D Slicer (http://
www.slicer.org), as described by Makepeace et al [21]. For
pontine tumor volume, the upper boundary was the
midbrain; the lower boundary was the medulla oblongata;
and the boundaries of both sides were the brachium
pontis. The measurement details are shown in Fig. 1la—f.
The extrapontine tumor volume was calculated as the
total tumor volume minus the pontine tumor lesion
volume.

T2 signal intensity ratio

Eight or more circular region of interests (ROIs;
10-20 mm?) were placed on the solid component (mul-
tiple random larger layers) of the tumor. We plotted a
large ROI to cover the largest tumor axial cross-section
while avoiding areas of bleeding and necrosis. The mini-
mum, mean, and maximum values of the T2 signal
intensity (T2SI) were obtained. A large ROI was placed in
the normal-appearing gray matter of the temporal lobe, as
shown in Fig. 1g, h. T2SI,ax_min Was designated as T2SI ;.
Finally, we normalized the T2SIin, T2SIhax T2SImeans
and T2SIg to the normal-appearing gray matter in the
temporal lobe to obtain the relative minimum T2 signal
intensity ratio (T2SR), maximum T2SR, mean T2SR, and
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max—min T2SR values (rT2SRpmin, 'T2SRmaxs FT2SRmeans
and rT2SRyj).

Morphologic assessment

Ring enhancement: A contrast-enhanced T1-weighted
image surrounds high signal intensity. Necrosis: An area
in a tumor with clear boundaries and liquid-like signals;
contrast enhancement mainly represented ring enhance-
ment. T2-FLAIR mismatches were specified as described
by Lasocki et al [22]. Examples of the different morpho-
logical features of DIPG are shown in Fig. li-1. We
visually evaluated the heterogeneity of T2 signal intensity
and divided it into four grades, as shown in Fig. 2a. To
verify the visual grading of internal tumor heterogeneity,
we used Image] software (https://imagej.net), and the
grading was evaluated by adjusting the image threshold.
The largest tumor axial cross-section was selected, and
the heterogeneity ratio was calculated as the proportion of
the area of relatively low signal intensity to the total area
of the entire layer, as shown in Fig. 2b.

MRI radiomic analysis

Radiomic feature extraction

3D Slicer (http://www.slicer.org) was used by two obser-
vers (with seven and nine years of radiology imaging
experience,) for the semi-automatic segmentation of the
entire tumor area. Segmentation and subsequent feature
extraction were performed using baseline MRI.

Features extraction, selection, and model building

The radiomic features of T2-weighted and T1-enhanced
images were extracted using Pyradiomics, an open-source
Python package. These features included (1) first-order
statistics (n =252), (2) shape (n=14), and (3) texture-
based statistics (n=1013), including gray-level co-
occurrence matrix (GLCM, n = 336), gray-level size-zone
matrix (GLSZM, n =208), gray-level run-length matrix
(GLRLM, #n=208), gray-level dependence matrix
(GLDM, n =196), and neighboring gray tone difference
matrix (NGTDM, n=65). All features were Z-score-
normalized.

Features characterized by reproducibility between the
outputs provided by the observers were used, whereas
features with intraclass correlation coefficients (ICCs) <
0.75 were excluded. Subsequently, the least absolute
shrinkage and selection operator (LASSO) algorithm was
used to select the optimal features from the training set.
Two models were constructed using features from the T2-
weighted images (T2-weighted model) and T1-enhanced
images (T1-weighted model). Finally, the radiomic scoring
formula for the training set was applied to the test set to
evaluate the effectiveness of the models.
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Fig. 1 Measurement of the perpendicular diameters 2D products, T2 signal intensity, and volume (including total tumor, pons, and ring enhancement)
and DIPG morphologic characteristics. a, b Measurement of 2D products of the largest perpendicular diameters before and after DIPG radiotherapy.
c—f Measurement of DIPG volume: including total tumor volume (green), pontine tumor lesion volume (yellow), and ring-enhancement volume (red).
g, h Minimum, and maximum T2SI (> 8 per patient; green), Mean T2SI (yellow), and normal-appearing gray matter of the temporal lobe T2SI (red). i, j An
area in a tumor with clear boundaries and liquid-like signals. Contrast-enhanced T1-weighted image surrounds high signal. k, I T2-weighted hyperintense
and FLAIR images showing substantially lower signal. DIPG, diffuse intrinsic pontine glioma; T2SI, T2 signal intensity

Definitions of therapeutic response

The effect of radiotherapy on tumors was determined
according to the DIPG Response Assessment in Pediatric
Neuro-Oncology (RAPNO) criteria [20]. Partial response
(PR) was defined as a decrease > 25% (compared with the
baseline) in the tumor 2D products of perpendicular
diameters. Progressive disease (PD) was defined as an
increase > 25% (compared with the baseline) in the 2D
products of perpendicular diameters. The responses were
classified as stable disease (SD) if they did not meet the
criteria for PR or PD.

Psuedoprogresion
Pseudoprogression was defined based on the collective
criteria from recent DIPG studies [20, 23-25]; if the

tumor size increased within 6 months after radiotherapy,
subsequent improvement in tumor size to at least stable
disease on the next MRI scan, and then resolved or sta-
bilized without treatment, it was considered pseudopro-
gression. Patients who were initially assessed as PD were
re-evaluated within 4-8 weeks.

Statistical analysis

Statistical analyses were performed using SPSS (version
27.0; IBM Corp) and R software (version 4.2.0, www.R-
project.org). The concordance of T2 signal intensity and
quantitative parameters between the observers was
examined using intraclass correlation coefficient analysis.
Cohen’s kappa test was used to evaluate the observer
agreement for qualitative parameters. Data that followed a
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The appearance of the tumor is basically
uniform, with almost no different signal

The appearance of the tumor is relatively
uniform, with slight differences in signal

components. components, and heterogeneity < 30%.
a
Grade 1 Grade 2
Note: Necrosis or circular enhancement components belong to heterogeneous signals.
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The appearance of the tumor is uneven, with The appearance of the tumor is significantly
uneven, with significant differences in signal
components and heterogeneity of > 50%.

moderate differences in signal components,
heterogeneity >30% and <50%.

Fig. 2 Representative images for visual grading and quantitative evaluation of heterogeneity. a Representative images for visual grading. b Quantitative
evaluation of T2 signal intensity heterogeneity (Red represents the region of heterogeneity)

normal distribution is represented as mean * standard
deviation; other data are represented as median (first and
third quartiles). The Mann—Whitney U test or t-test was
used to compare continuous variables between the PR and
non-PR groups. Chi-square and Mann—Whitney U tests
were used to compare sex, necrosis, ring enhancement,
T2-FLAIR mismatch sign, and grade between the PR and
non-PR groups. If there was a significant difference
(p <0.05) in the univariate analysis, it was included in the
multivariate logistic regression for testing to predict the
DIPG radiotherapy response. A nomogram was estab-
lished based on the results of the multivariate analysis.
Statistical significance was set at p < 0.05.

Results

Of 214 patients, 74 were excluded, leaving 109 and 31
patients in the training and test sets, respectively (Fig. 3).
Of the remaining 140 patients, 72 (51.4%) were male and
68 (48.6%) were female, with a median age of 7 years
(range, 2-18 years). The interobserver ICCs for the
quantitative parameters ranged 0.89—0.98. The qualitative
kappa coefficient ranged 0.76-0.97. There is substantial
consistency between visual and quantitative grades for

evaluating T2 heterogeneity. Details are provided in
Supplementary Table 2. The clinical and imaging char-
acteristics, grade, and radiotherapy response of the
training and test sets are summarized in Table 1.
According to the DIPG RAPNO criteria, the training set
consisted of 109 patients with 52 showing PR, 49 showing
SD, and 8 showing PD. The test set consisted of 31
patients with 12, 16, and 3 showing PR, SD, and PD,
respectively. In this study, we included patients with SD
and those with PD in the non-PR group. All patients were
followed up until September 2023. A total of 112 patients
died; 6 patients were lost to follow-up; and 22 patients
survived. We compared the OS of the two groups of
patients, with a median survival time of 14.0 months in
the PR group, significantly higher than that of 9.0 months
in the non-PR group (p <0.001), as shown in Supple-
mentary Fig. 1. We compared the changes in Karnofsky
performance status scores between the PR and non-PR
groups of patients before and after radiotherapy, as shown
in Supplementary Fig. 2 and Supplementary Table 3. The
PR ratio of T2-FLAIR mismatch but no necrosis and
enhancement DIPG patients is 28/30 (93.3%), significantly
higher than that of the necrosis and enhancement but
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Test sample
Brainstem glioma n =47

Study sample
Brainstem glioma n =167

n =10 Less than 50% pontine
involvement or WHO grade 1 glioma

DIPGn=157
n= 24 Conventional radiation at 54
Gray not completed

DIPG n=133

| n= 24 No or incomplete baseline or

Post-radiotherapy

DIPGn=109

from July 2011 to September 2021

n=>5 Less than 50% pontine
involvement

DIPGn=42
n= 5 Conventional radiation at 54
Gray not completed

DIPG n =37
n= 6 No or incomplete baseline or
Post-radiotherapy

DIPGn=31

from October 2021 to March 2023

Fig. 3 Flow diagram for patient selection. DIPG, diffuse intrinsic pontine glioma

Table 1 Clinical and imaging characteristics, grade, and
radiotherapy response of the training and test sets

Parameter Training set (n=109) Test set (n=31)
Age (years) 2-16 3-18
Sex

Male 54 (49.54%) 18 (58.06%)

Female 55 (50.46%) 13 (41.94%)
Tumor 2D size 2099+ 5.29 19.58 £5.60
Tumor volume 4641 +£16.02 4376 £16.85
Necrosis 45 (41.28%) 12 (38.71%)
Ring enhancement 37 (33.94%) 12 (38.71%)
T2-FLAIR mismatch sign 23 (21.10%) 8 (25.81%)
Extra pons volume ratio 17.81 (12.25-24.75) 1466 +727
rT2SRmin 1.18+£0.22 1.19+£0.15
T25Rmean 142+025 145+0.18
2SR pax 160 +0.22 169+0.18
rT2SRgi 043+0.13 049+0.13
Grade

1 12 (11.01%) 1 (3.23%)

2 27 (24.77%) 11 (35.48%)

3 40 (36.70%) 16 (51.61%)

4 30 (27.52%) 3 (9.68%)
Radiotherapy response

PR 52 (47.71%) 12 (38.71%)

SD 49 (44.95%) 16 (51.61%)

PD 8 (7.34%) 3 (9.68%)

rT2SRy,in relative minimum T2 signal intensity ratio, rT2SRmneqn relative mean
T2 signal intensity ratio, rT2SR,,qy relative maximum T2 signal intensity ratio,
rT2SR i relative (max-min) T2 signal intensity ratio

without T2-FLAIR mismatch patients is 14/48 (29.2%), as
shown in Supplementary Table 4.

Univariate analyses revealed statistically significant dif-
ferences (p < 0.05) between the two groups in the training
set (necrosis, T2-FLAIR mismatch sign, extrapontine
volume ratio, rT2SRhin, I'T2SReans TT2SR a0 FT2SRyis
and grade), are shown in Table 2. Patients of the non-PR
group showed significantly lower rT2SR i, 'T2SReans
r'T2SR .« than those of PR group participants (p < 0.05).
Non-PRs showed significantly higher rT2SRy;¢ values than
those of PRs (p<0.05). Non-PRs also showed a sig-
nificantly higher extra pons volume ratio than those of
PRs (p<0.05). The rT2SRin, rT2SRyeans T2SRa0
rT2SRy;;, and extrapontine volume ratios in patients with
and without PR are shown in Fig. 4. The AUC and cut-off
values for quantitative parameters in the training set that
distinguished between the PR and non-PR groups are
shown in Table 3.

The multivariate regression results are shown in
Table 2. A nomogram was established based on the
multivariate regression results, as shown in Fig. 5. The
best-performing model used in the training group to
predict the DIPG radiotherapy response consisted of three
variables (extra pons volume ratio, rT2SRy;, and grade).
The AUC of the three-variable model (extra pons volume
ratio, rT2SRy;, and grade) was 0.89, the sensitivity was
90.38%, and the specificity was 73.68%, as shown in
Fig. 6a. Using the test set, the AUC of the DIPG radio-
therapy response prediction model was 0.91 (sensitivity
and specificity of 91.67% and 84.21%, respectively) as
shown in Table 4.
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Table 2 Univariate and multivariate logistic regression results
for the prediction of pediatric DIPG radiotherapy response in the

training set

Parameter Training set (n = 109) p value
Univariate PR (n=52) Non-PR (n =57)
Age (years) 6.50 (425-875) 800 (6.00-9.00) 0.063
Sex 0635
Male 27 27
Female 25 30
Tumor 2D size 2024 +491 2168+557 0.155
Tumor volume 4358+ 1466 4899+ 16.88 0078
Necrosis <0001
Present 13 32
Absent 39 25
Ring enhancement 0.060
Present 13 24
Absent 39 33
T2-FLAIR mismatch <0001
sign
Present 20 3
Absent 32 54
Extra pons volume 14.55 (9.70-21.28)  20.69 <0001
ratio (1567-29.18)
T25Rmin 1.286 +0.230 1080+ 0.145 <0001
FT25Rmean 1.500 + 0.264 133740203 <0001
2SR max 16647 +0.231 1.549+0.189 0005
rT2SRys 0.379+0.104 0469+ 0.137 <0001
Grade <0001
1 11 1
2 21 6
3 16 24
4 4 26
Multivariate
Extra pons volume 0.003"
ratio
T2SRys 0.015"
Grade <0001
1
2
3
4

" p<005 " p<001,™ p<0.001

DIPG diffuse intrinsic pontine glioma, rT2SR,,;, relative minimum T2 signal
intensity ratio, rT2SR pneqn relative mean T2 signal intensity ratio, rT2SR ., relative
maximum T2 signal intensity ratio, rT2SR4 relative (max-min) T2 signal
intensity ratio

MRI radiomic analysis

In the final feature selection using the LASSO method,
five and six radiomic features were included in the T2-
weighted and T1-enhanced images, respectively. Details
are provided in Supplementary Table 5. Using the training
set, the AUCs of DIPG radiotherapy response prediction
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models were 0.84 (sensitivity and specificity were 98.08%
and 56.14%, respectively) for the T2-weighted model and
0.81 (sensitivity and specificity were 80.77% and 70.18%,
respectively) for the T1l-enhanced model as shown in
Fig. 6b and Table 4. Using the test set, the AUCs for DIPG
radiotherapy response prediction models were 0.83 (sen-
sitivity and specificity of 75.00% and 89.47%, respectively)
for the T2-weighted model and 0.81 (sensitivity and
specificity were 100.00% and 57.89%, respectively) for the
T1l-enhanced model. Further explore the correlation
between radiomic features and overall survival, as shown
in Supplementary 6.

Discussion

There is an increasing need to develop a reliable diag-
nostic method to accurately predict the radiotherapy
response in patients with DIPG. In this study, we devel-
oped a predictive model that combines T2-weighted
(quantitative and qualitative) image features with a
quantitative assessment of extrapontine extension. In our
prediction model (the combination of T2-weighted
quantification, qualitative analysis, and extra pons
volume ratio), the AUC on the training set is 0.89, and it
shows good discrimination in the independent test set
(AUC, 0.91). The AUCs of T2-weighted and T1-enhanced
radiomics prediction models on the training set were 0.84
and 0.81, respectively. They showed good distinguish-
ability on the independent test set, with AUCs of 0.83 and
0.81, respectively. Glioma is a heterogeneous disease with
intratumoral heterogeneity at both the genetic and his-
topathological levels, especially in high-grade gliomas
[26-28]. T2-weighted images are superior to other MR
image types in determining DIPG intratumoral hetero-
geneity [19].

We used visual grading to qualitatively analyze T2-
weighted heterogeneity. To ensure favorable memory and
suitable applications, we divided the ratings into four
grades, and we believe that the advantages of this visual
rating are that it is extremely simple and intuitive.
Therefore, this method is easier to apply than others.
According to our results, the T2 signal intensity visual
grading showed good interobserver consistency. More-
over, while subjectively evaluating the T2 signal intensity,
we used a quantitative method by multiple observers to
measure the T2 signal intensity ratio of the tumor area
relative to the normal gray matter of the temporal lobe.
This repeatable evaluation method is conducive to further
comparison of research results between different field
strengths.

Non-PRs showed significantly lower rT2SR i,
rT2SRean, and rT2SR.,., than that of PRs. Non-PRs
also showed significantly higher rT2SRy; values than
that of PRs. DIPGs are typically hyperintense on T2-
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Fig. 4 Box plots showing rT2SRmin, "T2SRmean, IT2SRmax T2SRqir, and extrapontine volume ratio in patients with PR and non-PR. a Boxplots of relative
T2SR characteristics in patients with PR and non-PR. b Boxplots showing extrapontine volume ratio in patients with PR and non-PR. Boxes indicate
interquartile range; lines in boxes indicate median values. The whiskers extend from the median to + 1.5 x interquartile ranges. T2SR, T2 signal intensity
ratio; rT2SR i, relative minimum T2 signal intensity ratio; rT2SRean, relative mean T2 signal intensity ratio; rT2SR 4y, relative maximum T2 signal intensity
ratio; rT2SRy, relative (max-min) T2 signal intensity ratio

Table 3 Diagnostic accuracy of univariate quantitative parameters for differentiating pediatric DIPG radiotherapy response in the
training set

Parameters AUC (95% Cl) Sensitivity (%) Specificity (%) Cut-off value
T2SRmin 0.760 (0.669, 0.837) 53.85 92.98 1.268
IT2SRmean 0.696 (0.601, 0.780) 63.46 7193 1454

IT2SR max 0.658 (0.561, 0.746) 48.08 8246 1712

rT2SRyi 0.692 (0.597, 0.777) 80.77 49.12 0486

Extra pons volume ratio 0.721 (0627, 0.803) 3846 94.74 11524

DIPG diffuse intrinsic pontine glioma, CI confidence interval, rT25R,,;, relative minimum T2 signal intensity ratio, rT2SRmea, relative mean T2 signal intensity ratio,

IT2SRqx relative maximum T2 signal intensity ratio, rT2SR; relative (max-min) T2 signal intensity ratio

weighted MRI sequences [20]. Areas with lower
T2 signal intensities may have a greater likelihood of
diffusion limitation and enhancement [29, 30]. In addi-
tion, DIPG studies have shown that areas of signal
hypointensity on T2-weighted images correspond to the
foci of anaplasia and hypercellularity [29, 31]. We
quantified differences in rT2SR values to evaluate tumor
heterogeneity. Therefore, regions displaying high
T2 signal intensity ratio differences may reflect highly
heterogeneous regions with spatial changes in cellular
structure and various pathological components.

DIPGs located in an eloquent brain region preclude
surgical resection; research shows the safety of DIPG
biopsy [32] in providing data for treatment decisions;
however, the sample size obtained from stereotactic
biopsy is relatively small and cannot completely decipher
the overall heterogeneity of the tumor. Extrapontine
extension is an unfavorable prognostic factor in patients
with DIPG [1, 21]. We discovered a method for measuring
extrapontine extension in previous studies [21], which
may be more accurate.

Those with T2-FLAIR mismatch sign have a good
radiotherapy response [16], and the same results were
obtained in the univariate analysis. However, the T2-
FLAIR mismatch sign was mostly characterized as grade 1
or grade 2 in the visual evaluation method of T2 signal
intensity heterogeneity used in this study. Hence, T2-
FLAIR mismatch sign was not included in the multi-
variate analysis. Moreover, radiomic models can be used
to predict the prognosis of patients with DIPG [33-35].
However, few studies have focused on radiomic models
and DIPG radiotherapy responses. Radiomics has the
advantage of providing better disease representation by
revealing high-dimensional features and subpattern
changes beyond visual assessment [36]. The use of
Radiomic models in this study to predict DIPG radio-
therapy response also demonstrated good discrimination.

In the present study, we confirmed that the survival
period in the PR group was significantly longer than that
in the non-PR group. Further analysis was conducted on
the changes in KPS scores of the two groups of patients
before and after radiotherapy; the PR group had a better
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Fig. 5 Nomogram constructed based on the combined model. Each point that corresponds to specific variable is on the uppermost point scale. The
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Fig. 6 Receiver operating characteristic curves for single-parameter, three-parameter, and radiomic models were compared to predict DIPG radiotherapy
response. a Receiver operating characteristic curves for single-parameter, three-parameter, were compared to predict DIPG radiotherapy response.

b Receiver operating characteristic curves for radiomic models were compared to predict DIPG radiotherapy response. DIPG, diffuse intrinsic pontine
glioma; rT2SRys, relative (max—min) T2 signal intensity ratio; CET1, contrast-enhanced T1WI

quality of life. Assuming that the overall survival of This study has some limitations. This was a retro-
patients cannot be significantly improved in a short per-  spective, single-center study. Further prospective multi-
iod, the quality of life of these patients will become equally  center studies are required to validate our results. There
important. are few patients undergoing biopsy, and only a small
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Table 4 AUC values of multiparameter models and radiomic models in the training and test sets

AUC (95% ClI)

Sensitivity (%) Specificity (%)

Train set

Extra pons volume ratio, 2SRy, and Grade
T2WI radiomic model

CET1 radiomic model

Test set

Extra pons volume ratio, 2SRy, and Grade
T2WI radiomic model

CET1 radiomic model

0.893 (0.819, 0.944)
0.840 (0.758, 0.903)
0.813 (0.727, 0.881)

0.912 (0.754, 0.983)
0.825 (0.646, 0.937)
0811 (0631, 0.929)

90.38 73.68
98.08 56.14
80.77 70.18
9167 84.21
75.00 89.47
100.00 57.89

AUC area under the curve, C/ confidence interval, rT2SR ;s relative (max-min) T2 signal intensity ratio, CETT T1WI-enhanced

portion of patients have genetic data. Accordingly, we will
incorporate genetic data to improve the diagnostic ability
of the model in future research.

Conclusion

Combining T2-weighted quantification with qualitative
and extrapontine volume ratios can accurately predict
DIPG radiotherapy response. Early identification of
radiotherapy response to DIPG is helpful for personalized
treatment and prognostic assessment for patients
with DIPG.
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