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Wilms tumor (WT) and neuroblastoma (NB) are the most common pediatric abdominal 
malignant neoplasms of adjacent organs (1). Diagnostic imaging and laboratory findings 
are helpful for a precise diagnosis, which is necessary for management of these tumors, but 
on occasion making a correct diagnosis can be challenging (1–5). When a large-sized NB in-
vades the kidney, it can be misdiagnosed as an exophytic WT (2). In addition, NB can display 
radiologic findings that are typical for WT, such as thrombosis in the renal vein, inferior vena 
cava, and/or right atrium, or rarely, lung metastases (3).

Diffusion-weighted imaging (DWI) is based on random movements of water molecules 
(Brownian motion) and has gained popularity in the determination of ischemia, infection, 
and fibrosis in radiology practice. Also, DWI can be used for the detection and characteriza-
tion of abdominal tumors as well as monitoring the therapy response (6, 7). In the medical 
literature, several studies have assessed the utility of diffusion properties for differentiation 
of benign and malignant pediatric abdominal masses (8–12). However, data about the DWI 
characteristics of WT and NB are very rare (1, 3, 8–11). This study mainly focused on DWI 
properties of WT and NB and the ability to distinguish between them before a treatment 
decision. 

Methods
The institutional review board approved the retrospective design of the study, and the 

need for informed consent was waived. All procedures performed in studies involving hu-
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P E D I AT R I C  R A D I O LO G Y
O R I G I N A L  A R T I C L E 

PURPOSE  
Wilms tumor (WT) and neuroblastoma (NB) are the most common pediatric abdominal malig-
nant neoplasms of the kidney and adrenal gland. Differentiating them from each other is essen-
tial since their treatments are different. Here, we aimed to show the diffusion characteristics of 
WT and NB for differentiation. 

METHODS
Diffusion-weighted imaging (DWI) of 17 histopathologically diagnosed lesions (10 NB and 7 WT 
in 8 female and 9 male patients) was evaluated retrospectively. The apparent diffusion coeffi-
cient (ADC) value for each tumor was calculated using region-of-interest (ROI) measurements 
by two observers. The mean ADC values were compared, and receiver operating characteristics 
(ROC) curve analysis was performed. Intraclass correlation was evaluated for the reliability of 
ADC measurement. 

RESULTS
The mean ADC values measured by two observers were 0.787±0.09 ×10-3 mm2/s and 0.768±0.08 
×10-3 mm2/s for WT, and 0.524±0.16 ×10-3 mm2/s and 0.529±0.16 ×10-3 mm2/s for NB, respectively 
(P = 0.006 and P = 0.011). Intraclass correlation coefficient was 0.955. Utilizing ROC curve analysis, 
a cutoff ADC value of ≤0.645 ×10-3 mm2/s was obtained to differentiate NB from WT. 

CONCLUSION
ADC values of NBs were significantly lower than WT with a perfect interobserver agreement. We 
suggest that DWI may have a role in differentiating the two tumors.

You may cite this article as: Aslan M, Aslan A, Arıöz Habibi H, et al. Diffusion-weighted MRI for differentiating Wilms tumor from neuroblastoma. Diagn 
Interv Radiol 2017; 23:403–406.
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man participants were in accordance with 
the ethical standards of the institutional 
and/or national research committee and 
with the 1964 Helsinki declaration and its 
later amendments or comparable ethical 
standards.

Patients
The hospital information system was 

searched for patients diagnosed as WT or 
NB by histopathologic evaluation between 
July 2011 and December 2015. Twenty pa-
tients who met this criterion were identi-
fied. The radiology database was searched 
for MRI examinations of identified patients 
before diagnostic tru-cut biopsy or sur-
gery, and the MRIs of all twenty patients 
were found. MRIs were further evaluated 
for diagnostic quality and presence of DWI. 
Two patients’ MRI examination that did not 
include DWI and the third patient’s MRI ex-
amination that had a nondiagnostic DWI 
due to motion artifact were excluded from 
the study. Finally, seventeen patients with 
MRIs performed prior to any intervention 
were included in the survey. Patient’ age 
(months), gender, and interventions (biop-
sy or surgery) were noted.

Magnetic resonance imaging
MRI examinations were performed on 

a 1.5 Tesla MRI scanner (Avanto, Siemens 
Medical Solutions). Patients fasted for at 
least 4–6 hours before the MRI. MRIs were 
performed with the children sedated or un-
der general anesthesia, in the supine posi-
tion with the arms raised. Axial T1-weighted 
imaging  single-shot fast spin-echo (SSFSE), 
respiratory triggered T2-weighted imaging 
SSFSE, fat-suppressed T1- and T2-weighted 
imaging, in- and out-of-phase T1-weighted 
imaging and dynamic contrast-enhanced 
axial 3D T1-weighted gradient echo fat-sup-
pressed (VIBE) images were obtained in axi-
al, coronal, and sagittal planes. The dynamic 
contrast-enhanced (DCE-MRI) sequence 
was performed after contrast administra-

tion (Gadoterate meglumine, Dotarem, 
Guerbet) of 0.2 mL/kg into the antecubi-
tal vein at a rate of 1 mL/s followed by a 6 
mL saline flush. Respiratory triggered and 
fat suppressed single-shot echo planar 
DWI was obtained with a b value of 0, 50, 
400, and 800 s/mm² and tridirectional dif-
fusion gradients before DCE-MRI on the 
axial plane. The parameters for DWI were 
TR, 6300 ms; TE, 79 ms; slice thickness, 4 
mm; slice gap, 0.9 mm; matrix, 192×192; 
and FOV, 250 mm. Apparent diffusion co-
efficient (ADC) maps were automatically 
generated from DWI obtained at b values 
of 0, 50, 400, and 800 s/mm² using standard 
postprocessing software.

Data collection and image analysis
The final diagnosis of WT or NB was made 

by histopathologic analysis. Two observers 
experienced in pediatric abdominal radiol-
ogy and blinded to patient diagnosis eval-
uated the MRI in consensus. The T1- and 
T2-weighted imaging was used to delineate 
regions of necrosis and hemorrhage within 
the primary tumor if present. The signal 
intensity of WT and NB related to normal 
appearing renal parenchyma were noted as 
hypo, iso, or hyperintense. The contrast-en-
hanced fat-suppressed T1- weighted axial 

images were used for the measurement of 
tumor size since tumor borders were clearly 
outlined on this sequence. Maximum size, 
measured in any plane, was accepted as the 
tumor size. Both WT and NB were evaluated 
for vascular encasement (abdominal aorta 
and/or its branches), aortic displacement, 
and midline crossing. In addition, the pres-
ence of claw sign in WT and patient’s diag-
nosis regarding conventional MRI findings 
were noted.

The circle region-of-interest (ROI) of 0.2 
cm2 was placed on ADC maps that dis-
played maximum contrast enhancement 
on contrast-enhanced T1-weighted imag-
ing. Two observers measured ADC values 
independently on a workstation. The mean 
of at least four ADC measurements from 
different tumor sites was used for statisti-
cal analysis (Figs. 1 and 2). The T2-weighted 
images were used to avoid measurements 
from cystic necrotic areas. Also, maximum 
care was given to prevent measurements 
from regions of hemorrhagic or necrotic/
cystic areas.

Statistical analysis
All lesions were classified as WT or NB by 

histopathologic findings, and ADC values 
were compared by utilizing the MedCalc 

Main points

•	 Precise diagnosis is essential since 
the treatment of Wilms tumor and 
neuroblastoma are different.

•	 Diffusion-weighted imaging can be helpful 
for differentiating between challenging 
cases of neuroblastoma and Wilms tumor.

•	 Diffusion-weighted imaging should be a part 
of abdominal magnetic resonance imaging.

Figure 1. a, b. A 60-month-old girl with a 10.5 cm sized Wilms tumor. The tumor on the left kidney (a, 
arrows) doses not cross the midline and is hyperintense relative to paraspinal muscles on DWI. The 
mean ADC value of the selected ROI is 0.855 ×10-3 mm2/s (b).

a b

Figure 2. a, b. A 24-month-old girl with a 4.5 cm sized neuroblastoma. The tumor (a, arrows) is 
confined to the right adrenal region and is hyperintense on DWI. The mean ADC value of the selected 
ROI is 0.448 ×10-3 mm2/s (b).

a b



Statistical Software version 12.7.7 (MedCalc 
Software bvba). Mann-Whitney U test was 
performed to analyze continuous variables 
due to a low number of observations caus-
ing normality test to fail. Pearson chi-square 
and Fisher-Freeman-Halton tests were used 
to compare the nonparametric variables. 
Receiver operating characteristics (ROC) 
curve analysis was performed to determine 
optimal cutoff values of numeric data that 
showed a significant difference. The Youden 

index was chosen for estimating the opti-
mal cutoff values. The intraclass correlation 
coefficient (ICC) was evaluated to deter-
mine the reliability of ADC measurements 
by ROI. Spearman correlation analysis per-
formed to display the correlation between 
histopathologic diagnosis and morphologic 
diagnosis regarding conventional MRI. Cor-
relation was accepted as poor if <0.4, fair if 
between 0.4 and 0.59, good if between 0.6 
and 0.74, and excellent if between 0.75 and 

1.00. A significant difference was deter-
mined with bidirectional P < 0.05.

Results
All 17 patients underwent surgery 

and were diagnosed as WT or NB histo-
pathologically. There were 8 females and 
9 males: 3 females and 4 males had WT; 5 
females and 5 males had NB. The mean 
age was 46.36±21.55 months (range, 
4.5–72 months) for patients with WT and 
21.40±16.64 months (range, 2–50 months) 
for patients with NB (P = 0.025). The mean 
lesion size was 11.9±4.94 cm (range, 4.5–20 
cm) for WT and 7.53±3.49 cm (range, 3.8–12 
cm) for NB (P = 0.070). Signal intensity on 
T1- and T2-weighted imaging, presence of 
necrosis, hemorrhage, and aortic displace-
ment between WT and NB were not signifi-
cantly different, while vascular encasement 
and midline crossing were nearly significant 
for neuroblastoma (P = 0.050 for both pa-
rameters; Table 1). The claw sign was only 
present in 5 patients with WT (71.4%). Ob-
servers diagnosed all NB and 6 WT correct-
ly based on MRI features (Spearman’s rho 
rs=0.883, P ≤ 0.001).

The mean ADC values measured by two 
observers were 0.787±0.09 ×10-3 mm2/s 
and 0.768±0.08 ×10-3 mm2/s for WT and 
0.524±0.16 ×10-3 mm2/s and 0.529±0.16 
×10-3 mm2/s for NB, respectively (P = 0.006 
and P = 0.011) (Table 2). ICC for the reliabil-
ity of ADC measurements was excellent 
(ICC=0.955). Using the Youden J index on 
ROC curve analysis, threshold values of 0.645 
×10-3 mm2/s and 0.646 ×10-3 mm2/s were ob-
tained for ADC values in differentiating NB 
from WT, respectively. Sensitivity, specificity, 
positive and negative predictive values, posi-
tive and negative likelihood ratios, and accu-
racy values are presented in Table 2.

Discussion
A precise diagnosis of WT or NB is essen-

tial before treatment since management 
and treatment of these tumors are quite dif-
ferent. Nephrectomy is the first step for WT 
treatment, while neoadjuvant chemother-
apy is the mainstay for patients with high-
risk abdominal NB, to preserve the kidney 
and its functions before surgery (4, 5). WTs 
are generally spherical intrarenal tumors 
with a pseudocapsule and contain calcifi-
cation in 9% of cases, whereas NBs contain 
calcifications in approximately 90% of pa-
tients. On T1-weighted imaging, WT is iso-
intense, while NB is generally hypointense. 
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Table 1. MRI findings of Wilms tumor and neuroblastoma 

		  Neuroblastoma	 Wilms tumor	 P

T1-WI SIa	 Hypointense	 4 (5.3)	 5 (3.7)	 0.503b

	 Isointense	 4 (3.5)	 2 (2.5)	

	 Hyperintense	 2 (1.2)	 0 (0.8)	

T2-WI SIa	 Hypointense	 2 (1.2)	 0 (0.8)	 0.485c

	 Hyperintense	 8 (8.8)	 7 (6.2)	

Necrosis	 Present	 6 (5.3)	 3 (3.7)	 0.637c

	 Absent	 4 (4.7)	 4 (3.3)	

Hemorrhage	 Present	 1 (1.2)	 1 (0.8)	 1.000c

	 Absent	 9 (8.8)	 6 (6.2)	

Vascular encasement	 Present	 7 (4.7)	 1 (3.3)	 0.050c

	 Absent	 3 (5.3)	 6 (3.7)	

Aortic displacement	 Present	 1 (2.4)	 3 (1.6)	 0.250c

	 Absent	 9 (7.6)	 4 (5.4)	

Crossing midline	 Present	 7 (4.7)	 1 (3.3)	 0.050c

	 Absent	 3 (5.3)	 6 (3.7)	

Cell values are observed (expected) values.
T1-WI SI, T1-weighted imaging signal intensity; T2-WI SI, T2-weighted imaging signal intensity.
aSignal intensity patterns were relative to kidney parenchyma; bPearson chi-square; cFisher’s exact test.

Table 2. ROC curve analysis of ADC values to discriminate neuroblastoma from Wilms tumor 

	 Observer 1	 Observer 2

AUC	 0.90 (0.658–0.991)	 0.871 (0.622–0.982)

P	 <0.001	 <0.001

Cutoff value (x10-3 mm2/s)	 ≤0.645 	 ≤0.646 

Youden index J	 0.8 (0.5–1.0)	 0.8 (0.5–1.0)

Sensitivity (%)	 80 (44.4–97.5)	 80 (44.4–97.5)

Specificity (%)	 100 (59–100)	 100 (59–100)

PPV (%)	 100 (95.4–100)	 100 (95.4–100)

NPV (%)	 83.3 (76.6–88.9)	 83.3 (76.6–88.9)

(+) likelihood ratio	 ∞	 ∞

(-) likelihood ratio	 0.2 (0.06–0.7)	 0.2 (0.06–0.7)

Accuracy (%)	 90	 90

Numbers are given with 95% confidence intervals in parentheses.
ROC, receiver operating characteristics; ADC, apparent diffusion coefficient; AUC, area under the curve; PPV, positive 
predictive value; NPV, negative predictive value.
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But, on T2-weighted imaging, both WT and 
NB are hyperintense relative to the kidney 
parenchyma. WT and NB may contain cystic 
components due to intratumoral hemor-
rhage, necrosis, and the obstruction of the 
renal pelvis and collecting system. Thus, 
heterogeneous contrast enhancement can 
be observed on MRI or CT. WT can invade 
the inferior vena cava and extend into the 
right atrium, while NB can encase aorta and 
its branches. However, these findings are of-
ten not helpful for the discrimination of WT 
and NB particularly when big masses are 
present. Therefore, discriminating WT from 
NB can be challenging.

We found that NB has significantly lower 
ADC value than WT in our study. This differ-
ence could be due to higher cellular den-
sity and less necrosis in NB relative to WT. 
There are a few studies concerning the role 
of DWI for the pediatric abdomen, which 
are generally for the differentiation of ma-
lignant pediatric abdominal masses from 
benign masses. The results of these studies 
are conflicting. Humphries et al. (8) found 
insignificant ADC values, while Kocaoğ-
lu et al. (9) and Gawande et al. (11) found 
significantly lower ADC values in malignant 
masses than in benign masses. Platzer et al. 
(12) compared the DWI findings in pediat-
ric renal masses and obtained insignificant 
ADC values. Gahr et al. (10) revealed signif-
icant differences concerning ADC values in 
subtypes of NB, namely ganglioneuroma, 
ganglioneuroblastoma, and NB. The mean 
ADC value of patients with WT in our study 
was similar to the studies of Kocaoğlu et al. 
(9) and Gawande et al. (11), but lower than 
the value obtained by Humphries et al. (8) 
which included three patients with WT and 
measured the ADC values with various sized 
ROIs (between 1 and 82 cm2). This measure-
ment strategy might be responsible for the 
high ADC values in their study since they 
presumably included both solid and cystic 
parts of the tumors (8). We placed smaller 
ROIs (0.2 cm2) that included only the most 
enhancing areas of lesions on DCE-MRI, as 
did Kocaoğlu et al. (9) and Gawande et al. 
(11). We also looked for the interobserver 

agreement to display the repeatability of 
our ROI measurements since we used small 
ROIs. We found an ICC of 0.955, indicating 
excellent agreement.

Our significantly lower ADC values of NB 
were also lower than the mean ADC values 
of NBs in previous studies (9–11). In our 
study, one patient had a differentiated NB 
while the rest of the tumors were undif-
ferentiated or poorly differentiated, which 
could explain the difference. The diffusion 
of poorly differentiated and undifferentiat-
ed NB was much more restricted than the 
differentiating NB due to the excessively 
disorganized cells and reduced extracel-
lular space, which causes highly restricted 
diffusion on DWI (13).

In this study, the signal intensity on T1- 
and T2–weighted imaging, the presence of 
necrosis and hemorrhagia, and aorta dis-
placement were not statistically significant, 
but the vascular encasement and the mid-
line crossing were suggestive for NB (4, 5). 
We morphologically diagnosed all NBs and 
six cases of WT definitively using MRI fea-
tures. The one WT that we could not defini-
tively diagnose encased the left renal artery 
and crossed the midline morphologically. 
However, it had high ADC value of 0.906 
×10-3 mm2/s compatible with our findings. 
When evaluating the ADC values, two pa-
tients with NB had ADC values higher than 
0.645 ×10-3 mm2/s. Among them, one lesion 
was confined to the adrenal gland, and the 
other one displayed vascular encasement, 
midline crossing and had liver and bone 
metastasis, which were typical for NB.

In this study, the small number of pa-
tients could be considered as a limitation. 
However, both NB and WT have low prev-
alences, and we eliminated patients with 
low-quality images and artifacts.

In conclusion, DWI should be a part of pe-
diatric abdominal MRI, which may be help-
ful in characterizing and differentiating NB 
from WT, particularly if they have equivocal 
features.  
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