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Field Strength/Sequence: Abdominal MRI including T1- and T2-weighted imaging, contrast-enhanced MRI, and diffusion-
weighted imaging at 1.5 or 3 T.
Assessment: Twenty-three radiologists from the SIOP-RTSG radiology panel with ≥5 years of experience in MRI of pediat-
ric renal tumors and/or who had assessed ≥50 MRI scans of pediatric renal tumors in the past 5 years identified potentially
discriminatory characteristics in the first questionnaire. These characteristics were scored in the subsequent second round,
consisting of 5-point Likert scales, ranking- and multiple choice questions.
Statistical Tests: The cut-off value for consensus and agreement among the majority was ≥75% and ≥60%, respectively,
with a median of ≥4 on the Likert scale.
Results: Consensus on specific characteristics mainly concerned the discrimination between WTs and non-WTs, and WTs
and nephrogenic rest(s) (NR)/nephroblastomatosis. The presence of bilateral lesions (75.0%) and NR/nephroblastomatosis
(65.0%) were MRI characteristics indicated as specific for the diagnosis of a WT, and 91.3% of the participants agreed that
MRI is useful to distinguish NR/nephroblastomatosis from WT. Furthermore, all participants agreed that age influenced
their prediction in the discrimination of pediatric renal tumors.
Data Conclusion: Although the discrimination of pediatric renal tumors based on MRI remains challenging, this study iden-
tified some specific characteristics for tumor subtypes, based on the shared opinion of experts. These results may guide
future validation studies and innovative efforts.
Level of Evidence: 3
Technical Efficacy Stage: 3

J. MAGN. RESON. IMAGING 2022;55:543–552.

Introduction

Renal tumors account for 6%–7% of all pediatric cancers.1

Wilms tumor (WT) is the most frequently occurring
malignant renal tumor in children, accounting for over 90%
of pediatric renal tumors.2 Other, non-WT subtypes are more
rare, with renal cell carcinoma (RCC) representing 6%–7%
of pediatric renal tumors, and an even lower frequency of
other tumors such as rhabdoid tumor of the kidney (RTK)
and clear cell sarcoma of the kidney (CCSK).2 Furthermore,
remnants of persistent embryonal renal tissue (nephrogenic
rest(s) (NR)/nephroblastomatosis) often occur in conjunction
with WT.3,4

Each of these pediatric renal tumors requires a different
treatment approach. The standard of the Children’s Oncol-
ogy Group (COG in North-America) Renal Tumor Commit-
tee is to pursue upfront surgery, followed by postoperative
chemotherapy based on histopathological classification.5 In
contrast, the Renal Tumor Study Group of the International
Society of Pediatric Oncology (SIOP-RTSG) argues in favor
of preoperative chemotherapy followed by tumor nephrec-
tomy, and does not advocate invasive procedures to deter-
mine histology before the start of therapy.6 Exceptions are
made in selective cases suspected to be a non-WT, however
the high incidence of WT for most ages limits the number of
biopsies.5,6 Both treatment approaches have been shown to
result in equal survival rates.7 Nevertheless, imaging appears
to be a fundamental part of the diagnostic and preoperative
assessment, especially to identify specific cases that might
benefit from, for instance, preoperative histological confirma-
tion or upfront surgery, before starting cytotoxic treatment.3,8

Diagnostic assessment and monitoring of oncological
treatment response in children with renal tumors is mainly
performed using cross-sectional imaging.3 In recent years,
MRI has become the preferred modality for imaging child-
hood abdominal tumors.3 In addition, MRI offers functional

imaging tools such as diffusion weighted imaging (DWI)
which has been shown to be of use for assessing pediatric
renal tumors.8–10

Even though MRI is currently the preferred modality
for diagnostic and response assessment of pediatric renal
tumors, there is no global consensus on which imaging find-
ings could differentiate between WTs and non-WTs.3 With
increasing importance of consistency in health care practice,
the Delphi technique is a frequently used method when gaps
of knowledge are subject to expert opinion.11 MRI character-
istics reaching consensus among experts, as well as the identi-
fication of other imaging findings, may guide future
retrospective and prospective studies.

Thus the aim of this study, initiated by the SIOP-
RTSG radiology panel, was to identify MRI characteristics
that may be taken into consideration for discriminating pedi-
atric renal tumor subtypes using a Delphi approach.

Materials and Methods
Study Design
The institutional ethical board waived the need for ethical approval
for this study, because it was a consensus paper without research on
patients, nor did it compromise the position of the participating
experts. All participants gave informed consent to participate in the
study, before completing the first questionnaire.

A core group with expertise in the radiological, clinical, and
pathological fields of pediatric renal tumors (JNB, 5 years of experi-
ence; TAW, 7 years of experience; RAJN, 7 years of experience;
RRK, 22 years of experience; NG, 32 years of experience; ØEO,
18 years of experience; JPS, 18 years of experience; MMHE,
27 years of experience; ASL, 8 years of experience) was responsible
for the study design and the selection of topics to be included in the
questionnaire. It was decided which tumors were most difficult and
important to distinguish from WTs based on experience in these dif-
ferent fields of expertise and based on previous literature. Through
discussion within the core group, the set of renal tumors was
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systematically formulated, focusing on the most relevant topics for
everyday clinical practice. A subset of the core group (JNB, 5 years
of experience; TAW, 7 years of experience; RAJN, 7 years of experi-
ence; RRK, 22 years of experience; NG, 32 years of experience;
MMHE, 27 years of experience) formulated the questions, whereas
three members (ØEO, 18 years of experience; JPS, 18 years of expe-
rience; ASL, 8 years of experience) were included as participants.

The first round of the Delphi study started in June 2020, and
the process was completed in October 2020 after two rounds. Ques-
tionnaires were built online and sent to the participants via e-mail
using a secure URL-link. Each participant was assigned a study ID,
secured by the lead investigator to ensure blinded analysis of the
results. For both questionnaires, a pilot among two radiologists
(members of the core group, nonparticipants: TAW, 7 years of expe-
rience; RAJN, 7 years of experience;) was conducted to ensure clarity
and efficacy.

Selection of the Study Participants
Members of the SIOP-RTSG radiology panel and radiologists
involved in the central radiology review of the SIOP-RTSG 2016
UMBRELLA protocol were identified as potential experts in the
field of pediatric oncologic radiology. They received an invitation let-
ter accompanied by an information sheet which was visualized in a
PowerPoint presentation, including a request to introduce other
pediatric radiologists as potential participants through a snowballing
technique (Fig. 1).12 We aimed for at least 20 experts agreeing to
participate and complete the study, in which the anticipated rate for
acceptance of the invitation was 60%. Participants needed to have
≥5 years of experience in MRI of pediatric renal tumors and/or have

assessed ≥50 MRI scans of pediatric renal tumors in the past 5 years.
Particular care was taken to ensure that various countries within the
SIOP-RTSG were represented (Fig. S1). In order to increase the par-
ticipation rate after acceptance of the invitation, reminder emails
were sent before the predefined deadlines, which were postponed in
exceptional cases.

First Round of the Delphi Study
The first round of the Delphi study consisted of a combination of
open-ended questions, in some cases directed by preceding closed-
ended questions. These questions focused on the potential differenti-
ating value of MRI and DWI for WT compared with non-WT and
NR/nephroblastomatosis, and also separately for neuroblastoma,
congenital mesoblastic nephroma (CMN), RTK, CCSK, RCC, and
the differentiation between cystic nephroma (CN), cystic partially
differentiated nephroblastoma (CPDN), and cystic WT. The partici-
pants were asked for their opinion about the distinguishing value of
MRI in the concerning renal tumors and to list useful discriminating
characteristics.

Second Round of the Delphi Study
The second round of the Delphi study consisted of closed-ended
questions with characteristics and statements, entirely based on
answers given in the first round. There were 5-point Likert scales
ranging from 1 (definitely not specific/strongly disagree) to 5 (defi-
nitely specific/strongly agree), ranking (from least to most useful)
and multiple-choice questions.

Data Analysis and Consensus Evaluation
Analysis of the responses of the participants was prospectively per-
formed by the lead investigator (JNB, 5 years of experience) together
with two independent pediatric radiologists (TAW, 7 years of experi-
ence; RAJN, 7 years of experience). Two other members of the core
group (RRK, 22 years of experience; MMHE, 27 years of experi-
ence), specialized in different fields of pediatric renal tumors,
ensured quality of the analysis. In the first round, a cut-off value of
≥75% was used to consider consensus. A secondary cut-off value of
≥60% was used to consider agreement among the majority of the
participants. The level of agreement reached, and the type of answers
given in the first questionnaire defined the approach for the type of
closed-ended questions in the second round. All imaging characteris-
tics, except the ones that were only mentioned once and/or were not
notable, were fed back to participants (Tables S1A and S1B).

In the second round, the same cut-off values were used. Fur-
thermore, for 5-point Likert scales, consensus or an agreement
among the majority was defined as a median of ≥4 with ≥75% or
≥60% answering 4 or 5, respectively.13 Results were analyzed only
among participants who felt competent to answer the concerning
questions. Finally, missing answers for any reason were regarded as
“nonparticipation.”

Results
Participants
A total of 39 radiologists were invited, of whom 25 (64.1%)
accepted the invitation. Eight radiologists did not respond to
the invitation, whereas six radiologists revealed they did not

FIGURE 1: Number of participants in all stages of the study.
aPediatric radiologists identified through the SIOP-RTSG
Radiology Panel network; bPediatric radiologists initiated by
colleagues as experts in the field of pediatric oncologic
radiology as potential participants.
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meet the inclusion criteria. The participating experts were
geographically distributed across 14 countries (Fig. S1). The
first round was completed by 23/25 (92.0%) participants and
the second round by 20/23 (87.0%) participants (Fig. 1).
The median number of years of experience in MRI of pediat-
ric renal tumors was 10 years (range 5–20 years), with a
median of 60 (range 20–600) MRI scans of pediatric renal
tumors the past 5 years. In the SIOP-RTSG 2016
UMBRELLA protocol, STIR or T2-weighted imaging with
fat suppression and T2-weighted and T1-weighted imaging,
both nonfat suppressed, are mandatory imaging protocols,
whereas DWI and contrast-enhanced MRI are recommended
(Table S2). All participants (23/23, 100%) had DWI
included in their standard MRI protocol, while this was true
for 19/23 (82.6%) concerning contrast-enhanced MRI.

Wilms Tumor and Non-Wilms Tumor
The presence of NR/nephroblastomatosis and a bilateral
tumor were MRI characteristics indicated as specific for the
diagnosis of a WT (Table 1). The majority (16/23, 69.6%)
agreed that contrast-enhanced MRI was of added value to
noncontrast MRI in the discrimination of WTs and non-
WTs. Furthermore, all participants (20/20, 100%) agreed cal-
cifications were often difficult to detect on MRI. A majority
of the participants (15/23, 65.2%) agreed that ultrasound
(US) examination is of added value in the discrimination of
WTs and non-WTs (Table S3).

All participants (23/23, 100%) agreed that age
influenced their prediction in the discrimination of pediatric
renal tumors. Consensus was reached on a range from
1–3 years being indicative for WT, with a peak incidence at
3 years. Furthermore, participants mentioned 0–6 months for
CMN, <2 years for RTK and ≥ 10 years for RCC as sugges-
tive for these non-WTs.

Congenital Mesoblastic Nephroma
There was consensus (21/23, 91.3%) on the statement that
MRI is useful to distinguish CMN from other pediatric renal
tumors in children <6 months of age. CMN can be divided
into classic, cellular, and mixed type, with homogeneity being
the only characteristic for classic type CMN reaching an
agreement among the majority of the participants (Table 2).

Rhabdoid Tumor of the Kidney
The majority (17/23, 73.9%) agreed MRI is useful to distin-
guish an RTK from other pediatric renal tumors. There was
consensus on the presence of a (synchronous) intracranial/
brain tumor being specific for the diagnosis of RTKs
(Table 1).

Clear Cell Sarcoma of the Kidney
There was no agreement on the value of MRI in the charac-
terization of CCSK, with 56.5% (13/23) indicating MRI

may not be useful to distinguish a CCSK from other pediatric
renal tumors. Only the presence of bone metastases was indi-
cated as a specific characteristic (Table 1).

Cystic Nephroma, Cystic Partially Differentiated
Nephroblastoma and Cystic Wilms Tumor
A majority (16/22, 72.7%) agreed, that cystic WT can be
reliably differentiated from CPDN on MRI. The presence of
enhancing solid and/or nodular components in the septa
of the tumor, with restricted diffusion on DWI, is specific for
cystic WT in the discrimination from CN and CPDN
(Tables 1 and 2). Nevertheless, a majority (14/20, 70.0%)
felt that when solid WT components in a cystic WT are small
and difficult to detect, its differentiation from CN and
CPDN is unreliable. Finally, there was consensus (19/21,
90.5%) that MRI cannot reliably differentiate CN
from CPDN.

Renal Cell Carcinoma
No agreement (12/23, 52.2%) was reached on the value of
MRI for discrimination of RCC from other pediatric renal
tumors in children ≥10 years of age. Participants agreed
(16/20, 80.0%) that experience was too limited to describe
specific MRI characteristics of RCCs in children, let alone the
description of histological subtypes (Table S1A).

Neuroblastoma
Consensus (22/23, 95.7%) was reached on the statement that
MRI is useful to distinguish neuroblastomas with marked
renal extension from a renal tumor. The presence of tumor
calcification, vascular encasement, an extra-renal origin of the
tumor often indicated by the absence of a claw sign, adrenal
gland involvement, and extension into the spinal canal/fora-
men reached consensus on being specific for neuroblastoma.
A majority agreed that the presence of bone marrow metasta-
ses and lifting/anterior displacement of the aorta provided
additional specific MRI characteristics (Table 1).

Wilms Tumor and Nephrogenic Rest(s)/
Nephroblastomatosis
Twenty-one/23 (91.3%) radiologists agreed that MRI is useful
to distinguish NR/nephroblastomatosis from WT. DWI and
contrast-enhanced T1-weighted imaging were indicated as the
most valuable sequences to detect NR/nephroblastomatosis.
Eighteen/23 (78.3%) participants had experience with DWI
in this discrimination, but only 9/18 (50.0%) agreed that it is
useful (Table 1, Table S4). The participants indicated
NR/nephroblastomatosis show little, or even no enhance-
ment on contrast-enhanced T1-weighted imaging, are hypo-
intense compared with renal parenchyma on T1-weighted
imaging, with varying intensity on T2-weighted imaging
depending on the lesions being hyperplastic (hyper-intense) or
sclerotic (hypo-intense). Appearance is largely dependent on the
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TABLE 1. MRI Characteristics and Statements Reaching Consensus or a Majority in the Second Questionnaire by
Means of Likert Scales

MRI Characteristics/Statements Median Range

Number of
Participants

Answering 4 (%)

Number of
Participants

Answering 5 (%) Conclusiona

MRI characteristics specific for the diagnosis of a Wilms tumor

The presence of NR/nephroblastomatosis 4 3–5 8/20 (40.0%) 7/20 (35.0%) Consensus

The presence of a bilateral tumor 4 1–5 10/20 (50.0%) 3/20 (15.0%) Majority

MRI characteristics specific for the diagnosis of rhabdoid tumor of the kidney

The presence of a (synchronous)
intracranial/brain tumor

5 1–5 4/20 (20.0%) 12/20 (60.0%) Consensus

MRI characteristics specific for the diagnosis of clear cell sarcoma of the kidney

The presence of bone metastases 4 1–5 10/20 (50.0%) 4/20 (20.0%) Majority

Statements considering the differentiation between cystic Wilms tumor and cystic partially differentiated
nephroblastoma

A cystic WT shows heterogeneous
enhancement, due to presence of solid
components

4 1–4 12/20 (60.0%) 0/20 (0%) Majority

A cystic WT can show areas of diffusion
restriction in solid components in the
septab

4 1–5 13/20 (65.0%) 1/20 (5.0%) Majority

A CPDN is a rare tumor and there is little
experience with the imaging of this tumor,
so the reliability of the use of (DWI-)MRI
in the differentiation of a CPDN and a
cystic WT is limitedb

4 1–5 13/20 (65.0%) 1/20 (5.0%) Majority

MRI characteristics specific for the diagnosis of a neuroblastoma

The presence of tumor calcification 4 1–5 9/20 (45.0%) 7/20 (35.0%) Consensus

The presence of vascular encasement 5 1–5 5/20 (25.0%) 12/20 (60.0%) Consensus

An extra-renal origin of the tumor, often
indicated by the absence of a claw sign

4 1–5 5/20 (25.0%) 12/20 (60.0%) Consensus

The presence of adrenal gland involvement 5 2–5 6/20 (30.0%) 11/20 (55.0%) Consensus

Extension into the spinal canal/foramen 5 1–5 3/20 (15.0.%) 13/20 (65.0%) Consensus

The presence of bone marrow metastases 4 1–5 9/20 (45.0%) 5/20 (25.0%) Majority

Lifting/Anterior displacement of the aorta 4 1–5 6/20 (30.0%) 8/20 (40.0%) Majority

Statements considering the differentiation between Wilms tumor and nephrogenic rest(s)/nephroblastomatosis

In contrast to WTs, on contrast-enhanced
(T1-weighted) imaging,
NR/nephroblastomatosis show little or
even no enhancement after intraveneous
administration of contrast

4 2–5 14/20 (70.0%) 3/20 (15.0%) Consensus

NR/nephroblastomatosis have a
homogeneous appearance on MRI,
especially on contrast-enhanced
(T1-weighted) imaging

4 1–5 12/20 (60.0%) 7/20 (35.0%) Consensus
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lesions being diffuse (nephroblastomatosis) or nodular (NR).
NR/nephroblastomatosis have a homogeneous appearance, often
presenting as small (ovoid shaped) bilateral nodules, with diffu-
sion restriction. They are often located subcapsular, but the exact
localization is dependent on intralobar or perilobar presentation.
Finally, small WTs may present similar to large NR (Table 1).

Diffusion Weighted Imaging
Overall, experience with DWI varied, resulting in subgroups
of participants feeling competent to give their opinion on the
potential value of this MRI sequence to predict certain renal
tumor types (Table S4). DWI plays a role in the characteriza-
tion of neuroblastoma (14/18, 77.8%) and the discrimination

TABLE 1. Continued

MRI Characteristics/Statements Median Range

Number of
Participants

Answering 4 (%)

Number of
Participants

Answering 5 (%) Conclusiona

NR/nephroblastomatosis are often multiple,
small (ovoid shaped) nodules

4 1–5 15/20 (75.0%) 3/20 (15.0%) Consensus

Small WTs may present similar to large
NR/nephroblastomatosis

4 1–5 13/20 (65.0%) 2/20 (10.0%) Consensus

NR/nephroblastomatosis are often located
subcapsular (peripheral)

4 2–5 17/20 (85.0%) 2/20 (10.0%) Consensus

On DWI, NR/nephroblastomatosis show
diffusion restrictionb

4 1–5 11/20 (55.0%) 4/20 (20.0%) Consensus

On T1-weighted imaging,
NR/nephroblastomatosis are hypo-intense
in comparison to the renal parenchyma

4 2–4 15/20 (75.0%) 0/20 (0%) Consensus

On T2-weighted imaging, intensity of
NR/nephroblastomatosis varies depending
on the lesions being hyperplastic/active
(hyper-intense) or sclerotic/dormant
(hypo-intense)

4 1–5 13/20 (65.0%) 2/20 (10.0%) Consensus

NR/nephroblastomatosis often present
bilateral

4 2–5 11/20 (55.0%) 8/20 (40.0%) Consensus

The exact localization of
NR/nephroblastomatosis is dependent on
an intralobar or perilobar presentation (or
a combination of both)

4 2–5 11/20 (55.0%) 2/20 (10.0%) Majority

The appearance of NR/nephroblastomatosis
is largely dependent on whether it presents
as diffuse nephroblastomatosis and/or
(multiple) nodules of NR

4 1–5 12/20 (60.0%) 1/20 (5.0%) Majority

There is a lack of knowledge about the
specific use of DWI and ADC-values in
the discrimination of Wilms tumors and
NR/nephroblastomatosisb

4 1–5 13/20 (65.0%) 1/20 (5.0%) Majority

WT = Wilms tumor; CPDN = cystic partially differentiated nephroblastoma; NR = nephrogenic rest(s); MRI = magnetic resonance
imaging; DWI = diffusion weighted imaging; ADC = apparent diffusion coefficient.
aConsensus is defined as ≥75% ≥4 based on a Likert scale from 1 (definitely not specific/strongly disagree) to 5 (definitely specific/
strongly agree), majority is defined as ≥60% ≥4 based on a Likert scale from 1 (definitely not specific/strongly disagree) to 5 (definitely
specific/strongly agree), both with a median ≥4.
bCharacteristics concerning DWI are also included in Table S4, in the perspective of additional information concerning the value of
DWI in the tumor type.
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of cystic WT from CN (12/15, 80.0%), but not in the dis-
crimination between CN and CPDN. Experience with the
value of DWI in the characterization of CMN, RTK, CCSK,
and RCC was lacking (Table S4).

Discussion
This study aimed to identify discriminative MRI characteris-
tics for the diagnosis of the most common pediatric renal
tumors. Two consecutive online questionnaire rounds pro-
vided information from experts in the field of imaging of
pediatric renal tumors. Answers were analyzed and subjected
to a scoring system, using predetermined cut-off values. Previ-
ous studies concluded that only a few imaging findings seem
to be reliable to differentiate between WTs and non-WTs.3,14

The appearance of renal tumor tissue on different MRI
sequences is highly dependent on the presence of common
tumor components such as hemorrhage and necrosis.15

Therefore, the lack of pathognomonic characteristics for pedi-
atric renal tumors and the rarity of non-WTs limit the ability
of MRI to distinguish between the variety of potential diag-
noses.16 Nevertheless, some MRI characteristics reached con-
sensus or agreement among the majority of the participants
for being specific for certain renal tumor types.

WTs are generally described as solid intrarenal masses
with a pseudocapsule, showing heterogeneity due to areas of
hemorrhage, necrosis, and/or cysts.16–20 These features were
not indicated as specific by the participants, probably because
they are not pathognomonic for WT. Calcifications, best
identified on US, were mentioned as indicative for non-WTs,
given their rarity in WTs.16,21 They are most common in
RCCs, but their appearance might also lead to additional
imaging for the differentiation of neuroblastoma from WTs,
especially in upper-pole tumors.16,20,21 However, given the
low incidence of non-WTs, the diagnosis of a WT might still
be more likely even when calcifications are present.14,17,22 US
examination is being performed as standard of care in the
diagnostic process of children with renal tumors in the SIOP-
RTSG 2016 UMBRELLA protocol. On US examination, a
majority agreed on the presence of an encapsulated tumor
and a claw sign as indicative for a WT.

A homogeneous appearance was indicated by the partic-
ipants as specific for classic type CMN, in accordance with
previous studies.23 Nevertheless, the more aggressive cellular
type CMN cannot be reliably distinguished from WT, since
hemorrhage, necrosis, and cysts may be present, resulting in a
heterogeneous appearance.14,19 For the same reason CCSK
may resemble WT at MRI, typically appearing as a well-cir-
cumscribed, solid, heterogeneously enhancing mass, with

TABLE 2. MRI Characteristics and Statements Reaching Consensus or a Majority in the Second Questionnaire by
Means of Multiple-Choice Questions

MRI Characteristics/Statements

Number of
Participants of
Total (%)

Number of
Participants

Excluding Those
Not Feeling Competent

to Answer the Question (%) Conclusiona

MRI characteristics specific for congenital mesoblastic nephroma

Tumor homogeneity is specific for classic
type CMN

12/20 (60.0%) 12/18 (66.7%) Majority

MRI characteristics differentiating between cystic nephroma and cystic Wilms tumor

The presence of solid (nodular) components
in the septa of the tumor is specific for
cystic WT

11/20 (55.0%) 11/17 (64.7%) Majority

The presence of hemorrhage can be seen in
both CN and cystic WT

11/20 (55.0%) 11/18 (61.1%) Majority

(Nodular/Solid) Areas of diffusion restriction
(in the septa) is specific for cystic WTb

9/19 (47.4%) 9/15 (60.0%) Majority

CMN = congenital mesoblastic nephroma; WT = Wilms tumor; CN = cystic nephroma; MRI = magnetic resonance imaging.
aConsensus is defined as ≥75% agreement among the participants feeling competent to answer the question, majority is defined as
≥60% agreement among the participants feeling competent to answer the question.
bCharacteristics concerning DWI are also included in Table S4, in the perspective of additional information concerning the value of
DWI in the tumor type.
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T1-weighted hypo-intensity, and T2-weighted hyper-inten-
sity.15,16,19 Also imaging features of RTK overlap with those
of other pediatric renal tumors, especially WT.15,19,24 An
imaging feature described as rather specific for RTK is the
presence of subcapsular fluid, often representing necrosis
and/or hemorrhage.15,24 This characteristic was assessed as
being specific for RTK by only 50% of the participants, prob-
ably because this imaging feature is not uncommon in WT
either.

No imaging characteristics were identified as specific for
RCC, especially in the differentiation from WT. Nevertheless,
previous studies have speculated RCC is often hyper-intense on
T1-weighted imaging and hypo-intense on T2-weighted imag-
ing, whereas this seems to be the opposite for WTs.21,22

CN and CPDN are uncommon, low-risk lesions, that
based on previous literature cannot be differentiated by imag-
ing.25,26 CPDN is regarded as a variant of WT with a good
prognosis. Likewise, CN is considered to have excellent out-
come, although in this lesion, potentially underlying
DICER1-aberrations should be taken into consideration. Fur-
thermore, WTs can present with cystic components.3 Although
the diagnostic criteria by Joshi and Beckwith describe CN as a
lesion composed entirely of cysts and their septa, this turned out
not to be a discriminating MRI characteristic in this study.27,28

Therewithal, for instance also CMNs can contain multiple
cysts.26 The results concerning the reliability of MRI in the dif-
ferentiation of cystic masses are largely based on the degree of
discernment of enhancing solid nodules in the septa. As agreed
on by the participants, there is limited experience with these
lesions on MRI, as they are rare.

Since NR/nephroblastomatosis occur in up to 99% of
bilateral WTs, differentiation of these lesions from
metachronous WTs is important.3,29 DWI and contrast-
enhanced T1-weighted imaging are considered the most useful
sequences to detect NR/nephroblastomatosis, although the dis-
criminating value of DWI might need further specification
since NR/nephroblastomatosis and WT can both show low
apparent diffusion coefficient (ADC)-values.3,4 Nevertheless, in
accordance with previous results, consensus was reached on the
hypo-intense appearance on T1-weighted imaging and the
homogeneous appearance after contrast, whereas the previously
reported limited enhancement of these lesions was not specifi-
cally mentioned by the participants.4,14,30 NRs are often
ovoid-shaped and located peripherally when perilobar. How-
ever, histologically NR/nephroblastomatosis can be classified as
dormant, sclerosing, hyperplastic, or neoplastic, which
results in a variety of presentations on MRI reported in
previous studies.4,19,31 Taking the described diversity into
consideration, MRI seems useful in the discrimination of
NR/nephroblastomatosis from malignant tumors.

Over recent decades, knowledge on the use of DWI
in pediatric renal tumors has been increasing.10,32,33

ADC-values have shown a significant relationship with WT-

subtypes, and may have potential in future discrimination of
pediatric renal tumors.8,9 Also, the correlation between ADC-
values after preoperative therapy and histological findings
could be important for its future use as prognostic biomarker.
Nevertheless, so far, experience remains limited, and espe-
cially the absence of accepted standards and consensus in
ADC quantification may have had an effect on the lack of
agreement and limited specific DWI-characteristics in this
study.33,34 Future research should focus on exploring the dif-
ferent applications of DWI and other MRI techniques such
as intravoxel incoherent motion imaging.32,34

Our Delphi study showed, that, apart from MRI char-
acteristics, epidemiology and clinical presentation contrib-
ute substantially to the differential diagnostic considerations
for pediatric radiologists in the case of a newly diagnosed
pediatric renal tumor.3,14,19 The presence of a tumor
thrombus, a bilateral tumor and NR/nephroblastomatosis
were already described as indicative for WT in previous
studies.4,14,17,21 Intravascular extension of a tumor throm-
bus can occur in up to 10% of WT-cases, often best dem-
onstrated on T2-weighted imaging.17 The presence of a
tumor thrombus and a bilateral tumor were also indicated
by the participants as specific for a WT on US examination.
Meanwhile, CMN has never been shown to invade the
renal vessels or inferior vena cava.23 However, venous
thrombosis is not specific and can also be observed in other
non-WTs such as RCC and primitive neuroectodermal
tumor of the kidney.35

Also, the site of metastases determines diagnostic dis-
crimination considerations for pediatric radiologists. In WTs,
metastases are most commonly present in the lungs, followed
by the liver, and are a strong indication for this diagnosis.18,36

According to the described resemblance of CCSK with WTs
on MRI, participants did not indicate any tumor characteris-
tics as specific, whereas the presence of bone metastases was
indicated as specific. Other pediatric renal tumors rarely
metastasize to the bone, resulting in the historical designation
of CCSK as “bone-metastasizing tumor.”15,37

Accordingly, although a majority of the participants
agreed that MRI is useful to distinguish RTK from other
pediatric renal tumors, they felt that the only imaging charac-
teristic reaching consensus concerned the presence of a (syn-
chronous) intracranial tumor. This has been established as an
important feature in various studies, as it occurs in 10–15%
of the RTK-cases.16,36,38 Furthermore, the SIOP-RTSG
2016 UMBRELLA protocol recommends a biopsy in chil-
dren <24 months suffering from metastasis, especially to the
lungs, since it makes the diagnosis of an RTK more likely.
However, this detailed characteristic was not assessed in the
second round of the study. Finally, tumor size was not classi-
fied as specific for any renal tumor, but might play a differen-
tiating role, given the apparently smaller size of RCCs and
RTKs compared to especially WTs and CCSKs.6,16,17,19,22
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All participants indicated that they were influenced by the
age of the patient in their radiological assessment, which can be
supportive as well as precarious. WTs present with a peak age
around 3.5 years, with the vast majority presenting in the first
decade of life.2,3,6,19 In accordance with previous literature,
CMN was indicated as most common renal neoplasm in the
first months of life.19 The consensus on the value of MRI in the
discrimination of CMN from other pediatric renal tumors in
this study was most likely strongly influenced by specifically lim-
iting the question to a population <6 months of age, since the
homogeneous classic type presents early in life as well as prena-
tally, making it potentially more distinguishable from WTs and
other non-WTs.17,23 RTK and CCSK show an overlap in peak
age and range with WT-patients, with RTK mostly occurring
≤2 years of age.19,21,24 In accordance with the increased inci-
dence in adults, RCC becomes more common in the second
decade of life.2 Nevertheless, the appearance of RCCs is so close
to that of WTs, that patients in this age group presenting with a
renal tumor are described to be equally likely to have an RCC
as a WT.38 Since age-distribution is already extensively
described, it was not systematically included in both
questionnaires.2

Finally, nonrenal tumors, such as neuroblastoma, can
be difficult to distinguish from renal tumors in cases of exten-
sive renal invasion, especially when showing similarities with
MRI characteristics of WT.20,30 Vascular encasement and
adrenal gland involvement, indicated as the most specific
characteristics for neuroblastoma by the participants, hardly
ever occur in renal tumors. Furthermore, the tendency of
neuroblastoma to infiltrate and/or encase adjacent structures
rather than displace them, has also been described in previous
studies.19,20,30 Malignancies that even more rarely present in
the kidney, such as renal lymphomas, teratomas, and primi-
tive neuroectodermal tumors, were not taken into consider-
ation in this study.

According to the available literature, the advice is to
limit the number of participants within a Delphi study to a
maximum of 30, in order to enhance the quality of results
and the likelihood of consensus.39 Given the explicit field of
expertise, strict inclusion criteria and a snowballing technique
were used to reach a minimum of 20 participants, with a
preferable maximum of 35.12 This approach resulted in par-
ticipation of 23 experts from 14 countries with a high
response rate (92.0% and 87.0% in the first and second
round, respectively).

Limitations
This Delphi process was designed following a conventional/
classical method, using a combination of closed- and open-
ended questions in the first round, with the purpose of reduc-
ing bias by not limiting or controlling participants’
answers.11,39 Consequently, participants became largely
responsible for the content, anticipating on the expected

different uses of MRI in diagnosing pediatric renal tumors. A
limitation was the risk of imaging characteristics known in
the literature not being introduced by participants for the sec-
ond questionnaire. Furthermore, the study could not distin-
guish between an expert opinion based on own clinical
experience or on evidence in the literature. Results generated
through expert opinion are at high risk of error in advance,
and Delphi studies are often ranked as having a low level of
evidence.40 Nevertheless, this Delphi process assumed that
the participants critically submitted themselves to the inclu-
sion criteria and that they answered the questions to their best
ability, while only focusing on experts in this specific field of
interest.

A universally agreed cut-off value for consensus in Del-
phi studies is lacking and was therefore based on previous
studies with corresponding circumstances.11 Meeting the
aimed number of participants, and achieving meaningful
results after two rounds, implies the feasibility of the Delphi
method for the current setting.

Conclusion
This study provides specific imaging characteristics of pediat-
ric renal tumors based on the shared opinion of experts in the
field of pediatric oncologic radiology, following a Delphi pro-
cess. Based on this expert consensus and agreement, we have
identified MRI characteristics that could be used to differenti-
ate between pediatric renal tumors. However, the discrimina-
tion of pediatric renal tumors based on solely MRI
characteristics remains challenging.

Based on our findings, we recommend to follow the
imaging guidelines of the SIOP-RTSG 2016 UMBRELLA
protocol, and we emphasize the importance of including
DWI and contrast-enhanced T1-weighted imaging within the
MRI protocol. Furthermore, the SIOP-RTSG is currently
reconsidering which patients may benefit from biopsy based
on certain imaging characteristics in combination with age,
clinical characteristics, and genetic predisposition.

Our findings could especially be of value for validation
in retrospective and prospective studies and innovative efforts
by radiologists, including the increasing knowledge on quan-
titative MRI techniques such as DWI, to noninvasively diag-
nose renal tumors in children.
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