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A B S T R A C T

Rationale and objectives: Classifying brain tumors is challenging, but recently developed imaging techniques offer
the opportunity for neuroradiologists and neurosurgeons to diagnose, differentiate, and manage different types
of brain tumors. Such advances will be reflected in improvements in patients’ life expectancy and quality of life.
Among the newest techniques, the apparent diffusion coefficient (ADC), which tracks the rate of microscopic
water diffusion within tissues, has become a focus of investigation. Recently, ADC has been used as a pre-
operative diffusion-weighted magnetic resonance imaging (MRI) parameter that facilitates tumor diagnosis and
grading. Here, we aimed to determine the ADC cutoff values for pediatric brain tumors (PBTs) categorized
according to the World Health Organization (WHO) classification of brain tumors.
Materials and methods: We retrospectively reviewed 80 cases, and assessed them based on their MRI-derived
ADC. These results were compared with those of WHO classification-based histopathology.
Results: Whole-lesion ADC values ranged 0.225–1.240× 10−3 mm2/s for ependymal tumors,
0.107–1.571× 10−3 mm2/s for embryonal tumors, 0.1065–2.37801× 10−3 mm2/s for diffuse astrocytic and
oligodendroglial tumors, 0.5220–0.7840× 10−3 mm2/s for other astrocytic tumors, and
0.1530–0.8160×10−3 mm2/s for meningiomas. These findings revealed the usefulness of ADC in the differ-
ential diagnosis of PBT, as it was able to discriminate between five types of PBTs.
Conclusion: The application of an ADC diagnostic criterion would reduce the need for spectroscopic analysis.
However, further research is needed to implement ADC in the differential diagnosis of PBT.

1. Introduction

Pediatric central nervous system tumors are rarely seen in clinical
practice globally. Surprisingly, however, they account for the second
most frequent type of cancer in Saudi Arabia, after leukemia, and are
most common among males [1]. It has been reported that 90% of these
tumors are intracranial, and half of them are found in the posterior
fossa in pediatric patients [2]. They are often difficult to manage sui-
tably due to diagnostic complexities, which would involve analytical
interpretations of multiple magnetic resonance imaging (MRI) se-
quences covering a wide array of imaging features and histological
morphologies [3]. Therefore, classifying brain tumors is challenging. It

would be important to provide neuroradiologists and neurosurgeons
with a differential diagnosis tool that could help in the diagnosis and
management of these cases, and hopefully improve patients’ life ex-
pectancy and quality of life.

Diffusion-weighted MRI is a technique that tracks the random
Brownian motion of water particles at the microscopic level within
biological tissues. The apparent diffusion coefficient (ADC) can be de-
termined based on diffusion-weighted images [4,5], and has been used
as a preoperative parameter that allows tumor diagnosis and grading
[5]. Raisi-Nafchi et al. [6] reported an inverse relationship between the
histopathological grade of glial tumors and the minimum apparent
diffusion coefficient (ADCmin). This is attributed to the fact that an
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increase in cellularity increases nuclear-to-cytoplasmic ratios and de-
creases extracellular space in higher-grade lesions, restricting water
diffusion, and vice versa [7–9]. Therefore, restricted diffusion has now
been demonstrated to correspond with the grading of high-grade cer-
ebral tumors in pediatrics [10].

In addition, several reports have proposed the use of ADC values to
distinguish between different histologically variable brain tumors in
pediatric patients [11,12]. Erdem et al. [13] further emphasized the
role of average ADC values in the diagnosis of posterior fossa tumors in
children. One other study suggested that ADC could potentially be used
as a pre-diagnostic measure for predicting brain tumor histopathology
[14].

Overall, however, there have been only few studies on the diffusion-
weighted image characteristics of pediatric patients, with some studies
focusing exclusively on a particular anatomical lesion, such as the
posterior fossa or the cerebellum, while others have included small
sample sizes [15–18]. Moreover, there has been an extensive overlap of
ADC value intervals across different classification groups and criteria,
without clear cutoff values [15].

Thus, further investigation is needed to determine the ADC cutoff
values for pediatric brain tumors (PBTs). Here, we aimed to determine
such cutoff values based on the World Health Organization (WHO)
classification of brain tumors [19], which uses molecular parameters in
addition to analytical histopathology to define many tumor entities,
thus formulating a precise diagnosis of brain tumors. This article pro-
vides evidence towards the application of ADC as a diagnostic criterion
for PBT.

2. Materials and methods

2.1. Study setting

This study was conducted at King Fahd Hospital of the University,
Imam Abdulrahman Bin Faisal University, Eastern Province, Saudi
Arabia, an academic tertiary governmental hospital with a capacity of
600 beds.

2.2. Study design and patients

We used the keyword “brain tumor,” of the ICD-9 coding system, as
well as codes 191.9, 225.0, and 239.6 for benign, malignant, and un-
specified brain tumors, respectively, to obtain pathology reports of in-
terest from the electronic medical files of King Fahd University hospital.
Next, a review of the radiology database was conducted to screen data
collected over the past 10 years. We eventually retrospectively re-
viewed 117 patients diagnosed with a histopathologically confirmed
PBT, on whom brain imaging studies had been performed between
March 2016 and June 2017.

2.3. Inclusion and exclusion criteria

Only lesions measuring more than 1 cm in diameter on MRI and
confirmed by histopathology were included. We excluded cases of
pseudotumors and cases that lacked diffusion-weighted/ADC signals in
their imaging protocol. From the subsequent statistical analysis, we
excluded cases with an insufficient sample size for comparison or with
missing data. In total, we excluded 37 cases of choroid plexus tumors,
mesenchymal and nonmeningothelial tumors, tumors of the sellar re-
gion, and tumors of the pineal region. Therefore, based on the WHO
classification system for brain tumors [19], we included five types of
PBT, namely diffuse astrocytic and oligodendroglioma tumors (49
cases), other astrocytic tumors (7 cases), embryonal tumors (12 cases),
ependymal tumors (5 cases), and meningiomas (7 cases).

2.4. Histopathological reports

The following types of tumors were diagnosed based on histo-
pathology. (A) Supratentotrial tumors: glioblastoma multiforme
(n= 27), anaplastic oligodendroglioma (n= 6), low-grade glioma
(n= 4), craniopharyngioma (suprasellar) (n= 2), neuroblastoma
(metastasis) (n= 2), porencephalic cyst (n= 2), melanotic neuroecto-
dermal tumor (n= 1), adamantinomatous craniopharyngioma (n=1),
oligoastrocytoma WHO grade 2 (n= 1), oligodendroglioma dysem-
bryoplastic (n= 1), primitive neuroectodermal tumor (medullo-
blastoma) (n= 1), vascular spindle cell mesenchymal neoplasm
(n= 1), and vascularized mesenchymal tumor (n=1). (B)
Infratentorial tumors: desmoplastic/nodular medulloblastoma
(n= 13), pilocytic astrocytoma (n=10), anaplastic ependymoma
(n= 7), anaplastic astrocytoma (n= 7), diffuse fibrillary astrocytoma
(n= 3), ependymoblastoma (n=1), ependymoma WHO grade 2
(n= 1), and medulloblastoma large cell/anaplastic tumor (n=1). (C)
Supra- and infratentorial tumors: arachnoid cyst (n= 9), anaplastic
glioma (n=3), gliosarcoma (n= 2), and meningioma (n=1). (D)
Tumors of specific location: brain stem glioma (n=3), choroid plexus
carcinoma (n=2), chordoma (n=2), and pineoblastoma (n=2).
There were no cases of intraventricular tumors in our sample. These
histological results were obtained before the tumors were selected,
based on the inclusion/exclusion criteria.

2.5. Imaging studies

2.5.1. Image acquisition and calculation of ADC values
Brain MRI was performed on a 3-T whole-body system (Magnetom

Skyra; Siemens Medical Solutions, Erlangen, Germany) with a 20-
channel phased array head coil. The imaging protocol included axial
T1-weighted images before and after administration of the intravenous
contrast agent. Further axial echo planar diffusion-weighted images
were obtained for all patients. Acquisition parameters were as follows:
repetition time (TR)= 5154ms; echo time (TE)= 110ms; flip
angle= 90°; field of view=22 cm; number of excitations= 5; ac-
quired resolution=1.5×1.5×5mm]. Two b-values of 0 and 1000s/
mm2 were used. Diffusion gradients were applied in the z, y, and x
directions. ADC maps (mm2/s) were automatically calculated by built-
in scanner software.

2.5.2. Regions of interest
Different regions of interest (ROIs) settings and ADC analyses were

performed as described below:

1 The whole tumor was defined based on contrast-enhanced T1-
weighted and diffusion-weighted imaging (DWI)/ADC images.

2 The ROIs were manually marked onto ADC maps by delineating/
drawing a line around the entire lesion, using a single-voxel tech-
nique by segmenting the whole mass (Fig. 1, panels 1-B, 2-B, 3-B).

3 Additional ROIs were marked by delineating/drawing a line around
the enhanced part of the lesion that had been defined based on
contrast-enhanced T1-weighted and DWI/ADC images. (Fig. 1, pa-
nels 1-C, 2-C, 3-C).

4 The tumor was only evaluated, based on the mean ADC value of the
aforementioned readings, by utilizing the computed mean of the
ADCmin and the maximum apparent diffusion coefficient (ADCmax)
to obtain an average dataset of encountered tumoral properties.

5 Based on the WHO criteria [19], histologically diagnosed WHO III
and IV tumors were defined as “high-grade tumors” and WHO I and
II tumors were defined as “low-grade tumors.”

Three board-certified radiology specialists performed this analysis,
and three neuroradiology consultants reviewed their data by sampling
the measures with subsequent agreement on all results. Cronbach’s
alpha coefficient was 0.949 (i.e., 94.9%), which indicated adequate
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reliability. For the sake of consistency, the results were recorded as the
mean of the two nearest values per ADC value. The kappa test was
conducted to evaluate the obtained agreement significance (> 80%).

2.6. Statistical analysis

Statistical analysis was performed by using SPSS 21.0 version and
MINITAB 17.0 version. Whole-lesion ADC values are presented as the
median and range because the values were not normally distributed.
Comparisons among tumor types were performed by using the
Kruskal–Wallis test. The mean and standard deviation were used for the
presentation of contrast-enhancing ADC values (i.e., ADC values of the
contrast-enhancing tumor regions), and comparisons were performed

by using analysis of variance (ANOVA). Statistical significance was set
at p-values< 0.05.

2.7. Ethical statement

This retrospective cohort study was approved by the institutional
review board of the XXX University and the need for informed consent
was waived. For this type of study formal consent is not required.

Fig. 1. Measurements of ADC values of whole lesions and contrast-enhancing tumor regions and the values’ relationship with the histopathological findings that
provided a provisional diagnosis.
1. A 10-year-old female patient. (a) T1-weighted postcontrast magnetic resonance imaging shows a complex contrast-enhanced cystic lesion in the right middle
frontal gyrus with a mass effect upon the ipsilateral ventricle and a midline shift toward the left side. (b) The ADC value of the complex cystic lesion is
0.211×10−3 mm2/s. (c) The ADC value of the solid component is 80× 10−3 mm2/s. (d) Histopathological analysis reveals small undifferentiated cells with
hyperchromatic nuclei and scanty cytoplasm arranged around blood vessels with microvascular proliferation, aggressive behavior, and extensive necrosis (D1, D2) (H
&E, × 400). The IHC analysis reveals positive immunoreactivity for GFAP (D3) and synaptophysin (D4) (IHC, ×400). These findings are consistent with ependy-
moblastoma versus anaplastic ependymoma, which lies within the computed range of ependymal tumor ADC values.
2. A 16-year-old female patient. (a) The T1-weighted postcontrast MRI shows a complex cystic lesion with necrotic portions that involve the bilateral frontal region
and right temporal region. (b) The ADC value of the complex lesion is 201× 10−3 mm2/s. (c) The ADC value of the solid component is 166×10−3 mm2/s. (d)
Histopathological analysis reveals “boxed in” cells with cytoplasmic clearing and “chicken wire” vasculature (D1) with extensive calcification (D2) (H&E, × 400).
These features are consistent with oligodendroglioma and the ADC value lies within the computed range of diffuse astrocytic and oligodendroglial tumor ADC values.
3. A 9-year-old-male patient. (a) The T1-weighted post-contrast MRI shows a lobulated, contrast-enhancing solid lesion within the posterior fossa that caused a mass
effect upon the fourth ventricle with obstructive hydrocephalus. (b) The ADC value of the lesion is 146×10−3 mm2/s. (c) The ADC value of the solid component is
123× 10−3 mm2/s. (d) Histopathological analysis reveals a highly cellular tumor mass of undifferentiated cells with variable growth patterns. The mass includes
small, round to carrot–shaped uniform cells with hyperchromatic nuclei and wispy cytoplasm (D2), often with a distinct fibrillary background composed of cellular
processes consistent with medulloblastoma. The ADC value lies within the computed range of embryonal tumor ADC values (D1, D2)
Abbreviations: ADC, apparent diffusion coefficient; GFAP, glial fibrillary acidic protein; H&E, hematoxylin and eosin; IHC, immunohistochemistry; MRI, magnetic
resonance imaging
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3. Results

3.1. Descriptive analysis of the study patients

We retrospectively reviewed 80 cases with a histopathologically
confirmed PBT. The mean age of the children was 11.03 ± 6.61 years,
with a predominance of males (78 [66.7%]) over females (39 [33.3%]).
Axial relationships revealed that the majority of cases (73 [62.4%])
were intra-axial tumors, followed by extra-axial (26 [22.2%]) and in-
terventricular tumors (18 [15.4%]). There was a slight predilection for
the left side vs. the right side (43 [36.8%] vs. 39 [33.3%]). The frontal
lobe was predominantly involved (38 [32.5%]), followed by the tem-
poral lobe (25 [21.4%]). The vast majority of cases had solitary lesions
(103 [88.0%]), but multicentric/multifocal lesions were also observed
(14 [12.0%]). Tumor growth characteristics, such as central necrosis
(63 [53.8%]), herniation (37 [31.6%]), hemorrhage (16 [12.8%]), and
midline shifts (50 [42.7%]) were observed. The majority of lesions (93
[79.5%]) showed no restriction on diffusion sequences.

3.2. Preoperative signal analysis

Compared with gray matter signal intensity, the T2-weighted signal
analysis showed high signal intensity in approximately one-half of cases
(53 [45.3%]). The remaining lesions showed variable signal intensities
ranging from intermediate intensity (10 [8.5%]) to low (30 [25.6%]) or
ISO (1 [0.9%]) signal intensity. The diffusion-weighted signal analysis
showed variable diffusions, and ranged from high diffusion (19
[16.2%]) to intermediate (7 [6.0%]), ISO (1 [0.9%]), or low (48
[41.0%]) diffusion. Reformatted ADC signal analysis showed different
values ranging from high signal (28 [23.9%]) to intermediate (5
[4.3%]), ISO (2 [1.7%]), or low (59 [50.4%]) signal.

3.3. Brain tumor statistics

Whole-lesion ADC values were significantly different among the
types of PBTs (p= 0.030, Kruskal–Wallis test; Table 1). Fisher’s pair-
wise comparisons (Fig. 2) revealed significant differences (p < 0.05)
between embryonal tumors and meningiomas. There were also sig-
nificant differences between diffuse astrocytic and oligodendroglial
tumors and meningiomas. ADC values were more scattered in embry-
onal tumors as well as in diffuse astrocytic and oligodendroglial tumors
(Fig. 3). The dispersion of ADC data was lower in higher-grade tumors
than in low-grade tumors. There were no significant differences in ADC
values of the contrast-enhancing tumor regions between the types of
PBTs (p= 0.878; Table 2, Fig. 4).

Whole-lesion ADC values ranged 0.225–1.240× 10−3 mm2/s for
ependymal tumors, 0.107–1.571×10−3 mm2/s for embryonal tumors,
0.1065–2.37801×10−3 mm2/s for diffuse astrocytic and oligoden-
droglial tumors, 0.5220–0.7840×10−3 mm2/s for other astrocytic

tumors, and 0.1530–0.8160×10−3 mm2/s for meningiomas.

4. Discussion

Diffusion-weighted imaging is a key sequence for the diagnosis of
cerebral infarction, abscesses, brain neoplasms, etc. In recent years,
DWI has been used in the diagnosis of brain tumors with promising and
sometimes controversial results [17,20,21]. In this study, we first hy-
pothesized that, because tissue water mobility is intimately and directly
dependent on tissue microstructure, tumor heterogeneity would man-
ifest as an intervoxel difference of the calculated ADC value. We found
that ADC may be useful in the differential diagnosis of PBT because it
allowed the discrimination between five types of PBTs.

Our findings are in line with those of previous studies that proposed
that the calculated ADC value can be used to differentiate between
primitive neuroectodermal tumor/medulloblastoma and other supra-
and infratentorial tumors [12,14]. Pilocytic astrocytomas have sig-
nificantly higher average ADC values than those of ependymomas and
medulloblastomas; however, a clear cutoff point to differentiate be-
tween ependymomas and medulloblastomas has not been established
[13].

Diffusion-weighted imaging and ADC maps have been correlated
with tumor grade, and their relationship with tumor cellularity has
been established [20,22]. For instance, Murakami et al. [22] demon-
strated that regions exhibiting ADCmin corresponded to the foci of the
highestgrade gliomas and that high ADC difference values (i.e., be-
tween the upper limit and ADCmin) strongly corresponded with overall
high-grade lesions rather than low-grade lesions. Porto et al. [20] ret-
rospectively studied 36 PBTs, divided them into low grade and high
grade, measured the ADCmin cutoff and average ADC values, and
compared these values between the low-grade and high-grade tumors.
Some attempts were made to identify ADC value ranges that could be
used to predict a particular tumor type. Rumboldt et al. [17] studied 32
pediatric cerebellar tumors and identified cutoff points specifically for
juvenile pilocytic astrocytomas, medulloblastomas, and atypical ter-
atoid/rhabdoid tumors. In addition, Gimi et al. [18] studied 79 pedia-
tric cerebellar tumors and clarified the potential thresholds for diag-
nosing various types of cerebellar tumors—specifically, pilocytic
astrocytomas, medulloblastomas, ependymomas, and seven atypical
teratoid/rhabdoid tumors. Our study is novel in that it extended the
investigations to supra- and infratentorial tumors, rather than being
restricted to the posterior fossa or cerebellar tumors, and addressed

Table 1
Comparison of whole-lesion ADC values across different PBT types.

PBT type as per WHO classification (20)
(N)

ADC
Median (range), ×10−3

mm2/s

P value

Ependymal tumors (5) 0.595 (0.225–1.240) 0.030*

Embryonal tumors (12) 1.016 (0.107–1.571)
Diffuse astrocytic and oligodendroglial

tumors (49)
1.0110 (0.1065–2.37801)

Other astrocytic tumors (7) 0.6790 (0.5220–0.7840)
Meningiomas (7) 0.2950 (0.1530–0.8160)

Abbreviations: ADC, apparent diffusion coefficient; PBT, pediatric brain tumor;
WHO, World Health Organization.
* Statistically significant by KruskalWallis test. Statistical significance was

set at p-values< 0.05.

Fig. 2. Fisher’s pairwise comparisons of whole-lesion ADC values between
different PBT types.
Fisher’s pairwise comparisons show a significant difference between embryonal
tumors and meningiomas and between diffuse astrocytic and oligodendroglial
tumors and meningiomas. If an interval does not contain zero, the corre-
sponding means are significantly different
A = “ependymal tumors”, B = “embryonal tumors”, C = “diffuse astrocystic
and oligodendroglial tumors”, D = “other astrocystic tumors”, G = “me-
ningiomas”.
Abbreviations: ADC, apparent diffusion coefficient; PBT, pediatric brain tumor
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some rare types of PBTs such as meningiomas and oligodendroglial
tumors that have not been evaluated previously. Moreover, we in-
vestigated embryonal tumors such as medulloblastomas and neuro-
blastomas.

Some studies contradict our findings and previous findings. In 56
patients, Kono et al. [7] examined the solid portions and peritumoral
hyperintense areas with four main types of tumors (i.e., glioblastoma,
low-grade astrocytoma, metastatic tumor, and meningioma) and con-
cluded that ADC values could not be reliably applied to predict the
tumor type in individual patients [7]. Zonari et al. [23] found no sig-
nificant difference in the minimum ADCs of low-grade versus high-
grade glial tumors. Catalaa et al. [24] reported that ADCs could not be
used to distinguish between different tumor grades. Their conclusions
may be explained by the fact that they used methodology and sample
sizes that differed from those in the aforementioned studies.

In general, few studies exist on the diffusion-weighted image char-
acteristics of pediatric patients. Previous reports have been limited by
small sample sizes or by their focus on particular types of PBT with
characteristic anatomical locations, especially those in the posterior
fossa and cerebellar regions [15–17,25]. Other studies have focused
solely on grading a single type of tumor [22,26,27], or have proposed a
specific histogram pattern that defined a particular type of PBT by using
mathematical equations, which suggests the ability to use ADC maps to
predict certain types of PBTs or their current grade [21,28]. Surgical
biopsy has significant risks in morbidity and mortality, whereas ob-
taining a definitive diagnosis and discriminating between tumors by
using DWI may be possible. However, ADC cutoff values need to be
established.

It is recognized that an indistinct type of tumor (e.g., glioma) de-
monstrates a broad range of histological features that change from low-
to high-grade; thus, the calculated ADCs within a given frame can vary

widely between different regions of a tumor. An ADC derived from
regional ROIs will likely obscure tissue heterogeneity in highly cellular
tumors such as high-grade gliomas [23]. Nevertheless, the selection of a
localized area within a tumor can differ subjectively and may be prone
to sampling bias [29,30].

A more objective approach that is superior to manual placement of
regional ROIs would be to analyze the ADC value of the entire volume
of the lesion. This approach should provide quantitative information
about mixed tissue cellularity and reflect the characteristics of the

Fig. 3. Distribution of mean ADC values for different types of PBTs.
(a) The scatter plot shows the ADC data are more scattered for embryonal and diffuse astrocytic and oligodendroglial tumors. (b) The box plot shows less dispersion
for meningiomas, compared with other tumors
Abbreviations: ADC, apparent diffusion coefficient; PBTs, pediatric brain tumors

Table 2
Comparison of ADC values of contrast-enhancing PBT regions in T1-weighted images.

PBT type as per WHO classification (20) (N) ADC P value

Mean (SD) 95% CI

Ependymal tumors (5) 0.631 (0.45) 0.256–1.007 0.878
Embryonal tumors (12) 0.674 (0.30) 0.367–0.981
Diffuse astrocytic and oligodendroglial tumors (49) 0.7316 (0.35) 0.537–0.925
Other astrocytic tumors (7) 0.825 (0.42) 0.449–1.201

Abbreviations: ADC, apparent diffusion coefficient; CI, confidence interval; PBT, pediatric brain tumor; SD, standard deviation; WHO, World Health
Organization.
Note: Meningiomas are non-enhancing lesions; therefore, they were not included in this analysis.

Fig. 4. Median ADC values of contrast-enhanced tumor regions for different
types of PBTs.
The plot chart with 95% confidence intervals shows that ADC values of con-
trast-enhanced tumor regions are insufficient for differentiating between PBT
types (p= 0.878). The pooled standard deviation was used to calculate the
intervals
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tumor as a whole. Our study combined this method with analytical
histograms, which have been used to determine cutoff points for ADC
values. These cutoff points could be used clinically to discriminate
between multiple groups of PBTs and to evaluate the diagnostic per-
formance of ADC maps at b-values of the standard 1000s/mm2 and as
high as 3000 s/mm2. This has been implemented in a recently validated
WHO classification system [19], which represents a conceptual and
practical advance over its 2007 predecessor [31].

The latest WHO classification system uses molecular parameters and
histopathology to define many tumor entities, and thus formulating a
structured standard of how brain tumors should be diagnosed, based on
their genetic and molecular backgrounds. Based on the new brain
tumor classification [19], implementing molecular validations in the
diagnostic process is more reliable than histology in predicting survival
and tumor behavior. Witt et al. [32] demonstrated that utilizing mo-
lecular data is useful for distinguishing between rare medulloblastoma
subgroups (e.g., WNT) with a similar prognosis as pilocytic astro-
cytomas, whereas histological grading of posterior fossa ependymomas
is not as useful as molecular data in distinguishing between subgroups.

In pediatric central nervous system tumors, histological diagnosis of
oligodendroglioma is challenging. The diagnosis of oligodendroglioma
and anaplastic oligodendroglioma requires the presence of the iso-
citrate dehydrogenase (IDH) gene family mutation and whole-arm
losses of both 1p and 19q. This criterion was validated in our included
samples of this type. However, most tumors in childhood that histolo-
gically resemble oligodendroglioma often do not demonstrate isocitrate
dehydrogenase gene family mutation and 1p/19q codeletion [19].
Oligodendrogliomas are very rare in children, and some authors believe
they are virtually absent.

These diagnostic criteria are poorly applicable in clinical practice.
The present study sought to determine cutoff values that could be ra-
pidly and reliably implemented. Our results indicated a significant
difference in ADC values among the included types of PBTs, with a
Pearson’s correlation coefficient of 0.030 (Table 1). This statistical
difference was confirmed on analytical histograms (Figs. 2–4). By
contrast, the ADC values of contrast-enhancing tumor regions did not
adequately differentiate between tumor types (p=0.878).

Our study was limited in that it was a retrospectively designed co-
hort study. We advocate for prospective application of our methodology
in a sufficient sample size. The whole tumor was determined, based on
contrast-enhanced T1-weighted and DWI/ADC images. However, a few
of the encountered tumors were not enhanced and other tumors may
have been variable in time enhancement. In fact, the evidence of the
Response Assessment in Pediatric Neuro-Oncology (RAPNO) criteria for
low-grade gliomas (n= 4 in this study) does not suggest using post-
contrast sequences to define the tumor burden, but the T2WI [33].

Whole-lesion ADC values may potentially be used to discriminate
between the PBT types included in this study, which suggests that the
ADC can be used as a diagnostic criterion. This method is easily applied
because ADC can be calculated using automated software. Using this
method only is a possible approach. However, multiparametric corre-
lations is a better approach. Apparent diffusion coefficient, more im-
portantly, could provide a fast, provisional differential diagnosis
without requiring biopsy, which requires lengthy histopathological
analysis to obtain a precise diagnosis.

The ADC is an easily calculated parameter that could be used to
discriminate between five types of PBTs—namely, meningiomas, dif-
fuse astrocytic and oligodendroglial tumors, ependymal tumors, and
embryonal tumors. The conventional method requires collecting a
biopsy specimen, sending it to a histopathology laboratory for analysis,
and awaiting the results. By contrast, the proposed cutoff values of ADC
ranges may provide a rapid diagnosis and aid in excluding other types
of tumors. Even with an optimized technique for determining the ob-
jective ADCmin in each tumor, our study was limited by a true overlap
between diffusion characteristics. The overlap is accounted for by
technical difficulties in ADC measurement (in small, hemorrhagic, or

calcified tumors) and by variations in tumor pathology. The application
of an ADC diagnostic criterion would reduce the need for spectroscopic
analysis. However, further research is needed to implement ADC in the
differential diagnosis of PBT.

5. Conclusions

The ADC is an easily calculated parameter that could be used to
discriminate between five types of PBTs—namely, meningiomas, dif-
fuse astrocytic and oligodendroglial tumors, ependymal tumors, and
embryonal tumors. The conventional method requires collecting a
biopsy specimen, sending it to a histopathology laboratory for analysis,
and awaiting the results. By contrast, the proposed cutoff values of ADC
ranges may provide a rapid diagnosis and aid in excluding other types
of tumors. Even with an optimized technique for determining the ob-
jective ADCmin in each tumor, our study was limited by a true overlap
between diffusion characteristics. The overlap is accounted for by
technical difficulties in ADC measurement (in small, hemorrhagic, or
calcified tumors) and by variations in tumor pathology. The application
of an ADC diagnostic criterion would reduce the need for spectroscopic
analysis. However, further research is needed to implement ADC in the
differential diagnosis of PBT.
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