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ABSTRACT

Aim To determine whether immunohistochemical B7-H3 expression is associated with magnetic resonance
imaging (MRI)-derived tumour volume, peritumoral brain oedema volume, and oedema index in adult gliomas.
Methods This retrospective radiopathological correlation study included 99 consecutive patients with
histopathologically confirmed intracranial gliomas surgically treated between 2013 and 2021. B7-H3 expression
(clone RBT-B7H3, Bio SB, USA) was evaluated using staining intensity, percentage of positive tumour cells,
and a composite immunoreactive score (IRS). Tumour volume (TV), peritumoral brain oedema volume (PTBE),
and oedema index (EI) were calculated from orthogonal MRI measurements. Spearman correlation and crude
and adjusted linear regression were used. Adjusted models included age, sex, tumour grade, and Ki-67.
Results Median TV was 29.31 cm3 (IQR 12.17-49.12), median PTBE was 84.51 cm3 (IQR 47.59-178.18),
and median EI was 4.56 (IQR 3.83-5.00). B7-H3 IRS correlated strongly with TV (r = 0.921, p < 0.001) and
PTBE (r = 0.920, p < 0.001), but not with EI (r =-0.105, p = 0.299). After adjustment, B7-H3 IRS remained
associated with In(TV) (beta = 0.228, 95% CI 0.190-0.265, p < 0.001) and In(PTBE) (beta = 0.178, 95%
CI0.152-0.204, p < 0.001), but not with EI (beta = 0.001, 95% CI -0.083 to 0.084, p = 0.990).

Conclusion B7-H3 expression is independently associated with MRI-derived tumour volume and peritumoral
brain oedema volume in adult gliomas, but not with oedema index, supporting its relationship with absolute
MRI-visible lesion burden.
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INTRODUCTION

Gliomas are heterogeneous tumours of the central nervous sys-
tem whose behaviour is influenced by histopathological grade,
molecular alterations, proliferative activity, and radiological
phenotype (1). The World Health Organization (WHO) clas-
sification formally incorporated molecular parameters into the
diagnosis of central nervous system tumours, making integrated
diagnosis part of routine glioma classification rather than an op-
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tional add-on (2). Adult diffuse gliomas are therefore interpreted
through both morphological and molecular information, because
tumour biology may not be fully captured by histology alone (2).
Molecularly targeted therapeutic strategies in glioblastoma have
also been systematically reviewed, with emphasis on growth-
factor receptors, angiogenesis, intracellular signalling pathways,
and immune-related targets as major areas of investigation (3).
MRI remains the central method for preoperative evaluation,
surgical planning, and longitudinal assessment of glioma pa-
tients (4). Apart from localization and contrast enhancement,
quantitative MRI-derived features, including tumour volume
and peritumoral brain oedema, may provide clinically useful
information on lesion burden, mass effect, vascular permeability,
and the interaction between tumour tissue and the surrounding
brain microenvironment (5).
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B7-H3 (also known as CD276), a member of the B7 family of
immune checkpoint proteins, is highly expressed in cancer cells
and activated tumour-infiltrating immune cells. B7-H3 gained
attention as a marker of aggressive tumour biology and as a
potential therapeutic target (6). The broader B7-H3 literature
describes both immune-related and non-immune functions, in-
cluding effects on tumour-cell behaviour, invasion, angiogenesis,
and treatment resistance (6). In brain malignancies, B7-H3 has
been linked to immune escape and immunotherapeutic develop-
ment (7). In glioblastoma specifically, B7-H3 has been discussed
as a biologically relevant target with therapeutic implications
(8). A previous publication from the same cohort confirmed
the diagnostic and prognostic value of B7-H3 for differentiating
high-grade from low-grade gliomas and for predicting progres-
sion and survival (9).

The relationship between B7-H3 expression and MRI-derived
radiomorphometric characteristics has not been sufficiently ad-
dressed. This question is relevant because a tissue marker that
correlates with MRI-visible tumour and oedema burden could
help connect adverse histopathological parameters with the radi-
ological phenotype. It may also support future radiopathological
and radiogenomic models aimed at non-invasive prediction of
biologically relevant therapeutic targets.

This study aimed to evaluate whether immunohistochemical
B7-H3 expression is associated with MRI-derived tumour vol-
ume, peritumoral brain oedema volume, and oedema index in
patients with gliomas.

MATERIAL AND METHODS
Study design and patients

A retrospective study was conducted using archival clinical, radi-
ological, and histopathological data from patients with intracra-
nial gliomas who underwent surgical treatment and follow-up
at the Department of Neurosurgery, Cantonal Hospital Zenica,
Bosnia and Herzegovina, between 1 January 2013 and 31
December 2021.

Inclusion criteria were a histopathologically confirmed in-
tracranial glioma, surgical treatment and follow-up at Cantonal
Hospital Zenica, available preoperative and postoperative neu-
roradiological documentation, available representative tumour
tissue, and no neoadjuvant oncological treatment. Exclusion
criteria were multiple primary intracranial tumours, haemor-
rhagic or incidental intracranial tumours, a history of other
malignancies, incomplete follow-up data, and unavailable or
non-representative tissue material.

Methods

Tumour samples were collected and processed according to
a standard protocol. B7-H3 (clone RBT-B7H3, Bio SB, USA)
expression was assessed using staining intensity, the percentage
of immunoreactive tumour cells, and a composite immunoreac-
tive score (IRS). Staining intensity was scored as 0 for negative
staining, 1 for weak staining, 2 for moderate staining, and 3 for
strong staining. The percentage of immunoreactive cells was
scored as 0 for no staining, 1 for fewer than 10% positive tumour
cells, 2 for 10-50% positive tumour cells, and 3 for more than
50% positive tumour cells. The composite B7-H3 IRS was calcu-
lated by multiplying the intensity score by the percentage score.
Predefined intensity and extent categories are commonly used in
semi-quantitative tissue-stain assessment because they support
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reproducible reporting and reduce ambiguity in observer-based
scoring (10).

Radiomorphometric analysis was performed using the IM-
PAX system (version 6.5.1.144, AGFA HealthCare, Mortsel,
Belgium). Tumour volume (TV) and peritumoral brain oedema
(PTBE) volume were determined using the spheroid volume
formula, as each tumour was approximately spherical in shape:
V =4/3n x a/2 x b/2 x ¢/2 (11). Coronal, axial, and sagit-
tal diameters were measured to calculate the cumulative vol-
ume of TV and PTBE. PTBE volume was then obtained by
subtracting TV from the cumulative value. The relationship
between TV and PTBE was assessed using the oedema index
(ED: EI = (TV + PTBE)/TV (12). Tumour size was analysed on
contrast-enhanced T1 sequences, while oedema size was anal-
ysed on T2 sequences (Figure 1). Measurements were expressed

in cm?.

The primary outcome variables were TV and PTBE, and the
secondary outcome variable was EI.

Figure 1. MRI-based radiomorphometric assessment of
glioblastoma and peritumoral brain oedema: A) Axial
measurement of two orthogonal diameters of the combined
tumour-plus-oedema region, B) Sagittal measurement of the
combined tumour-plus-oedema region, C) Axial measurement of
two orthogonal tumour diameters, D) Sagittal measurement of
tumour diameter

Statistical analysis

Statistical analysis was performed using SPSS version 26.0 (IBM
Corp., Armonk, NY, USA). Categorical variables were presented
as n (%), and continuous variables were presented as median
(IQR) because distributions were skewed. Spearman correlation
was used to evaluate associations between B7-H3 expression pa-
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Table 1. Clinicopathological and radiomorphometric characteristics of the cohort

Variable

Total cohort (N=99)

Demographic characteristics

Age (years), median (IQR) 56 (46-63)

Male sex, n (%) 57 (57.6)
WHO grade, n (%)

Gl 12 (12.1)

G2 30 (30.3)

G3 21 (21.2)

G4 36 (36.4)

Immunohistochemistry analysis, median (IQR)

Ki-67 (%)
B7-H3 staining intensity score (A)

B7-H3 immunoreactive cell percentage score (B)

B7-H3 IRS (A x B)

20.0 (8.0-35.0)
2.0 (1.0-3.0)
3.0 (2.0-4.0)
6.0 (3.0-8.5)

Radiographic analysis, median (IQR)

Tumour volume (cm?)

Peritumoral brain oedema volume (cm?)

Oedema index

29.31 (12.17-49.12)
84.51 (47.59-178.18)
4.56 (3.83-5.00)

IRS, immunoreactive score; IQR, interquartile range; WHO, World Health Organization.

rameters and MRI-derived radiomorphometric variables. Linear
regression was used to estimate crude and adjusted associations
between B7-H3 IRS and each MRI-derived outcome. TV and
PTBE were natural-log transformed because of right-skewed
distribution. Adjusted models included age, sex, WHO grade,
and Ki-67. Patients with missing Ki-67 were excluded from
adjusted models, and patients with PTBE = 0 were excluded
from models using In(PTBE). WHO grade was recorded for
cohort description and was used as an adjustment variable in
multivariable models, while B7-H3 expression was analysed
primarily as a semiquantitative immunohistochemical variable
in relation to continuous MRI-derived measurements. Statistical
significance was set at p < 0.05.

RESULTS

The study included 99 consecutive patients with intracranial
gliomas. The median age was 56 years (IQR 46-63), with
male predominance (57.6%). The cohort included WHO grade
I, I, III, and IV tumours. Median Ki-67 was 20.0% (IQR
8.0-35.0). Median B7-H3 staining intensity score (A) was 2.0
(IQR 1.0-3.0), median percentage score of immunoreactive tu-
mour cells (B) was 3.0 IQR 2.0-4.0), and median composite B7-
H3 IRS was 6.0 (IQR 3.0-8.5). Median TV was 29.31 cm?® (IQR
12.17-49.12), median PTBE was 84.51 cm? (IQR 47.59-178.18),
and median EI was 4.56 (IQR 3.83-5.00) (Table 1).

B7-H3 IRS showed strong positive correlations with TV
(r=0.921, p < 0.001) and PTBE (r = 0.920, p < 0.001). B7-H3
staining intensity (A) and the percentage score of immunore-
active tumour cells (B) also correlated positively with TV and
PTBE. In contrast, EI did not correlate significantly with B7-H3
IRS (r =-0.105, p = 0.299). The correlation matrix is presented
as Figure 2 to summarize the full pattern of associations; B7-H3
A and B are included in the matrix because their descriptive val-
ues are reported in Table 1, and their scoring method is defined
in the Methods section.

Crude and adjusted regression results for all model variables
are shown in Table 2. In crude models, B7-H3 IRS was associ-
ated with In(TV) (beta=0.239, 95% CI10.213 t0 0.266, p < 0.001)
and In(PTBE) (beta = 0.181, 95% CI 0.162 to 0.201, p < 0.001),

Spearman correlation matrix
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Figure 2. Spearman correlation matrix

B7-H3 A, staining intensity; B7-H3 B, percentage score of immunoreactive
tumour cells; B7-H3 IRS, the composite immunoreactive score; EI, oedema
index; PTBE, peritumoral brain oedema volume; TV, tumour volume

but not with EI (beta = 0.034, 95% CI -0.032 t0 0.100, p=0.311).
After adjustment for age, sex, WHO grade, and Ki-67, B7-H3
IRS remained associated with In(TV) (beta = 0.228, 95% CI
0.190 to 0.265, p < 0.001) and In(PTBE) (beta = 0.178, 95%
CI 0.152 to 0.204, p < 0.001), but not with EI (beta = 0.001,
95% CT-0.083 to 0.084, p = 0.990). In the adjusted EI model,
WHO grade was positively associated with EI (beta = 0.867,
95% CI 0.481 to 1.253, p < 0.001), while Ki-67 had a negative
association with EI (beta = -3.140, 95% CI -5.755 to -0.525,
p =0.019).

DISCUSSION

This study found that B7-H3 expression was strongly associated
with adverse radiological features of gliomas, such as MRI-
derived tumour volume and peritumoral brain oedema volume.
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Table 2. Crude and adjusted associations of B7-H3 IRS, demographic variables, WHO grade, and Ki-67 with MRI-derived

radiomorphometric outcomes

Univariate analysis

Multivariate analysis

Outcome Predictor Crude 3 (95% CI) P Adjusted 3 (95% CI) P
B7-H3 IRS 0.239 (0.213-0.266) <0.001 0.228 (0.190-0.265) <0.001
Age —0.001 (—0.015-0.012) 0.847 0.001 (—0.006-0.009) 0.732
In(TV) Female sex —0.040 (—0.459-0.380) 0.851 0.031 (—0.200-0.262) 0.791
WHO grade 0.535 (0.371-0.699) <0.001 0.103 (—0.069-0.274) 0.237
Ki-67 3.796 (2.729-4.862) <0.001 —0.063 (—1.224-1.098) 0.915
B7-H3 IRS 0.181 (0.162-0.201) <0.001 0.178 (0.152-0.204) <0.001
Age —0.002 (—0.012-0.008) 0.676 —0.001 (—0.006-0.004) 0.726
In(PTBE) Female sex —0.018 (—0.327-0.292) 0.909 —0.017 (—0.181-0.147) 0.838
WHO grade 0.293 (0.147-0.439) <0.001 —0.094 (—0.226-0.037) 0.158
Ki-67 2.469 (1.623-3.315) <0.001 0.590 (—0.235-1.414) 0.158
B7-H3 IRS 0.034 (—0.032-0.100) 0.311 0.001 (—0.083-0.084) 0.990
Age 0.005 (—0.012-0.021) 0.577 0.011 (—0.005-0.028) 0.173
EI Female sex 0.122 (—0.383-0.627) 0.633 0.323 (—0.197-0.843) 0.220
WHO grade 0.405 (0.183-0.627) <0.001 0.867 (0.481-1.253) <0.001
Ki-67 1.092 (—0.501-2.685) 0.177 —3.140 (—5.755-—0.525) 0.019

CI, confidence interval; EI, oedema index; IRS, immunoreactive score; PTBE, peritumoral brain oedema volume; TV, tumour volume; WHO, World Health

Organization.

The association remained present after the adjustment for age,
sex, WHO grade, and Ki-67. In contrast, B7-H3 expression
was not associated with EI, suggesting that B7-H3 reflects ab-
solute tumour and oedema burden rather than the proportional
oedema-to-tumour relationship. This distinction is relevant be-
cause RANO 2.0 continues to place MRI-based assessment at
the centre of glioma evaluation, while acknowledging that imag-
ing interpretation must be standardized across both high-grade
and lower-grade tumours (4).

The association between B7-H3 and tumour volume is bi-
ologically plausible. B7-H3 has been linked to tumour cell
proliferation, metastasis, and therapeutic resistance. Further-
more, its marked difference in protein expression levels between
healthy and tumour tissues suggests that targeting B7-H3 with
drugs may lead to cancer-specific toxicity, minimizing harm to
healthy cells (6).

Experimental glioma data showed that B7-H3 overexpression
facilitated sustained glioma growth and promoted glioma cell in-
vasion through a JAK2/STAT3/Slug-dependent signalling path-
way (13). In that context, larger MRI-derived tumour volume
among tumours with higher B7-H3 expression may represent
a radiological manifestation of a more aggressive tissue pheno-
type. The relevance of imaging-based tumour characterization
is supported by a recent MRI radiomics meta-analysis, which
reported the diagnostic value of MRI-derived radiomic features
for differentiating high-grade from low-grade gliomas (5). Al-
though the present work did not use a radiomics pipeline, it
follows the same general premise that measurable MRI features
can reflect biologically meaningful tumour variation.

The correlation between B7-H3 expression and PTBE is also
clinically relevant. Peritumoral oedema is a major contributor to
mass effect and neurological impairment in brain tumours, and it
is usually interpreted as a consequence of vascular permeability,
blood-brain barrier disruption, and tumour-microenvironment
interactions. B7-H3-related pathways may contribute to an inva-
sive and pro-tumorigenic microenvironment (7). This interpre-
tation is supported by glioblastoma-focused literature on B7-H3
therapeutic relevance (8) and by experimental evidence linking
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B7-H3 with glioma invasion (13). Pan-cancer data also support
the broader therapeutic relevance of B7-H3 as an actionable
target across human malignancies (14), while antibody-based
B7-H3 immunotherapy has been reviewed as a developing anti-
cancer strategy (11).

In a previous study from this cohort (3), the composite B7-H3
IRS discriminated high-grade from low-grade gliomas with an
AUC of 0.816, and high B7-H3 expression independently pre-
dicted disease progression (OR = 4.9, 95% CI 2.4-10.1) (9).
Patients with high B7-H3 expression also had shorter overall
survival, with median values of six months versus 42 months,
and shorter progression-free survival, with median values of
three months versus 25 months (9).

The lack of association with EI is important. EI is a ratio and
does not measure the same phenomenon as absolute oedema
volume (12). A tumour with high B7-H3 expression may have
large tumour and oedema volumes, but the amount of oedema
may not be disproportionate to tumour size. This distinction
explains why B7-H3 was associated with TV and PTBE but
not with EI. From a practical perspective, TV and PTBE may
be closer to overall lesion burden, whereas EI may depend on
additional factors such as tumour location, vascular architec-
ture, corticosteroid exposure, timing of imaging, and individual
differences in blood-brain barrier permeability.

Several limitations should be acknowledged. The retrospec-
tive single-centre design may introduce selection bias and limit
generalizability. Volumetric assessment was based on orthogo-
nal diameter measurements and spheroid approximation rather
than fully segmented three-dimensional volumetry. Molecu-
lar variables beyond IDH status, including 1p/19q codeletion,
MGMT promoter methylation, TERT promoter mutation, and
EGFR amplification, were not incorporated into the present mul-
tivariable models. Future studies should validate these findings
in larger cohorts using standardized MRI acquisition protocols,
segmentation-based volumetry, and integrated molecular profil-
ing.



CONCLUSION

B7-H3 expression is independently associated with MRI-derived
tumour volume and peritumoral brain oedema volume in
gliomas, but not with oedema index. These findings suggest that
B7-H3 reflects absolute MRI-visible lesion burden and support
further radiopathological studies evaluating B7-H3 as a tissue
marker linked to glioma imaging phenotype.
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