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Abstract Background Differentiation between pediatric Wilms tumor and neuroblastomamay
be difficult when solely based on conventional computed tomography (CT) features,
especially in large tumors.
Objective This article analyzes the role of CT-based texture analysis (CTTA) in
differentiating (1) pediatric Wilms tumor and neuroblastoma and (2) between
histological and MYCN amplified subtypes of neuroblastoma.
Materials and Methods Treatment-naive cases of pediatric (< 18 years)
renal/pararenal tumors who underwent a single-phase contrast-enhanced CT of chest,
abdomen, and pelvis for staging and preoperative evaluation purposes were enrolled.
CT images were processed with texture analysis software for first-order texture
features. Calculated parameters included mean, variance, skewness, and kurtosis.
Grayscale features were also analyzed among the tumor groups and subgroups. Mann–
Whitney U and Fisher’s exact tests were used for statistical analysis. A p-value of<0.05
was considered significant.
Observations and Results A total of 37 lesions (22 neuroblastoma, 15 Wilms) were
evaluated. With respect to grayscale features, neuroblastoma tumors exhibited calcifica-
tions in greater frequency with a higher propensity for nodal and visceral metastasis.
Significant differences were observed when comparing variance of the two tumor groups
with neuroblastoma showing higher intralesional variance values than Wilms tumor.
Undifferentiated subtype of neuroblastoma demonstrated higher intralesional variance
than other two subtypes combined; MYCN amplified tumors showed higher intralesional
mean value than unamplified tumors (p<0.05 for both). The various neuroblastoma
subgroups did not significantly differ when considering the grayscale parameters.
Conclusion CTTAhas a potential role in allowing differentiation between neuroblastoma
and Wilms tumor. It may additionally allow differentiation among various histological
subtypes of neuroblastoma and detection of MYCN amplified neuroblastoma.
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Introduction

Renal and pararenal tumors together constitute the most
common pediatric abdominal malignancy.1 While Wilms
tumor (WT) remains the most frequently occurring renal
tumor, a major differential diagnosis of the same includes
neuroblastoma (NB), which typically presents as a pararenal
mass.1,2 Differentiation between renal and pararenal masses
is of utmost importance for appropriate surgical planning
and outcome. Additionally, parameters allowing distinction
between the individual tumor subtypes offer advantages of
preoperative prognostication and management.2 This is
particularly pertinent in NB, which is a tumor with diversi-
fied clinical outcomes that primarily depend upon the his-
tological subtypes (differentiated [DF], poorly differentiated
[PD], and undifferentiated [UD]).3Another important genetic
marker that prognosticates NB isMYCN amplification. There-
fore, early identification of such attributes on imaging may
contribute to early patient stratification and appropriate
protocol assignment at the time of diagnosis.2

Various imaging modalities like contrast-enhanced com-
puted tomography (CECT) and CE magnetic resonance imag-
ing (MRI) have been explored in the differentiation of renal
and pararenal masses. MRI avoids the risk of ionizing radia-
tion, but is costly with limited availability and is associated
with the risks of general anesthesia.2 CECT can be performed
under light anesthesia or sedation and offers decent evalua-
tion of certain features like calcifications; however, it falls
short with regards to differentiation between the various
masses with subjective visual interpretation of heterogene-
ity and Hounsfield unit value being the limited options
available.4 Although biopsy remains the gold standard, it is
invasive with added burden of cost andmorbidity associated
with the invasive procedure.

CT-based texture analysis (CTTA) is a form of image
processing that reduces subjectivity in image interpreta-
tion.4 This technique potentially provides a quantitative
evaluation of region-to-region differences in pixel intensity
that may not be detected with the unaided eye.4,5 They
provide numeric descriptors of “heterogeneity.” Previous
studies have shown there exists quantifiable texture differ-
ences between benign and malignant lesions (more hetero-
geneity in malignant lesions), possibly allowing pathologic
differentiation in specific clinical settings.5 CTTA has thus
been referred to as “virtual biopsy” in the literature.4–6

Various CT-based texture parameters havebeen evaluated
to differentiate malignant and benign tumors.4,6–10 Addi-
tionally, it has also been evaluated to determine thehistology
subtype of malignant renal tumors.5,7

While texture analysis has been used extensively in adult
renal masses, there is a paucity of research utilizing it for
pediatric renalmasses. Additionally, it is pertinent to consider
the diversity within the categories of renal and pararenal
tumors common in children when compared to adults, for
example, both WT and NB are malignant tumors. Although
bothmaybedifferentiated on conventional CT, this distinction
becomes difficult when considering larger lesions and in
situations where the organ of origin is not delineated.

Given this background, the objective of this study was to
prospectively analyze the role of CTTA in differentiating the
two most common renal and pararenal masses, that is, WT
and NB. A secondary objective was to assess the various CT
texture parameters that may assist in the differentiation of
the histological and genetic subtypes of NB.

Materials and Methods

This prospective observational study was conducted after
obtaining the clearance from the institutional ethics com-
mittee (IEC No-598/03.07/2020, RP- 39/2020) from Octo-
ber 2020 to September 2022. A written informed consent
was obtained for all the patients and guardians (whichever
applicable) after explaining the procedure in their vernacu-
lar language.

Patient Population
Treatment-naive cases of pediatric (< 18 years) renal/para-
renal tumors (diagnosed either on clinical assessment or
other imaging modalities) who were referred for staging CT
of the abdomen for the purpose of preoperative evaluation
were included in the study. Patients who had a prior history
of allergy/contraindication to iodinated contrast, who re-
fused to participate, have had chemo- or radiotherapy, and
those who underwent biopsy within the last 7 days prior to
acquisition were excluded. Eventually, a total of 42 patients
were included in the study. This convenient sample was
based upon the constraints of the number of patients who
presented to the pediatric medicine or pediatric surgery
department with renal/perinephric masses and feasibility
of investigations.

CT Acquisition
All patients underwent a single-phase CECT of the chest,
abdomen, and pelvis on a 128-slice scanner (Somatom
Definition AS, Siemens, Erlangen, Germany) acquired 45 sec-
onds following injection of 1.5mL/kg body weight of an
iodinated contrast agent (Omnipaque 300, Iohexol, GE
Healthcare, United States) at a rate of 2 to 3.5mL/s (depend-
ing on the intravenous access size) via an automated injector.

The following acquisition parameters were used: 80 kV;
AutomAand SmartmA (angular and z-axismodulation) using
CARE Dose 4D; pitch 1:1; acquisition slice thickness 5mm;
scan field of view (FOV) and display FOV adjusted to patient
size. Average CT dose index (CTDI vol) was 4.9�1.9mGy. The
images were reconstructed with a slice thickness of 1mm in
themediastinal and lungwindowso as to allowgeneration of
multiplanar reformats for evaluation.

CTTA
We analyzed the first-order histogram-based texture features
for differentiating between WT and NB. Histogram-based
features were spatially invariant and the arrangement of the
pixels relative to one another did not affect the analysis. A
commercially available research software MaZda (MaZda
package, www.eletel.p.lodz.pl, developed at Technical Univer-
sityof Lodz [TUL], Poland)wasutilized for thecalculationof the
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first-order texture parameters and included a Laplacian of
Gaussian spatial filter to remove any spatial heterogeneity
seen in the images.11,12

Image Analysis
The imageswere analyzed by a single reader with 12 years of
experience in pediatric radiology who was blinded to the
clinical and pathological findings.

Analysis of Grayscale Features
The images were analyzed for the following morphological
parameters: tumor size, margins, and presence of claw sign
(i.e., mass forming sharp angles with the renal parenchyma
on either side, implying renal origin) for delineating the
organ of origin. Additional features that were evaluated
included tumor heterogeneity (i.e., presence of necrosis
and/or hemorrhage), presence and nature of calcification
(coarse or fine), vascular encasement and infiltration, intra-
spinal extension, presence of lymphadenopathy, and distant
metastasis to the liver, lung, and bones.

Texture Analysis
CT images were transformed into Digital Imaging and Com-
munications in Medicine format and further processed with
the free available texture analysis software MaZda. A single
axial section that included homogeneous solid component of
the tumor, which was free of necrosis and/or calcification,
was chosen. A polygonal region of interest (ROI) was drawn
by the radiologist on this largest representative axial section
within the boundary of the tumor and the texture param-
eters were saved for each tumor (►Fig. 1). Gray-level nor-
malization was performed for each ROI, using the limitation
of dynamics to μ�3 standard deviation (SD) (μ gray-level
mean) to minimize the influence of contrast and brightness
variation, as it was performed in previous studies.13,14

The first-order histogram parameters calculated by the
automated software and subsequently analyzed included
mean (average intensity from thepixels in theexamined slice),
variance (indicator of spread of individual intensity value(s)
from the mean), skewness (measurement of asymmetry in

distribution), and kurtosis (measurement of “outlier” or “ex-
treme” pixel values).

Histopathological Evaluation
Histopathological examination was considered the gold
standard for diagnosis. Specimens included prechemother-
apeutic percutaneous biopsies from the primary tumor or
from metastatic sites, and excision specimens for cases
undergoing upfront surgery.

Detection of MYCN Amplification in Neuroblastomas
MYCN status was assessed by fluorescence in situ hybridiza-
tion, using a MYCN/CCP2 dual-color probe set in cases diag-
nosed as NB. MYCN was considered amplified when MYCN
signals exceeded CCP2 signals by � 3 times or if � 10 MYCN
signals were present per nucleus.

Statistical Analysis
The demographics, imaging findings, and the various texture
parameters obtained from CTTA were recorded in GraphPad
Prism version 9.0 software (GraphPad, San Diego, California,
United States). Biopsy results were considered the gold stan-
dard for analysis. Categorical variables were expressed as
frequencies and percentages and continuous variables are
expressed as median� SDs along with interquartile range.
Categorical variables were compared using Fisher’s exact
and chi-square tests. Continuous variables were compared
using the Mann–Whitney U/Wilcoxon rank sum and Welch’s
unpaired t-tests. Ap-valueof<0.05was considered to indicate
statistical significance. Receiver operating characteristics
(ROC) curve analysis was used to obtain the area under the
curve (AUC) for texture parameter(s) found to be significantly
different between thevarious histological groups, and optimal
cutoffs were obtained.

Observations and Results

A total of 42 lesions were included in the study and were
categorized into three major categories: 22 cases (52.4%) of
NB (mean age 3.3�2.5 years), 15 cases (35.7%) with WT

Fig. 1 Assessment of the images using texture analysis software. (A) Representative axial section of the tumor. A polygonal region of interest
(ROI) was drawn within the boundary of the tumor and texture parameters were calculated for each tumor (B). These included mean, variance,
skewness, and kurtosis.
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(mean age 3.6�1.7 years), and 5 cases (11.9%) with other
malignancies. The third category included one case each of
the following malignancies—anaplastic large cell lymphoma,
anaplastic sarcoma, ganglioneuroblastoma, clear cell sarco-
ma, and extraosseous Ewing sarcoma. Texture analyses
(CTTA) were performed for the first two categories as these
were most prevalent in the study population and were
feasible for evaluation.

Analysis of Grayscale Features on CECT
No significant difference was observed among the two
malignancy groups with respect to the patient age, lesion
size (p 0.06), and intralesional heterogeneity (p 0.26).
Although a major proportion of tumors in the NB subgroup
showed a tendency toward encasing the vessels, this
difference was not significant when comparing the two
groups (p 0.1). A significant difference was demonstrated
among both groups when considering presence of calcifi-
cations, with NB exhibiting calcifications in a greater
frequency (p 0.007). Although the NB group had a higher
tendency to exhibit coarse calcifications, this difference
was not significant (►Fig. 2). None of the lesions showed
intraspinal extension.

Statistically significant differences were observed in the
two groups when considering nodal involvement (p 0.04)
and visceral metastasis (p 0.007); NB typically showed a
greater tendency of nodal, hepatic, and skeletal involve-
ment. WT had a lower frequency of metastasis (13.4% in
WT vs. 59.1% in NB) and lung was the only site of distant
spread.

Thirteen cases (86.7%) with WT demonstrated a positive
claw sign and this was not seen in NB. A particular organ of
origin could not be ascertained in four lesions.

CT-Based Texture Analysis Among Two Groups
(►Table 1)
A statistically significant difference was observed when
comparing the variance of the two tumor groups (p-value
<0.05), with NB showing higher intralesional variance val-
ues as compared with the WT subgroups. Such a difference
was not demonstrated by other parameters (mean, variance,
and skewness).

Neuroblastoma Subgroup Evaluation (►Tables 2 and 3)
Among the cases of NB, histological and genetic subtyping
were available for 19 cases; the histological subtyping is as
follows: 12 cases (63.15%) of “UD” category, 6 caseswith “PD,”
and 1 case of “DF” subtypes. For analysis, PD and DF categories
were pooled together and compared with the UD categories.
No significant differences were observed among the grayscale
parameters in between the two tumor subgroups.

A statistically significant difference was demonstrated in
comparison of the variance of the two subgroups (p-value
<0.05); UD NB exhibited higher intralesional variance than
the other categories (►Table 2).

MYCN statuswas available for 19 cases, whichwere consid-
ered for analysis through CTTA. Amplification of the MYCN
gene was observed in 9 cases (47.3%); none of the grayscale
features could aid in differentiation between the two groups,
though it was observed that tumors with absence of MYCN

Fig. 2 Grayscale computed tomography (CT) features of Wilms and neuroblastoma. (A and B) Wilms tumor in a 4-year-old female. Serial axial
contrast-enhanced CT (CECT) images show a large heterogeneous mass with necrotic areas within (asterisk, A and B) in the right side
of the abdomen, reaching up to the midline and forming a claw with the right renal parenchyma (arrows, B). (C–E) Neuroblastoma in a 3-year-old
male. Axial (C) and coronal (D) CECT images show an enhancing right suprarenal mass with central calcifications (arrow). Serial axial CECT
image (E) shows multiple conglomerated retroperitoneal nodes encasing the aorta and bilateral renal arteries (asterisk, E).
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amplification were more frequently calcified (►Fig. 3). On
CTTA, MYCN amplified tumors demonstrated significantly
lower mean values as compared to MYCN nonamplified cases
(p-value 0.02, ►Table 3). Additionally, the two subgroups
demonstrated differences among the variance; this was, how-
ever, not significant (p-value 0.06, ►Table 3).

ROC Curve Analysis
To determine the diagnostic value of CTTA in differentiating
the NB and WT groups, the optimal cutoff value of tumor

variancewas calculated. Avalue of 221.5 yielded a sensitivity
and specificity of 81.0 and 73.3%, respectively, in distinguish-
ing the two groups, with the area under the ROC curve being
0.77 (►Fig. 4).

Similarly, ROC curves were also calculated for differenti-
ating the subtypes of NB. A cutoff intralesional variance value
of 272.4 yielded a sensitivity and specificity of 100.0 and 75%,
respectively, in distinguishing the histological groups (UD vs.
non-UD) with the area under the ROC curve being 0.82
(►Fig. 4).

Table 2 Texture parameters among the histological subgroups of neuroblastoma (n¼19)

Sl. no. Feature Poorly differentiated and differentiating (n¼7)
(median� SD)
[interquartile range]

Undifferentiated (n¼ 12)
(median� SD)
[interquartile range]

p-Value

1. Mean 161.72�16.28
[146.9–170.14]

147.66� 38.83
[120.165–160.9]

0.11

2. Variance 221.52�73.77
[138.98–250.05]

439.08� 236.17
[263.315–589.605]

0.02

3. Skewness 0.07� 0.24
[–0.16, 0.32]

0.04�0.74
[0.03–0.38]

0.79

4. Kurtosis 0.36� 0.59
[–0..24, 1.07]

0.25�3.01
[–0.21, 1.17]

0.9

Abbreviation: SD, standard deviation.
Note: Bold highlighted values indicate statistically significant values within the table; the authors intend to highlight these values.

Table 3 Texture parameters among MYCN amplified and nonamplified neuroblastomas (n¼19)

Sl. no. Feature MYCN amplified (n¼ 9)
(median� SD)
[interquartile range]

MYCN nonamplified (n¼ 10)
(median� SD)
[interquartile range]

p-Value

1. Mean 141.51�41.52
[111.29–146.9]

160.9� 13.64
[149.56–166.99]

0.02

2. Variance 434.2� 243.44
[255.87–620.45]

235.50� 162.04
[114–295.19]

0.06

3. Skewness 0.32� 0.86
[–0.22, 0.29]

0.13� 0.22
[0.03–0.32]

0.41

4. Kurtosis 0.21� 3.49
[–0.38, 0.75]

0.34� 0.63
[0.02–1.07]

0.51

Abbreviation: SD, standard deviation.
Note: Bold highlighted values indicate statistically significant values within the table; the authors intend to highlight these values.

Table 1 Texture parameters of neuroblastoma and Wilms tumor groups (n¼37)

Sl. no. Feature Neuroblastoma (n¼22)
(median� SD)
[interquartile range]

Wilms tumor (n¼ 15)
(median� SD)
[interquartile range]

p-Value

1. Mean 149.31� 34.11
[129.42–162.72]

130.2� 17.73
[126.26–151.56]

0.12

2. Variance 277.39� 230.53
[221.52–469.55]

145.78�89.31
[98.41–253.06]

0.01

3. Skewness 0.05�0.56
[–0.06, 0.29]

0.08� 0.17
[–0.04, 0.17]

0.75

4. Kurtosis 0.30�3.28
[–0.24, 1.07]

–0.01� 0.21
[–0.13, 0.23]

0.19

Abbreviation: SD, standard deviation.
Note: Bold highlighted values indicate statistically significant values within the table; the authors intend to highlight these values.
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An intralesionalmean value of 148was able to distinguish
MYCN amplified from nonamplified tumors with 90% sensi-
tivity and 77.78% specificity; the area under the ROC curve
being 0.82 (►Fig. 4).

Discussion

NB and WT were the two most common pediatric renal
tumors observed in our single-institution study. While WT
is the most common malignant pediatric renal tumor,

heterogeneity due to convenient sampling may account
for the increased number of cases of NB.2,15 Diversified
treatment for both tumors makes it imperative to differ-
entiate between the two, especially on imaging, as tumors
of renal origin are candidates for upfront surgery as
compared to NB, where neoadjuvant chemotherapy plays
an important role especially in advanced categories.2,3,16

Delineation of the exact organ of origin remains the most
important imaging criterion to differentiate among both
tumors.

Fig. 3 Grayscale computed tomography (CT) features of subtypes of neuroblastoma. (A–C) A 2-year-old with differentiated and non-MYCN
amplified neuroblastoma. Axial (A) and serial coronal (B, C) CT images show a large ovoid homogeneous right suprarenal mass with punctate
calcifications (arrow, B) displacing and forming dull edges with right kidney (arrow, C). The index mass reaches up to the midline with
encasement of the right renal artery (yellow arrow, B). (D–F) A 4-year-old with undifferentiated and MYCN amplified neuroblastoma. Axial
contrast-enhanced CT (CECT) image (D) demonstrates an infiltrative necrotic mass infiltrating the entire left kidney with perinephric, contiguous
retroperitoneal extension and consequent vascular encasement (arrows, D). Gross ascites is seen. Axial CT image at the level of liver (E)
shows a hypoenhancing metastatic deposit in the left lobe of the liver (arrow, E). Coronal image in bone window (F) shows multiple sclerotic
lesions in the vertebrae and pelvis (arrows, E) s/o metastatic involvement.

Fig. 4 (A) Receiver operator analysis curve (ROC) for differentiating Wilms tumor and neuroblastoma using variance values on computed
tomography (CT)-based texture analysis (CTTA). The area under the curve (AUC) was calculated for ROC curves, and sensitivity and specificity
were calculated. AUC was 0.77. (B) ROC for differentiating undifferentiated and non-undifferentiated (includes poorly differentiated and
differentiated subtypes) histological types of neuroblastoma using variance values on CTTA. AUC was 0.82. (C) ROC for differentiating MYCN
amplified versus nonamplified neuroblastoma using mean values on CTTA. AUC was 0.82.
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Various imaging features on CT have been used to differen-
tiate the two tumor subgroups and are specially utilized in
large tumors where the organ of origin is not delineated. WT
tends to show infiltrative margins, with areas of necrosis or
hemorrhage within and shows intravascular extension with
metastasis to lungs.15,17 NB, on the other hand, shows homo-
geneity with coarse calcifications and tends to encase vessels
instead of infiltration.We found statistically significant differ-
ences between the two subgroups when considering the
presence of calcifications and frequency of metastasis. These
findings are in agreement with the available literature.15,16

The rest of the evaluated features did not show a significant
difference. Hence, although few grayscale CT features may
assist in distinguishing between the two tumor subgroups,
theycannotbesolely reliedupon foraccuratedifferentiationas
they lackobjectivity. This is especially applicable in large-sized
tumors without distant spread.

Texture analysis has been proposed to provide an objec-
tive, quantitative assessment of tumor heterogeneity by
analyzing the distribution and relationship of voxel gray
levels in an image.7–9,13,14 Different methods of texture
analysis have been applied in previous studies, including
statistical, model, and transform-based methods.7–9 Among
these, statistical-based techniques have beenmost common-
ly applied. In our study, we used first-order statistics, which
evaluate the gray-level frequency distribution from the pixel
intensity histogram in a given area of interest, including
mean intensity, variance or SD, skewness (asymmetry), and
kurtosis (peakedness/the flatness of pixel histogram).

On comparing the texture parameters among the two
subgroups, we found a significant difference in the variance
(p-value<0.05), with theNB subgroup showing higher intra-
lesional variance values as compared with WT
(277.39�230.53 in NB vs. 145.78�89.31 in WT). Other
first-order parameters (mean, variance, and skewness) did
not demonstrate such differences. Although there are few
studies evaluating the texture characteristics of WT on
ultrasonography17 and NB on positron emission tomography
/CT and CT,18,19 there is paucity of literature in the usage of
CTTA in differentiation among the two tumor subgroups,
which limit the comparison of our observed results. Never-
theless, NB is a tumor characterized by genetic and clinical
diversity with unpredictable clinical behaviors, such as
spontaneous regression, tumor maturation, and aggressive
progression refractory to therapy.3 The high intralesional
variance of the NB group observed in the present study may
be representative of the pathological heterogeneity in these
tumors. A cutoff value of 221.5 yielded a sensitivity and
specificity of 81.0 and 73.3%, respectively, in distinguishing
the two groups (AUC 0.77).

NB comprises three different histological subtypes
according to the International Neuroblastoma Pathology
Committee—UD, PD, and DF.3 UD subtype tumors are con-
sidered as biologically unfavorable, while the majority of DF
subtypes are biologically favorable. Tumors in the PD cate-
gory are intermediate with varying levels of favorability,
which is determined byage andmitosis-karyorrhexis index.3

We combined PD andDF categories for analysis and observed

a significant difference on comparison of the variance of the
UD and combined PD and DF subgroups (p-value<0.05),
with UD NB exhibiting higher intralesional variance values
(439.08�236.17 in UD vs. 221.52�73.77 in combined
group). The high variance values may reflect the increased
biological aggressiveness of the UD subtype tumors. Our
findings are clinically relevant because tumor histology is an
important prognostic indicator in NB; hence, early identifi-
cation of UD tumors is imperative for early intervention of
neoadjuvant/adjuvant therapy for improving survival.

MYCN amplification occurs in about 20 to 30% of NBs and
confers an adverse prognosis due to aggressive tumor be-
haviour.3,20 Irrespective of tumor histology and age, pres-
ence of MYCN amplification automatically classifies the
patient as a high-risk category, which has impact on further
management.MYCN amplification status was available for 19
patients in our study. Amplification of the genewas observed
in 9 cases (47.3%) and these tumors demonstrated signifi-
cantly lower mean values as compared to MYCN nonampli-
fied cases (p-value 0.02). Although MYCN amplified tumors
also displayed high intralesional variance, this difference (p-
value 0.06) fell short of being significant in our study. Few
studies are available in preexisting literaturewhere CTTAhas
been utilized to detect MYCN amplification.20–22 Wu et al
suggested that a combinedmodel of radiomics signature and
clinical factors held a superior predictive performance in the
detection of MYCN amplification than using the clinical
model alone, with an improved AUC value from 0.82 to
0.95 in the training cohort and 0.70 to 0.91 in their test
cohort.20 However, our study differs from this study as the
majority of selected features in radiomics were derived from
gray-level run-length matrix, which is a higher-order statis-
tical parameter.

Our study is notwithout limitations. First, a small numberof
patients in each tumor group lead to the asymmetric distribu-
tion, which could have had an impact on the obtained param-
eters. This is especially relevant in the differentiation of the
histological and molecular subtypes of NB in which three
patients could not be included due to unavailability of infra-
structure for detecting MYCN amplification in the earlier
phase of this study. Large-scale prospective studies frommulti-
ple institutions are needed for validation before CTTA can be
brought in routine practice. Second, we did not calculate
second-order and other first-order parameters including
threshold (percentage of pixels within a specified range) and
entropy (irregularity). First-order histogram analysis does not
account for the location of the pixels and lacks any reference to
the spatial interrelationship between gray values. Higher-order
statistics are calculated using neighborhood gray-tone differ-
ence matrices, which examine location and relationships be-
tween three or more pixels. Higher-order features therefore
have the advantages of evaluating voxels in their local context,
taking the relationship with neighboring voxels into account.
Additionally, theobservedparametersmayhavebeen impacted
by the software being used and to a lesser extent by the
acquisition parameters. Finally, since only one observer evalu-
ated the images and placed the ROIs, therefore, a certain
investigator bias cannot be excluded.

Indian Journal of Radiology and Imaging Vol. 36 No. 1/2026 © 2025. Indian Radiological Association. All rights reserved.

CT-Based Texture Analysis in Pediatric Renal and Pararenal Masses Chandola et al.82



Conclusion

CTTA is a useful adjunct to conventional imaging in differen-
tiating between WT and NB, especially in large lesions and
situations when the organ of origin is not ascertained. It
additionally has a potential value in distinguishing among
the various histological subtypes of NB and detection of
MYCN amplified NB, thereby facilitating patient prognosti-
cation and early institution of appropriate treatment in these
tumors.
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