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Non-invasive differentiation of paediatric kidney tumours is particularly important in

histological confirmation. The identification of clinical and tumour-related parameters
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diagnosed earliest and RCC the latest (median age [months]: 0 and 154, respectively)
both associated with significantly smaller TV (median TV [mL]: 67.2 and 45.0, respec-
tively). RCC occurred in >14% of patients older than 120 months or older than
84 months with TV <100 mL. Receiver operating characteristic analyses discrimi-
nated WT from CMN, RCC and MRTK regarding age (AUC = 0.976, 0.929 and 0.791)
and TV (AUC = 0.768, 0.813 and 0.622). MRTK had the highest risk of metastasis
(37.9%) despite young age, whereas the risk of metastasis increased significantly with
age in WT. Age and TV at diagnosis can differentiate WT from CMN and RCC. MRTK
must be considered for metastatic tumours at young age. Identification of CCSK
without histology remains challenging. Combined with MRI-characteristics, including
diffusion-weighted imaging, and radiomics and liquid biopsies in the future, our
approach allows optimization of biopsy recommendations and prevention of

misdiagnosis-based neoadjuvant treatment.

KEYWORDS
biopsy, kidney neoplasms in childhood, neoadjuvant therapy, radiology, Wilms tumour

What's new?

Non-invasive differentiation of paediatric kidney tumours is a key aspect in the SIOP-RTSG pro-
tocols, which recommend preoperative chemotherapy without histological confirmation. This retro-
spective study shows that age and tumour volume at diagnosis are reliable parameters to help
distinguish between Wilms tumour, congenital mesoblastic nephroma, renal cell carcinoma, and
malignant rhabdoid tumour of the kidney. Consideration of these parameters allows for a higher pro-
portion of patients treated correctly with preoperative chemotherapy, while reducing the biopsy rate

to <15%. Combined with magnetic resonance imaging, radiomics, and liquid biopsies, the approach

1 | INTRODUCTION

Wilms tumour (WT) is the most common malignant paediatric kidney
tumour, accounting for over 90% of all kidney tumours in children.!
However, other rare benign and malignant non-Wilms tumours (non-
WT) occur in 10% of cases.® Unlike the Children's Oncology Group
(COG), who advocates upfront-surgery in localized kidney tumour
patients, the International Society of Paediatric Oncology Renal
Tumour Study Group (SIOP-RTSG) protocols start in kidney tumour
patients >6 months and <16 years, with pre-operative chemotherapy
to downstage the tumour and to reduce the risk of rupture.
Post-operative treatment is based on risk-stratification of histology
and tumour stage after response to pre-operative chemotherapy.?™*
Fine-needle or tru-cut biopsies are reserved for patients with unusual
clinical presentation or atypical imaging findings.®> Therefore, exact
non-invasive diagnosis is essential and accurate initial imaging studies
are required,®® including abdominal ultrasound (US), cross sectional
magnetic resonance imaging (MRI) with and without contrast
enhancement and computed tomography (CT) of the lungs, to detect
atypical features that should prompt biopsy and to determine overall
tumour stage.2® MRI plays a key role for the detection of a kidney
mass, of venous invasion and synchronous contralateral kidney

lesions.”® WT presents as a large mostly solid and heterogeneous

may further enhance the non-invasive discrimination of paediatric kidney tumours.

tumour of the kidney often with intra-tumoural bleeding and is
characterized by a high signal intensity on T2- and intermediate signal
intensity on T1-weighted images. The tumour can be delineated from
the kidney parenchyma by a typical pseudo-capsule best seen on MRI
images.? Recently, within the SIOP-RTSG radiology panel, efforts have
been made to identify characteristic MRI features also for non-WT,
and some important results have been obtained %1

However, as specific radiological criteria for non-WTs are still lack-
ing, the question remains if age, tumour volume (TV), bilaterality, and
metastasis at diagnosis may predict a correct histological diagnosis.®
Hence, we performed a retrospective analysis of patients with WT, con-
genital mesoblastic nephroma (CMN), clear cell sarcoma (CCSK), malig-
nant rhabdoid tumour (MRTK), and renal cell carcinoma (RCC), aiming to
identify clinical and tumour-related parameters to discriminate between

the different entities at the time of diagnosis.

2 | PATIENTS AND METHODS

21 | Study population, design

This retrospective analysis included 3306 (100%) patients with paedi-
atric kidney tumours from Germany, Austria and Switzerland treated
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according to the SIOP/GPOH 9, 93-01 and 2001 studies between
1989 and 2017. We focused on the five most common malignant pae-
diatric kidney tumours, including 2927 WT and 379 non-WT patients
(RCC, CCSK, MRTK and CMN). MRI was the diagnostic base and
contrast-enhanced-MRI was mandatory in the diagnostic MRI proto-
col in this study. Patients were divided into those with unilateral and
bilateral, and with localized and metastatic tumours. Patients with a
known cancer predisposition syndrome (CPS) were only included in

the analysis of clinical data.

2.2 | Statistical analysis

For statistical analysis the whole dataset was pseudonymized. IBM
SPSS Statistics, version 27, was used for descriptive analyses (histo-
grams, boxplots, frequency charts and bar charts) and statistical com-
parisons (T-test for independent samples, Levene test, chi-square test,
linear- and logistic regression, Mann-Whitney-U-test, Spearman cor-
relation for non-normally distributed variables and receiver operating
characteristic [ROC] curves with the Youden-Index). The area under
the curve (AUC) values were classified regarding their prediction value
for discrimination according to the following generally accepted
approach: AUC <0.60 poor, AUC 0.60-0.75 possibly helpful, AUC
20.75 clearly helpful, and AUC values 20.9 outstanding discrimina-
tion.*? Two-sided p-values of .05 or below were considered statisti-
cally significant. TV was measured in coronal and transversal MRI
using the ellipsoid formula (TV = Lengtn X High X Depth x 0.523). In
808 (24.4%) patients, CT scans were used for tumour measurement
instead of MRI, especially for patients registered on SIOP
9 and 93/01.

3 | RESULTS

WT accounted for 88.5% of patients, followed by CMN (4.2%), CCSK
(3.8%), MRTK (1.8%) and RCC (1.7%). Patients with CMN and MRTK
were significantly younger and patients with RCC significantly older at
diagnosis than WT patients. CMN, MRTK and RCC were associated
with significantly smaller TV at diagnosis (Figure 1, Table 1).

Metastases at diagnosis were most common in patients with
MRTK (37.9%) and occurred with decreasing frequency in patients
with WT (18.1%), RCC (15.8%), and CCSK (12.7%). In metastatic
patients, MRTK was diagnosed earlier and RCC later than WT
(Figure 1, Table 1). In contrast to metastatic WT and CCSK, metastatic
RCC patients were younger at diagnosis than patients with localized
disease (Table 1). None of the patients with CMN had metastasis at
diagnosis.

Of 254 (7.7%) patients with bilateral tumours only one patient
had CCSK (Table 1). Patients with unilateral CCSK were significantly
younger at diagnosis than patients with unilateral WT (median age:
33 vs. 38 months, respectively; Figure 1, Table 1). Both were associ-
ated with significant larger TV compared to the other entities

(Figure 1, Supplemental Figure 1). A CPS or congenital malformation

was more often known at diagnosis in WT compared to the total
group of non-WT (Table 1).

3.1 | Localized unilateral kidney tumours

Of 1935 patients with localized unilateral kidney tumours 87.3% had
WT, 4.9% CMN, and 4.9% CCSK (Table 2). RCC (1.6%) and MRTK
(1.3%) were less common. Above 1 month of age only WT and CCSK
occurred in all age groups. CMN was diagnosed earliest and in
20 patients prior to birth (Supplemental Table 2), followed by MRTK,
CCSK, WT, and RCC (Tables 2 and 1).

CCSK patients presented with the largest TV, followed by WT,
MRTK, CMN, and RCC having the smallest TV. Only 7.4% of CCSK
patients had TV <100 mL, of whom five were younger than
36 months. TV >1000 mL occurred only in WT and CCSK (Table 2).

3.1.1 | Age group <36 months

Half of all tumours were diagnosed within the first 36 months of life.
WT was present in 82.6%, followed by CMN (9.6%), CCSK (5.7%), and
MRTK (2.1%). No RCC was diagnosed in this age group. Up to the age
of 1 month, only CMN and WT were present and up to 3 months,
CMN was the most common tumour (Supplemental Table 2, Supple-
mental Figure 2). Both tumours showed no significant differences in
TV at this very young age. Above 6 months, CMN was present in only
1.6% and none was older than 36 months. Between 6 and 36 months
CCSK occurred second most frequently (6.6%) and presented with the
largest TV (354 mL) with 12.1% of patients with TV over 1000 mL
having CCSK. These patients were diagnosed in more than 70%
between 12 and 36 months (Supplemental Table 2). MRTK patients
younger than 36 months were associated with significantly smaller TV
compared to WT and only 2/21 with more than 500 mL (Table 2).

312 |
months

Age group 36-84 months and 84-120

WT was present in approximately 94% of patients diagnosed between
36-84 and 84-120 months. Accordingly, non-WT were rare in these age
groups. MRTK and RCC were present in less than 1% of cases. However,
compared to WT, RCC occurred significantly more frequently in small
tumours <100 mL in the 84-120 months age group than in<84 months
(p < .001). MRTK did not occur in patients older than 84 months (Table 2).

3.1.3 | Age group >120 months
In this age group, RCC (23.6%) was the second most common tumour
and occurred in a significantly higher proportion compared to earlier
age ranges. CCSK was rare (3.8%) and RCC showed significant smaller
TV at diagnosis than WT (Figure 1, Table 2).
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FIGURE 1

tumours, statistical tests: Mann-Whitney-U, chi?-test.

32 |

The distribution of histologies among the 431 patients who pre-
sented with metastatic disease at diagnosis was WT 395 (91.6%),

Metastatic unilateral kidney tumours

Comparative analysis of relevant clinical and tumour related parameters; N = 3052 patients with unilateral paediatric kidney

MRTK 17 (4.0%), CCSK 15 (3.5%), and RCC 4 (1.0%). Metastatic
WT was larger, and patients were older than localized WT,
whereas metastatic RCC had smaller TV and patients were youn-

ger than localized RCC. In contrast such correlations were not
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TABLE 1 Characteristic of the five most common paediatric kidney tumours.
Metastasis Age at diagnosis
Frequency Age at diagnosis (months) TV at diagnosis (mL) at diagnosis of metastasis CPS Bilaterality
N (%) Median [CI] (mean) Median [CI] (mean) N (%) Median [CI] (mean) N (%) N (%)
WT 2927 (88.5) 38.0[47.3; 51.1] 361.1[434.5; 464.7] 529 (18.1) 54.5[63.3; 73.1] 171 (5.8) 253 (8.6)
CMN 138 (4.2) 0.0%[1.5; 3.2] 67.2[122.9; 193.8] 0(0.0) n.a. 3(2.2) 0(0.0)
CCSK 126 (3.8) 33.0[36.5; 51.7] 418.0 [422.1; 582.3] 16 (12.7) 48.0 [33.2; 72.5] 3(2.4) 0.8)
MRTK 8(1.8) 12.0 [12.6; 23.6] 234.0 [220.1; 344.1] 22 (37.9) 11.0[9.4; 23.6] 1(1.7) 0.0)
RCC 57 (1.7) 154.0 [133.5; 159.4] 44.6 [68.6; 201.1] 9(15.8) 117.0 [45.6; 197.4] 1(1.8) 0(0.0)
All 3306 (100) 36.0 [46.2; 49.8] 345.0 [418.2; 446.4] 577 (17.4) 54.0 [61.6; 71.0] 179 (5.4) 254(7.7)

Note: N = 3306 patients with paediatric kidney tumours.
Abbreviation: CPS, congenital predisposition syndrome.
@Prenatal diagnosis in 20 patients.

seen in MRTK and CCSK. (Supplemental Table 1, Supplemental
Figure 1).

3.2.1 | Patients <18 and 18-36 months

MRTK was the most common metastatic tumour in patients younger
than 18 months (48.0%), followed by WT (44.0%), CCSK, and RCC
(14.0% each) (Table 3, Supplemental Figure 2). More than 80% of
MRTK patients had TV <500 mL at diagnosis (Table 3). At 18-36
months WT was present in 91.0% of patients. Despite the high pro-
portion of WT in this age group, CCSK must be considered in TV
between 500 and 1000 mL, and over 1000 mL, where it occurred in
7.7% and 15.4%, respectively (Table 3).

3.2.2 | Patients >36 months at diagnosis

WT was associated with the largest TV gradually increasing with age
followed by CCSK, MRTK, and RCC (Supplemental Table 1, Supple-
mental Table 3). In contrast to metastatic RCC in whom three out of
four patients had TV <100 mL, no metastatic CCSK patient was diag-
nosed with TV <100 mL. No metastatic MRTK patient was older than
84 months and only one RCC patient younger than 84 months
(Table 3).

3.3 | ROCforageand TV

The separate ROC analysis for age and TV at diagnosis yielded out-
standing AUC values for discrimination between WT and CMN or
RCC by age and clearly helpful values for discrimination by TV with
cut-off values for age and TV of 8.5 months and 123.5 mL (WT vs.
CMN) or 86.5 months and 128.5 mL (WT vs. RCC) (Figure 2). In binary
logistic regression these results were confirmed as highly statistically
significant (Supplemental Table 4). WT and MRTK could be differenti-
ated from each other by age but not by TV (AUC value <0.7, Figure 2).

No discrimination was possible for WT and CCSK (AUC values <0.7,
Supplemental Table 3). Combining the age and volume in a multiple
logistic regression for WT versus CMN, RCC, and MRTK, the subse-
quent ROC analyses, based on the predicted probabilities determined
in the regression analyses, yielded higher AUC values of >0.9 for WT
versus CMN or RCC and >0.8 for WT versus MRTK, compared with
the ROC analysis of the volume parameter alone and, for WT versus
MRTK, even for the age parameter alone (Figure 2).

4 | DISCUSSION

In this retrospective study, we aimed to identify in addition to imag-
ing, clinical and tumour-related parameters that may increase the
accuracy of initial diagnosis of paediatric kidney tumours. Such non-
invasive attempts have been described already.2 However, to the best
of our knowledge, this is the first and largest cohort to systematically
classify paediatric kidney tumours by age, TV, metastasis and bilateral-

ity at diagnosis.

4.1 | Incidence, bilaterality and metastasis

Our results of 11.5% non-WT (Table 1) confirm those from the Sur-
veillance, Epidemiology, and End Results Program (SEER) in the
United States, where non-WT occurred in 12.2%.® But comparing
the SEER data with data from the Nationwide Registry for Childhood
Haematological Malignancies and Solid Tumors (NARCHEM-ST) in
Greece, Doganis found more non-WT (22.6% of paediatric kidney
tumours) attributed to different registration and coding practices and
healthcare systems.'® Frequencies of 3.5%, 2%-5%, 2%-4%, and
1.5% for CMN, CCSK, RCC, and MRTK respectively>'*~1¢ are similar
with those in our study.

Bilateral paediatric kidney tumours are highly suspicious for
WT. Of a total of 254 patients in our series with bilateral tumours,
253 were WT and only one patient had CCSK. In the literature, bilat-
eral CCSK has been reported in only three cases with widely
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TABLE 2 Classification regarding age and at TV diagnosis for unilateral, localized, non-CPS associated paediatric kidney tumours, n.a. not

applicable, grey if frequency <5%.

e CMN WT CCsK MRTK RCC Total
Age [months]  diagnosis [mL] N % N % N % N % N % N %
<36 <100 53 252 144 686 5 24 8 3.8 0 0.0 210 100
100-499 35 6.5 457 85.3 33 6.2 11 21 0 0.0 536 100
500-999 7 33 189 892 14 6.6 2 0.9 0 0.0 212 100
21000 0 0.0 29 879 4 121 0 0.0 0 0.0 33 100
All volumes 95 9.6 819 826 56 57 21 21 0 0.0 991 100
Median 70.0 313.0 354.0 140.0 n.a. 290.0
95% Cl (mean)  [131.7;215.9]  [348.7;391.2] [336.1; 547.8] [125.4;319.6] na. [332.7; 371.5]
36-84 <100 mL 0 0.0 96 98.0 1 1.0 0 0.0 1 1.0 98 100
100-499 0 0.0 320 930 18 52 5 1.5 1 0.3 344 100
500-999 0 0.0 197 966 7 34 0 0.0 0 0.0 204 100
>1000 0 0.0 60 938 4 6.3 0 0.0 0 0.0 64 100
All volumes 0 0.0 673 948 30 4.2 5 0.7 2 0.3 710 100
Median n.a. 377.0 417.5 226.0 223.7 379.5
95% Cl (mean) n.a [437.9; 494.3] [382.6; 794.6] [109.9; 467.7] [-2461.8; 2909.1] [441.2; 497.5]
84-120 <100 0 0.0 18 857 O 0.0 0 0.0 3 14.3 21 100
100-499 0 0.0 49 960 1 2.0 0 0.0 1 2.0 51 100
500-999 0 0.0 39 95.1 2 4.9 0 0.0 0 0.0 41 100
>1000 0 0.0 14 933 1 6.6 0 0.0 0 0.0 15 100
All volumes 0 0.0 120 938 4 3.1 0 0.0 4 3.1 128 100
Median n.a. 411.5 649.5 n.a. 42.3 376.5
95% Cl (mean) n.a [424.6;567.0]  [2.4;1257.6] n.a. [-12.4; 113.9] [417.0; 555.1]
>120 <100 0 0.0 18 514 1 29 0 0.0 16 457 35 100
100-499 0 0.0 28 80.0 1 2.9 0 0.0 6 17.1 35 100
500-999 0 0.0 15 833 O 0.0 0 0.0 3 16.7 18 100
21000 0 0.0 16 889 2 111 0 0.0 0 0.0 18 100
Total 0 0.0 77 726 4 3.8 0 0.0 25 23.6 106 100
Median n.a. 396.0 751.0 n.a. 75.9 271.0
95% Cl (mean) n.a. [464.8;742.1] [-315.3; 1677.8] n.a. [65.2; 307.2] [396.8; 619.2]
All ages All volumes 95 4.9 1689 87.3 94 4.9 26 1.3 31 1.6 1935 100
Median 70.0 344.0 402.5 205.0 65.0 328.0
95% Cl (mean) [131.7; 215.9] [410.4; 445.3] [412.7; 601.2] [154.0; 316.5] [71.3; 271.1] [369.1; 428.9]

disseminated disease.'” The high proportion of WT is consistent with
a previous study in which bilateral tumours occurred only in WT and
MRTK (92% and 8%, respectively) in patients aged less than 7 months
at diagnosis.'® Such rare cases of bilateral MRTK are also reported in
other studies.*®® In addition, we could not confirm the risk of bilater-
ality of RCC as reported previously,1416:1?

As patients with bilateral tumours are at higher risk of an underly-
ing cancer predisposition syndrome (CPS)?° we found significantly
more CPS (not including MRTK predisposition syndrome) in WT than
in non-WT.

We confirm the highest risk of metastasis in MRTK (38% in our

series), ranging from 22% to 50% despite their young age.?!

Particularly in young children with metastasis and TV <500 mL, MRTK
must be considered. 15.8% of RCC patients presented with metastasis
at diagnosis which is in accordance with previous studies that
reported from 18% to 25%.>'* No CMN patient of our cohort had
metastasis, confirming the very low metastatic risk of this tumour.*®
Nevertheless, CMN with distant metastases has been reported in rare
cases, mainly in association with the cellular subtype.?2-2* Compared
to previous studies, we found a higher risk of distant metastasis for
CCSK (13% vs. 4%-7%).1>Y7 The association of older age, larger TV
and more advanced tumour stage in our series of WT was recently
also reported in a large SEER cohort of 3463 patients?® (Supplemental
Table 3).
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TABLE 3 Classification regarding age and at TV diagnosis for unilateral, metastatic, non-CPS associated paediatric kidney tumour; grey if

frequency <5%.

TVat WT CCsK

Age [months] diagnosis [mL] N % N %

<18 <100 1 50.0 0 0.0
100-500 5 333 0 0.0
500-1000 4 57.1 1 14.3
>1000 1 100 0 0.0
Total 11 44.0 1 4.0
Median [mL] 470 n.a.
95% CI [mL] [293.5; 692.3] n.a.

18-36 <100 1 100 0 0.0
100-500 35 92.1 1 2.6
500-1000 24 923 2 7.7
>1000 11 84.6 2 15.4
Total 71 91.0 5 6.4
Median [mL] 499.0 827.0
95% CI [mL] [596.1; 74.4] [165.2, 1452.8]

36-84 <100 8 100 0 0.0
100-500 96 923 6 5.8
500-1000 89 97.8 1 11
>1000 35 100 0 0.0
Total 228 95.8 7 29
Median [mL] 535.0 423.0
95% Cl [mL] [552.2; 662.2] [283.6; 490.1]

84-120 <100 5 71.4 0 0.0
100-500 14 100 0 0.0
500-1000 21 95.5 1 4:5
>1000 11 100 0 0.0
Total 51 94.4 1 1.9
Median [mL] 674.0 n.a.
95% CI [mL] [575.1; 819.4] n.a.

>120 <100 0 0.0 0 0.0
100-500 4 80.0 1 20.0
500-1000 9 100 0 0.0
>1000 21 100 0 0.0
Total 34 94.4 1 2.8
Median [mL] 1140.0 n.a.
95% CI [mL] [996.8; 1514.5] n.a.

All ages All volumes 395 91.6 15 3.5
Median [mL] 573.0 483.0
95% Cl [mL] [628.6; 725.9] [362.9; 767.4]

4.2 | Age, volume and ROC curves

MRTK RCC Total

N % N % N %

1 50.0 0 0.0 2 100
9 60.0 1 6.7 15 100
2 28.6 0 0.0 7 100
0 0.0 0 0.0 100
12 48.0 1 40 25 100
2915 n.a. 397.0

[201.6; 454.4] n.a. [304.5; 521.0]
0 0.0 0 0.0 1 100
2 5.3 0 0.0 38 100
0 0.0 0 0.0 26 100
0 0.0 0 0.0 13 100
2 2.6 0 0.0 78 100
211 na. 499.5
[-335.4,757.4] n.a. [539.2; 739.1]
0 0.0 0 0.0 8 100
2 1.9 0 0.0 104 100
1 11 0 0.0 91 100
0 0.0 0 0.0 35 100
3 1.3 0 0.0 238 100
403.0 n.a. 524.0
[-386.1;1230.7] na. [545.3; 651.5]
0 0.0 2 28.6 7 100
0 0.0 0 0.0 14 100
0 0.0 0 0.0 22 100
0 0.0 0 0.0 11 100
0 0.0 2 3.7 54 100
na. 77 672.5

n.a. [-9.09; 24.5] [551.8; 793.1]
0 0.0 1 100 1 100
0 0.0 0 0.0 5 100
0 0.0 0 0.0 9 100
0 0.0 0 0.0 21 100
0 0.0 1 2.8 36 100
na. na. 1112.0

n.a n.a [935.7; 1453.2]
17 4.0 4 1.0 431 100
254.0 51.6 543.0

[223.0; 438.8] [-63.9; 214.1] [608.1; 700.0]

combined in the ROC analysis for WT versus CMN or RCC, AUC

S uicc 1961

Age at diagnosis showed the highest discriminatory potential,
which is reflected in the AUC values of the ROC analysis, indicat-
ing that age is the best parameter to discriminate between enti-

ties. However, when the parameters TV and age at diagnosis are

values are improved compared to the volume parameter but not
to the age parameter alone. Especially, for MRTK, it is recom-
mended to consider both parameters, as the AUC value for the
combined ROC analysis was even higher than for the age parame-

ter alone.
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FIGURE 2 Receiver operating characteristic analyses for unilateral, non-syndromic WT versus CMN, RCC and MRTK regarding age- and TV
at diagnosis.

85U8017 SUOWILIOD BAIIER.D 8|qed!|dde auy Aq peusenob aJe sepie YO ‘88N Jo Sa|ni 1oy Ariq1]8UIIUO AB|IA UO (SUORIPUOD-PUR-SWBIAW0D A8 |IM A eIq U1 UO//SANY) SUORIPUOD PUe SWe | 38U} 88S " [,202/70/9T] Uo Ariqi]aulluO AB|IM ‘sspueliees sa@ 1BeISBAIUN AQ 028€ 011/200T OT/I0p/Woo" A3 1M AReiq1|euluo//Sdiy woly pepeojumod ‘TT ‘%202 ‘STZ0260T



WELTER ET AL.

Consistent with previous work, we identified CMN as the most
common kidney tumour up to 3 months of age.'® Thereafter the fre-
quency decreases significantly as reported by others.*® No other
localized tumour than CMN and WT was diagnosed within the first
3 months of life (Supplemental Table 2). The significantly older age at
diagnosis, the higher proportion of RCC diagnosed after 120 months
of age, and the smaller TV at diagnosis compared to WT (Figure 1),
are consistent with literature,>->17:2¢

Despite the significantly younger age at diagnosis of unilateral
CCSK compared with unilateral WT in our series, the median ages
(33 and 38 months, respectively) are close and CCSK cannot be reli-
ably distinguished from WT based on age or TV.?>*>1” This is con-
firmed in our ROC analysis. In addition, WT and CCSK are associated
with significantly larger TV at diagnosis compared to all other
entities.?”

In accordance with the known young age of MRTK patients,®
our ROC analysis can discriminate MRTK from WT for age but not for
TV alone. Nevertheless, MRTK was associated with significantly smal-
ler TV compared to WT in our cohort, especially in metastatic
tumours.

43 | Biopsy recommendations

A recent review made biopsy recommendations for kidney tumours
based on various factors such as imaging, age, TV, metastases, and
biochemical features.?® For the parameters examined here, we pro-
pose to discuss adjustments to biopsy recommendations based on the
frequency profiles established for the respective subgroups. It is
important to note that our results are from a retrospective analysis
and therefore prospective validation using an independent data set is
required. Our approach to biopsy recommendations is shown in
Table 4. In a French cohort of 317 patients with kidney tumours
(265 WT, 44 non-WT [13.9%]), treated according to SIOP 93-01 and
2001 protocols, a biopsy was performed in 35% of patients.?” In our
series 11.5% of patients had a non-WT. With our parameters we can
distinguish WT from non-WT in up to 90% to get a precise diagnosis.
We have defined subgroups of kidney tumours that need a histologi-
cal proven tumour diagnosis to be safe starting pre-operative chemo-
therapy. According to our approach, upfront histology will be
necessary in 14.6% of patients with unilateral, localized and in 7.7%
with unilateral, metastatic tumours only (Table 4). In addition to our
recommendations, imaging parameters and, in the future, radiomics
and liquid biopsies can help to decide whether a biopsy is

necessa ry.2’28

43.1 | Unilateral, localized tumours

We recommend a tru-cut biopsy in patients with small and localized,
unilateral kidney tumours who are older than 120 months (Table 4) as
the intraoperative rupture rate is independent of TV and will be

reduced by pre-operative chemotherapy?’ By giving pre-operative

INTERNATIONAL uce 1963
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chemotherapy in case of WT these patients may also qualify for NSS. In
the group of patients older than 84 months with a TV <100 mL, primary
resection can be discussed, as the relative frequency of RCC increases
significantly in this group compared to WT (Table 2). This decision needs
to be made by an experienced surgeon. In the literature, a cut-off value
of TV <70 mL is given for biopsy, especially in patients older than
120 months of age.?8%C Patients who are younger than 6 months of age
should be operated primarily according to SIOP.2 However, because WT
is the most common tumour in patients between 3 and 6 months, a tru-
cut biopsy not upstaging a tumour should be considered in this age
group, at least if WT is suspected on imaging, in order to reduce the risk

of stage Ill by giving pre-operative chemotherapy.??%°

4.3.2 | Unilateral, metastatic tumours

Currently, a tru-cut biopsy is recommended in metastatic kidney
tumours <2 years.2?830 |n a recent study, one-third of biopsied meta-
static patients <2 years had MRTK.?” However, in our series, MRTK
was the most common tumour only below the age of 18 months.
Between 18 and 36 months MRTK occurred only in 2.6%. Therefore,
we suggest a tru-cut biopsy only in metastatic patients who are youn-
ger than 18 months (Table 4). In addition, our analysis revealed that
37.5% of patients older than 7 years at diagnosis with small tumours
of less than 100 mL had RCC. Hence, we would further recommend a
tru-cut biopsy in this subgroup. However, it should be mentioned that

only eight patients met these criteria (Table 4).

44 | Imaging, radiomics and biomarker
MRI, including diffusion-weighted imaging (DWI), demonstrates
increasing non-invasive differentiation potential of paediatric renal
tumours through the identification of characteristic imaging features
for each entity. CCSK, for example, shows a typical band-like
enhancement pattern on contrast-enhanced TW1 imaging and rela-
tively high ADC values on DWI.1* MRTK has been described in previ-
ous studies to be associated with subcapsular fluid collection and
multiple tumour lobules on MRI, but this is not confirmed in the cur-
rent literature, which focuses more on the aggressive growth pattern of
MRTK.***! |n contrast to WT, CMN and in particular the classic subtype
is typically characterized by the absence of the T2-hypointense tumour
capsule,? whereas RCC shows a T2 hypointensity on MRI, which, in com-
bination with the significantly higher age at diagnosis and the smaller TV,
is an important differentiating parameter from WT.2°

However, not all of the imaging features described above are spe-
cific to the respective non-WT and WT may also exhibit some of
these features.® Further improvements in non-invasive diagnosis
of childhood kidney tumours can be expected by the addition of inter-
pretation of MRI images including radiomics. First results are already
available, showing that different MRI modalities (T1, T1 plus contrast
enhancement, T2, DWI) as well as radiomic parameters might be ben-

eficial in such a setting.*®%10263334 postprocessing techniques of
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Biopsy recommendations, 1PE = primary excision, 2primary excision if imaging indicative for CMN, tru-cut biopsy if imaging is

suggestive for WT and surgery is deemed difficult, °NSS = nephron sparing surgery, 4 sum of the patients in the white columns.

Unilateral, localized kidney tumours (N = 1935)

Age (months) 0-3 3-6 6-84 84-120 >120

TV (mL) >100 <100 <1000 >1000

Approach PE’ PE vs. tru- Preop. Preop. NSS? tru-cut/ NSS Preop.

cut? Chemo Chemo Chemo

N% | Total 95 100.0 | 79 100.0 § 1527  100.0 107  100.0 § 21 100.0 88  100.0 18 100.0
WT 25 26.3 61 77.2 1407 92.1 102 95.3 18 85.7 61 69.3 16 88.9
Non-WT 70 73.7 18 228 121 7.9 5 4.7 3 14.3 27 307 2 11.1
CCSK 1 1.1 1 1.3 84 515 4 3.7 0 0.0 2 23 2 1.1
MRTK 1 1.1 & 3.8 22 1.4 0 0.0 0 0.0 0 0.0 0 0.0
RCC 0 0.0 0 0.0 2 0.1 1 0.9 3 14.3 25 28.4 0 0.0

Indication for upfront histology*in 283/1935 (14:6%)

Unilateral, metastatic kidney tumours (N = 431)

Age (months) <18 18-36 36-84 > 84

TV (mL) >100 <100

Approach tru-cut Preop. Preop. Preop. tru-cut/ NSS

Chemo Chemo Chemo

N Total 25 100.0 78 100.0 238 100.0 82 100.0 8 100.0

(%) | WT 11 44.0 71 91.0 228 95.8 80 97.6 5 62.5
non- WT 14 56.0 7 9.0 10 4.2 2 2.4 3 37.5

(%) | CCSK 1 4.0 5 6.4 7 29 2 2.4 0 0.0
MRTK 12 48.0 2 2.6 3 1.3 0 0.0 0 0.0
RCC 1 4.0 0 0.0 0 0.0 0 0.0 3 37.5

Indication for upfront histology* in 33/431 (7-7%)

DWI can be helpful in discriminating WT subtypes.®® Littooij et al.
demonstrated a strong inverse linear relationship between the per-
centages of stromal- and blastemal histopathology with ADC parame-
ters, if necrosis, haemorrhage or cystic lesions were excluded.®”

In addition, liquid biopsy analysis of specific tumour markers will
be of help in the future. The broad spectrum of Wilms tumour driver
genes would still require whole exome or genome sequencing to iden-
tify culprits, but this is different for non-WT cases.2® The highly spe-
cific internal tandem duplications of BCOR in CCSK are amenable to
direct PCR testing.®” In addition, the frequent ETV6-NTRK3 transloca-
tions, EGFR internal tandem duplications and BRAF alterations in
CMN are targetable in liquid biopsy samples.>® For RCC, transloca-
tions involving TFE3 are likewise frequent, while SMARCB1 inactiva-
tion in MRTK may require deep sequencing to identify causative
mutations.?® All these tools will require well-established analytic pipe-
lines to enable rapid assessment in this time-critical period prior to ini-

tiation of neoadjuvant chemotherapy.

45 | Pre-operative treatment optimization and its
possible beneficial effects

Our approach allows us to treat as many patients as possible with
neoadjuvant treatment with the lowest risk of inadequate pre-
operative treatment allowing a better stage distribution and taking
into consideration the response to pre-operative chemotherapy
post-operatively. In this way, treatment intensity could be signifi-
cantly reduced or even personalized in the future. The higher
number of stage |, the lower number of stage Ill and the achieve-
ment of complete remission of metastasis in patients with stage IV
after pre-operative chemotherapy may result in less post-
operative anthracyclines, shorter duration of treatment and less
radiotherapy.® The reduction of treatment intensity is correlated
with fewer late effects. Even the number of NSS will be likely
increased after pre-operative chemotherapy compared to primary

surgery.®?
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4.6 | Limitations

Our analysis has some limitations. These include the retrospective design
of the statistical analysis. Therefore, a prospective analysis or validation in
an independent cohort is required to validate the proposed biopsy recom-
mendations. In addition, bias in the measurement of tumour volume can-
not be excluded regarding the use of different imaging modalities over the
long study period. Similarly, the frequency of metastases is dependent on
the underlying imaging modality. In all three SIOP/GPOH studies 9, 93-01
and 2001, lung metastases were diagnosed by chest x-ray as standard, but
a bias with regard to CT cannot be ruled out in the more recent study
period, especially as in SIOP/GPOH 2001 more lung CTs were performed
that is now standard in the current UMBRELLA protocol of SIOP/RTSG.

4.7 | Conclusions
We identified age and TV at diagnosis as reliable parameters for the dif-
ferentiation between WT and CMN or RCC. MRTK must be considered
for metastatic tumours in patients younger than 18 months of age. Non-
invasive differentiation between WT and CCSK remains a challenge.
According to our results, tumours with specific parameters of age,
TV, non-bilaterality and/or metastases should be confirmed by a tru-
cut biopsy. If RCC or CMN is suspected, primary surgery must be con-
sidered instead of a tru-cut biopsy. Overall, upfront histology is
required in about 13% of patients with unilateral kidney tumours as
given in our cohort. These recommendations are waiting for prospec-
tive confirmation. With the help of further parameters (e.g., recently
described MRI characteristics of non-WT including DWI and in future
Al-based texture analysis of MRI images of different modalities and
liquid biopsies) a better discrimination can be expected.

AUTHOR CONTRIBUTIONS

The work reported in the paper has been performed by the authors,
unless clearly specified in the text. Investigation: N.W., G.M., R.F.,
N.G., J-P.S. Conceptualization: NW., N.G., J-P.S. Data curation: NW.,
G.M., J-P.S., N.G. Visualization: N.\W., N.G., J-P.S. Formal analysis:
N.W., SW., N.G,, J-P.S. Wiring-original draft: N.W. Writing-review and
editing: R.F., AB., MM,, LK, C.V,, SW.W,, JF, C-M.M,, PM,, M.G,,
S.\W., J-P.S., N.G. Methodology: N.W., R.F., M.G., SW., N.G,, J-P.S. Pro-
ject administration: N.\W., N.G. Supervision: R.F., J-P.S., N.G. Validation:
R.F., AB., MM, LK, CV, SW.W, JF,, C-M.M,, PM,, M.G,, SW., J-P.
S., N.G. Management and coordination responsibility for the research
activity  planning/execution:  N.W., N.G. Funding acquisition:
N.G. Resources: SW.W, J.F., M.G., P.M,, J-PS., RF., N.G.

ACKNOWLEDGEMENTS

This work was partly funded by the German Cancer Aid (Deutsche
Krebshilfe, grant numbers: 70-1899 and 50-2709-GR2), the Elterninitia-
tive krebskranker Kinder im Saarland e.V. and the EU-FP7 grant 270089
(p-medicine). The authors thank all patients and their families for partici-
pating in the corresponding clinical trials and the participating centres.

Open Access funding enabled and organized by Projekt DEAL.

INTERNATIONAL uce 1965
JOURNAL of CANCER 7 J—

FUNDING INFORMATION

This work was partly funded by the German Cancer Aid (grant num-
bers: 70-1899 and 50-2709-GR2), the Elterninitiative krebskranker
Kinder im Saarland e.V. and the EU-FP7 grant 270089 (p-medicine).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data presented in this study is available on request from the cor-
responding author. The data of all patients was pseudonymized and
stored in a central and encrypted SQL database.

ETHICS STATEMENT

Ethical approval for these trials was obtained from the Arztekammer des
Saarlandes (No: 136/01, 09/20/2002, and 248/13, 01/13/2014). All
parents or guardians gave informed consent for study participation.

ORCID
Nils Welter "2 https://orcid.org/0000-0001-9874-4726
Rhoikos Furtwdngler =) https://orcid.org/0000-0002-1967-8343

Marvin Mergen 2 https://orcid.org/0000-0002-3891-580X
https://orcid.org/0000-0003-4954-6488
https://orcid.org/0000-0002-4138-4536
https://orcid.org/0000-0001-5522-3250
Clemens-Magnus Meier "2 https://orcid.org/0000-0001-5553-6302
https://orcid.org/0000-0002-7915-6045
Stefan Wagenpfeil = https://orcid.org/0000-0002-4558-4041
Norbert Graf " https://orcid.org/0000-0002-2248-323X

Leo Kager
Christian Vokuhl

Steven W. Warmann

Manfred Gessler

REFERENCES

1. Nakata K, Colombet M, Stiller CA, Pritchard-Jones K, Steliarova-
Foucher E. Incidence of childhood renal tumours: an international
population-based study. Int J Cancer. 2020;147(12):3313-3327. doi:
10.1002/ijc.33147

2. Watson TA, Oostveen M, Rogers H, Pritchard-Jones K, Olsen @. The
role of imaging in the initial investigation of paediatric renal tumours.
Lancet Child Adolesc Health. 2020;4(3):232-241. doi:10.1016/52352-
4642(19)30340-2

3. van den Heuvel-Eibrink MM, Hol JA, Pritchard-Jones K, et al. Position
paper: rationale for the treatment of Wilms tumour in the UMBRELLA
SIOP-RTSG 2016 protocol. Nat Rev Urol. 2017;14(12):743-752. doi:
10.1038/nrurol.2017.163

4. Jha SK, Brown C, Kang L, et al. Update on the role of imaging in stag-
ing of common pediatric abdominal tumors. Curr Probl Cancer. 2023;
47(2):100969. doi:10.1016/j.currproblcancer.2023.100969

5. Beek JN, Hol JA, Coulomb-I'Hermine A, et al. Characteristics and
outcome of pediatric renal cell carcinoma patients registered in the
International Society of Pediatric Oncology (SIOP) 93-01, 2001 and
UK-IMPORT database: a report of the SIOP-Renal Tumor Study
Group. Int J Cancer. 2021;148(11):2724-2735. doi:10.1002/ijc.33476

6. Beek JN, Artunduaga M, Schenk JP, et al. Similarities and controversies
in imaging of pediatric renal tumors: a SIOP-RTSG and COG collabora-
tion. Pediatr Blood Cancer. 2023;70(S2):1-12. doi:10.1002/pbc.30080

7. Artunduaga M, Eklund M, Beek JN, et al. Imaging of pediatric renal
tumors: a COG Diagnostic Imaging Committee/SPR Oncology Commit-
tee White Paper focused on Wilms tumor and nephrogenic rests.
Pediatr Blood Cancer. 2023;70(S4):e30004. doi:10.1002/pbc.30004

85U8017 SUOWILIOD BAIIER.D 8|qed!|dde auy Aq peusenob aJe sepie YO ‘88N Jo Sa|ni 1oy Ariq1]8UIIUO AB|IA UO (SUORIPUOD-PUR-SWBIAW0D A8 |IM A eIq U1 UO//SANY) SUORIPUOD PUe SWe | 38U} 88S " [,202/70/9T] Uo Ariqi]aulluO AB|IM ‘sspueliees sa@ 1BeISBAIUN AQ 028€ 011/200T OT/I0p/Woo" A3 1M AReiq1|euluo//Sdiy woly pepeojumod ‘TT ‘%202 ‘STZ0260T


https://orcid.org/0000-0001-9874-4726
https://orcid.org/0000-0001-9874-4726
https://orcid.org/0000-0002-1967-8343
https://orcid.org/0000-0002-1967-8343
https://orcid.org/0000-0002-3891-580X
https://orcid.org/0000-0002-3891-580X
https://orcid.org/0000-0003-4954-6488
https://orcid.org/0000-0003-4954-6488
https://orcid.org/0000-0002-4138-4536
https://orcid.org/0000-0002-4138-4536
https://orcid.org/0000-0001-5522-3250
https://orcid.org/0000-0001-5522-3250
https://orcid.org/0000-0001-5553-6302
https://orcid.org/0000-0001-5553-6302
https://orcid.org/0000-0002-7915-6045
https://orcid.org/0000-0002-7915-6045
https://orcid.org/0000-0002-4558-4041
https://orcid.org/0000-0002-4558-4041
https://orcid.org/0000-0002-2248-323X
https://orcid.org/0000-0002-2248-323X
info:doi/10.1002/ijc.33147
info:doi/10.1016/S2352-4642(19)30340-2
info:doi/10.1016/S2352-4642(19)30340-2
info:doi/10.1038/nrurol.2017.163
info:doi/10.1016/j.currproblcancer.2023.100969
info:doi/10.1002/ijc.33476
info:doi/10.1002/pbc.30080
info:doi/10.1002/pbc.30004

1966 | 1JC

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.
23.
24,

25.

INTERNATIONAL

@Quicc

WELTER ET AL.

JOURNAL of CANCER

Beek JN, Watson TA, Nievelstein R, et al. Characteristics of pediatric
renal tumors: a SIOP-RTSG radiology panel Delphi study. J Magn
Reson Imaging. 2022;55(2):543-552. doi:10.1002/jmri.27878

Schenk JP, Graf N, Ginther P, et al. Role of MRI in the management
of patients with nephroblastoma. Eur Radiol. 2008;18(4):683-691. doi:
10.1007/s00330-007-0826-4

Beek JN, Krijger RR, Nievelstein RAJ, et al. MRI characteristics of
pediatric and young-adult renal cell carcinoma: a single-center retro-
spective study and literature review. Cancers (Basel). 2023;15(5):
1401. doi:10.3390/cancers15051401

Beek JN, Schenk JP, Watson TA, et al. Diagnostic MRI characteristics of
pediatric clear cell sarcoma of the kidney and rhabdoid tumor of the kid-
ney: a retrospective multi-center SIOP-RTSG radiology panel study. EJC
Paediatr Oncol. 2023;2:100122. doi:10.1016/j.ejcped.2023.100122

Alba AC, Agoritsas T, Walsh M, et al. Discrimination and calibration of
clinical prediction models: users' guides to the medical literature. J Am
Med Assoc. 2017;318(14):1377-1384. doi:10.1001/jama.2017.12126
Doganis D, Karalexi MA, Panagopoulou P, et al. Incidence patterns of
childhood non-Wilms renal tumors: comparing data of the Nation-
wide Registry of Childhood Hematological Malignancies and Solid
Tumors (NARECHEM-ST), Greece, and the Surveillance, Epidemiol-
ogy, and End Results Program (SEER), USA. Cancer Epidemiol. 2022;
78:102153. doi:10.1016/j.canep.2022.102153

Geller JI, Ehrlich PF, Cost NG, et al. Characterization of adolescent
and pediatric renal cell carcinoma: a report from the Children's Oncol-
ogy Group study ARENO3B2. Cancer. 2015;121(14):2457-2464. doi:
10.1002/cncr.29368

Furtwangler R, Gooskens SL, van Tinteren H, et al. Clear Cell Sarco-
mas of the Kidney registered on International Society of Pediatric
Oncology (SIOP) 93-01 and SIOP 2001 protocols: a report of the
SIOP Renal Tumour Study Group. Eur J Cancer. 2013;49(16):3497-
3506. doi:10.1016/j.ejca.2013.06.036

Tomlinson GE, Breslow NE, Dome J, et al. Rhabdoid tumor of the kidney
in the National Wilms' Tumor Study: age at diagnosis as a prognostic fac-
tor. J Clin Oncol. 2005;23(30):7641-7645. doi:10.1200/JC0.2004.00.8110
Gooskens SLM, Furtwéngler R, Vujanic GM, Dome JS, Graf N, van den
Heuvel-Eibrink MM. Clear cell sarcoma of the kidney: a review. Eur J
Cancer. 2012;48(14):2219-2226. doi:10.1016/j.ejca.2012.04.009

van den Heuvel-Eibrink MM, Grundy P, Graf N, et al. Characteristics
and survival of 750 children diagnosed with a renal tumor in the first
seven months of life: a collaborative study by the SIOP/GPOH/SFOP,
NWTSG, and UKCCSG Wilms tumor study groups. Pediatr Blood Can-
cer. 2008;50(6):1130-1134. doi:10.1002/pbc.21389

Beek JN, Geller JI, Krijger RR, et al. Characteristics and outcome of
children with renal cell carcinoma: a narrative review. Cancers (Basel).
2020;12(7):1-26. doi:10.3390/cancers12071776

Nils W, Angelo W, Rhoikos F, et al. Characteristics of
nephroblastoma/nephroblastomatosis in children with a clinically
reported underlying malformation or cancer predisposition syndrome.
Cancers (Basel). 2021;13(19):5016. doi:10.3390/cancers13195016
van den Heuvel-Eibrink MM, van Tinteren H, Rehorst H, et al. Malignant
rhabdoid tumours of the kidney (MRTKs), registered on recent SIOP pro-
tocols from 1993 to 2005: a report of the SIOP Renal Tumour Study
Group. Pediatr Blood Cancer. 2011;56(5):733-737. doi:10.1002/pbc.22922
Furtwaengler R, Reinhard H, Leuschner |, et al. Mesoblastic nephroma—a
report from the Gesellschaft fur Padiatrische Onkologie und Hamatologie
(GPOH). Cancer. 2006;106(10):2275-2283. doi:10.1002/cncr.21836
England RJ, Haider N, Vujanic GM, et al. Mesoblastic nephroma: a report
of the United Kingdom children's cancer and leukaemia group (CCLG).
Pediatr Blood Cancer. 2011;56(5):744-748. doi:10.1002/pbc.22871

Liu T, Al-Kzayer LFY, Sarsam SN, et al. Cellular congenital mesoblastic
nephroma detected by prenatal MRI: a case report and literature
review. Transl Pediatr. 2022;11(1):163-173. doi:10.21037/tp-21-289
Qian DC, Sykes-Martin KD, Tobillo R, et al. Impact of age on overall
survival among children with Wilms tumor. Am J Clin Oncol. 2023;
46(5):213-218.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Hotker AM, Mazaheri Y, Lollert A, et al. Diffusion-weighted MRI and
histogram analysis: assessment of response to neoadjuvant chemo-
therapy in nephroblastoma. Abdom Radiol. 2021;46(7):3317-3325.
doi:10.1007/500261-021-03032-9

de la Monneraye Y, Michon J, Pacquement H, et al. Indications and
results of diagnostic biopsy in pediatric renal tumors: a retrospective
analysis of 317 patients with critical review of SIOP guidelines.
Pediatr Blood Cancer. 2019;66(6):1-11. doi:10.1002/pbc.27641
Jackson TJ, Brisse HJ, Pritchard-Jones K, et al. How we approach paedi-
atric renal tumour core needle biopsy in the setting of preoperative che-
motherapy: a review from the SIOP Renal Tumour Study Group. Pediatr
Blood Cancer. 2022;69(9):e29702. doi:10.1002/pbc.29702

Graf N, Tournade MF, de Kraker J. The role of preoperative chemo-
therapy in the management of Wilms' tumor. The SIOP studies. Inter-
national Society of Pediatric Oncology. Urol Clin North Am. 2000;
27(3):443-454. doi:10.1016/s0094-0143(05)70092-6

Brisse HJ, de la Monneraye Y, Cardoen L, Schleiermacher G. From
Wilms to kidney tumors: which ones require a biopsy? Pediatr Radiol.
2020;50(8):1049-1051. doi:10.1007/s00247-020-04660-x

Schenk JP, Engelmann D, Rohrschneider W, et al. Rhabdoid tumors of
the kidney in childhood—a retrospective radiomorphologic analysis of
22 patients as part of the nephroblastoma study SIOP 93/01-GPOH reg-
istered cases. RoFo. 2004;176(7):965-971. doi:10.1055/s-2004-813030
Schenk JP, Schrader C, Furtwangler R, et al. MRI-morphology and
staging of congenital mesoblastic nephroma: evaluation of a collec-
tion with 20 patients. RoFo. 2005;177(10):1373-1379. doi:10.1055/
s-2005-858359

Hotker AM, Lollert A, Mazaheri Y, et al. Diffusion-weighted MRI in the
assessment of nephroblastoma: results of a multi-center trial. Abdom
Radiol. 2020;45(10):3202-3212. doi:10.1007/s00261-020-02475-w
Harteveld AA, Littooij AS, van Noesel MM, van Stralen M, Bos C. Per-
fusion imaging of neuroblastoma and nephroblastoma in a paediatric
population using pseudo-continuous arterial spin-labelling magnetic
resonance imaging. Magn Reson Mater Phys Biol Med. 2022;35(2):235-
246. doi:10.1007/5s10334-021-00943-y

Littooij AS, Nikkels PG, Hulsbergen-van de Kaa CA, van de Ven CP,
van den Heuvel-Eibrink MM, Olsen @E. Apparent diffusion coeffi-
cient as it relates to histopathology findings in post-chemotherapy
nephroblastoma: a feasibility study. Pediatr Radiol. 2017;47(12):1608-
1614. doi:10.1007/s00247-017-3931-9

Walz AL, Maschietto M, Crompton B, et al. Tumor biology, bio-
markers, and liquid biopsy in pediatric renal tumors. Pediatr Blood
Cancer. 2023;70:70(S2). doi:10.1002/pbc.30130

Ueno-Yokohata H, Okita H, Nakasato K, et al. Preoperative diagnosis
of clear cell sarcoma of the kidney by detection of BCOR internal tan-
dem duplication in circulating tumor DNA. Genes Chromosomes Can-
cer. 2018;57(10):525-529. doi:10.1002/gcc.22648

Wegert J, Vokuhl C, Collord G, et al. Recurrent intragenic rearrange-
ments of EGFR and BRAF in soft tissue tumors of infants. Nat Com-
mun. 2018;9(1):2378. doi:10.1038/s41467-018-04650-6

Murphy AJ, Davidoff AM. Nephron-sparing surgery for Wilms tumor.
Front Pediatr. 2023;11:1122390. doi:10.3389/fped.2023.1122390

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Welter N, Metternich G,
Furtwéngler R, et al. How to improve initial diagnostic
accuracy of kidney tumours in childhood?—A non-invasive
approach. Int J Cancer. 2024;154(11):1955-1966. doi:10.
1002/ijc.34870

85U8017 SUOWILIOD BAIIER.D 8|qed!|dde auy Aq peusenob aJe sepie YO ‘88N Jo Sa|ni 1oy Ariq1]8UIIUO AB|IA UO (SUORIPUOD-PUR-SWBIAW0D A8 |IM A eIq U1 UO//SANY) SUORIPUOD PUe SWe | 38U} 88S " [,202/70/9T] Uo Ariqi]aulluO AB|IM ‘sspueliees sa@ 1BeISBAIUN AQ 028€ 011/200T OT/I0p/Woo" A3 1M AReiq1|euluo//Sdiy woly pepeojumod ‘TT ‘%202 ‘STZ0260T


info:doi/10.1002/jmri.27878
info:doi/10.1007/s00330-007-0826-4
info:doi/10.3390/cancers15051401
info:doi/10.1016/j.ejcped.2023.100122
info:doi/10.1001/jama.2017.12126
info:doi/10.1016/j.canep.2022.102153
info:doi/10.1002/cncr.29368
info:doi/10.1016/j.ejca.2013.06.036
info:doi/10.1200/JCO.2004.00.8110
info:doi/10.1016/j.ejca.2012.04.009
info:doi/10.1002/pbc.21389
info:doi/10.3390/cancers12071776
info:doi/10.3390/cancers13195016
info:doi/10.1002/pbc.22922
info:doi/10.1002/cncr.21836
info:doi/10.1002/pbc.22871
info:doi/10.21037/tp-21-289
info:doi/10.1007/s00261-021-03032-9
info:doi/10.1002/pbc.27641
info:doi/10.1002/pbc.29702
info:doi/10.1016/s0094-0143(05)70092-6
info:doi/10.1007/s00247-020-04660-x
info:doi/10.1055/s-2004-813030
info:doi/10.1055/s-2005-858359
info:doi/10.1055/s-2005-858359
info:doi/10.1007/s00261-020-02475-w
info:doi/10.1007/s10334-021-00943-y
info:doi/10.1007/s00247-017-3931-9
info:doi/10.1002/pbc.30130
info:doi/10.1002/gcc.22648
info:doi/10.1038/s41467-018-04650-6
info:doi/10.3389/fped.2023.1122390
info:doi/10.1002/ijc.34870
info:doi/10.1002/ijc.34870

	How to improve initial diagnostic accuracy of kidney tumours in childhood?-A non-invasive approach
	1  INTRODUCTION
	2  PATIENTS AND METHODS
	2.1  Study population, design
	2.2  Statistical analysis

	3  RESULTS
	3.1  Localized unilateral kidney tumours
	3.1.1  Age group <36 months
	3.1.2  Age group 36-84 months and 84-120 months
	3.1.3  Age group >120 months

	3.2  Metastatic unilateral kidney tumours
	3.2.1  Patients <18 and 18-36 months
	3.2.2  Patients >36 months at diagnosis

	3.3  ROC for age and TV

	4  DISCUSSION
	4.1  Incidence, bilaterality and metastasis
	4.2  Age, volume and ROC curves
	4.3  Biopsy recommendations
	4.3.1  Unilateral, localized tumours
	4.3.2  Unilateral, metastatic tumours

	4.4  Imaging, radiomics and biomarker
	4.5  Pre-operative treatment optimization and its possible beneficial effects
	4.6  Limitations
	4.7  Conclusions

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


