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Abstract
Renal tumours of childhood are rare, although they are one of the most common 
solid tumours in children. They include numerous entities, which have different 
clinical, histological, molecular biological and prognostic features, so their pre-
cise diagnosis and staging are critical for appropriate treatment. The most com-
mon is Wilms’ tumour (WT) with ~80-85 % of all cases, whereas other entities 
including mesoblastic nephroma, clear cell sarcoma, rhabdoid tumour, renal 
cell carcinoma, metanephric tumours and others are very rare (2-4 % each) 
which explains why they represent a big diagnostic challenge for diagnostic pa-
thologists. They are subclassified into three risk groups – low, intermediate and 
high – which have different treatments and prognosis. There are two big study 
groups which have different approaches but remarkable similar outcomes. The 
International Society of Paediatric Oncology approach (followed in most of the 
world) is based on preoperative chemotherapy, followed by surgery and further 
therapy, whereas the Children’s Oncology Group approach (followed mainly in 
the United States and Canada) is based on primary surgery, followed by postop-
erative treatment.

Kew words: Renal tumours; Wilms’ tumour; Prognostic groups; Clinico-patho-
logical features.
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Introduction

Renal tumours comprise about 7 % of all tumours 
in children up to 15 years of age.1 Wilms tumour 
(WT) (nephroblastoma) is by far the most common 
(80-85 % of all renal tumours), whereas all other 
tumours are very rare (2-4 % each). The rarity 
of these tumours has been the main reason that, 
for more than 50 years, they are being treated in 
multicentre studies in the United States (through 
the Children’s Oncology Group - COG) and Europe 
(International Society of Paediatric Oncology 
– SIOP),2 which follow different treatment 
strategies. The COG treatment strategy includes 
primary nephrectomy followed by postoperative 
therapy, whereas the SIOP strategy typically 
includes preoperative chemotherapy followed by 
nephrectomy and postoperative therapy. In both 

approaches postoperative therapy primarily 
depends on histological subtype and stage. 
Because histological criteria for subtyping and 
staging of WT differ between COG and SIOP, it is 
not possible to simply compare the results type-
for-type and stage-for-stage, but nevertheless 
their survival results are remarkably similar.2 
The current SIOP and COG classifications 
distinguish three treatment groups: low-, 
intermediate- and high-risk tumours (Table 1).3, 4 
The correct assignment of tumour stage is one of 
the most critical and demanding responsibilities 
of the pathologist.5 The staging criteria have 
changed over time as the significance of different 
findings have become apparent.6



Table 1: Histological risk classifications for Wilms’ tumour

International Society 
of Paediatric Oncology 

(SIOP)

Children's Oncology 
Group (COG) 

Low risk

- Cystic partially differentiated

nephroblastoma*

- Completely necrotic Wilms’

tumour

Intermediate risk

- Epithelial, stromal, mixed,

regressive types

- Focal anaplasia

High risk

- Diffuse anaplasia

- Blastemal type

* Cystic partially differentiated nephroblastoma treated with surgery only

Low risk

- Cystic partially differentiated

nephroblastoma*

Intermediate risk

- Favorable histology Wilms’

tumour

- No evidence of anaplasia

High risk

- Diffuse anaplasia

- Focal anaplasia

Wilms’ tumour
WT is a malignant embryonal tumour deve-
loping from nephrogenic blastema and 
histologically it resembles the foetal kidney. 
It is typically diagnosed in children 3-4 years 
of age, it is uncommon in neonates and infants 
and exceptionally rare in adults.7 It shows racial 
differences and the prevalence rate is the same in 
Europeans and North Americans (8 per million), 
but it is more common in Africans and least 
common in East Asian population. There is a 
slight female predominance.7

Clinically, it is usually discovered as an 
asymptomatic abdominal mass, but in 20-30 % 
of cases it may present with clinical signs and 
symptoms including abdominal pain, haematuria, 
hypertension and anaemia. Although the majority 
of patients are non-syndromic, in 10-15 % of 
patients it is associated with syndromes and 
congenital anomalies.8 Syndromes with a high-
risk (> 20 %) of developing WT are WAGR (WT 
– aniridia – genitourinary anomalies – range 
of intellectual disabilities) and Denys-Drash 
syndrome (congenital nephropathy, WT and 
intersex disorders), moderate risk (5-20 %) is 
associated with Beckwith-Wiedemann syndrome, 
Simpson-Golabi-Behmel syndrome and Fraiser 
syndrome and low-risk is associated with Bloom 
syndrome, DICER1 syndrome, Li-Fraumeni 
syndrome and isolated hemihypertrophy. 
Recognition of these predisposition syndromes 
is important for clinical follow up of affected 
children. In 1-2 % of cases, WT is familial.9

Pathologically, WT presents as a large, solitary 
mass, however, in 10 % of cases it is multinodular. 

In 5-10 % of patients it presents as bilateral 
disease.10 Histologically, classical/typical WT 
consists of three components: blastemal, epithelial 
and stromal (Figure 1), but many WT contain only 
two or one component. These components may be 
present in various proportions and each one may 
show a different line and degree of differentiation, 
resulting in numerous histological appearances. 
Preoperative chemotherapy may modify original 
histological features by destroying different 
tumour cells and inducing maturation of other 
components.11 Some WTs show prominent 
heterologous differentiation of their components 
(skeletal muscle, adipose tissue, cartilage, bone, 
squamous epithelium, mucinous epithelium, etc.) 
resulting in so-called ‘teratoid’ appearance.12 
In the SIOP classification, WT are subclassified 
into types depending on the percentages of 
the chemotherapy-induced changes and viable 
tumour components, resulting in eight types 
and three risk groups (Table 2).4 In the COG 
classification, the only histological feature of 
adverse prognostic significance is anaplasia, 
which is found in about 8-10 % of cases.13 Anaplasia 
may occur in any cell type and it is defined as the 
presence of large atypical multipolar mitoses, 
together with marked nuclear enlargement and 
hyperchromasia (Figure 2).14 Anaplasia is further 
subclassified as focal (FA) and diffuse anaplasia 
(DA). FA is defined as the presence of anaplastic 
changes in one or a few sharply demarcated foci 
within the primary tumour, without evidence of 
marked nuclear atypia elsewhere in the tumour. 
DA is defined as non-localised anaplasia and/or 
anaplasia beyond the original tumour capsule; 
FA with marked nuclear atypia elsewhere in the 
tumour; anaplasia that is not clearly demarcated 
from non-anaplastic tumour; anaplasia in 
intrarenal vascular extensions, extrarenal 
invasive sites or metastases; and anaplasia in 
a random biopsy sample.14 Despite relatively 
simple criteria, diagnosis of anaplasia is still a big 
diagnostic problem for practising pathologists, 
with 30-50 % of cases being misdiagnosed by 
institutional pathologists.15 In COG, FA and DA 
are regarded as high-risk tumours, whereas in 
the SIOP classification FA is subclassified in the 
intermediate-risk group and DA in the high-risk 
group.4 Diffuse anaplasia is associated with a poor 
prognosis, especially at the higher stage. Anaplasia 
is not obliterated or induced by preoperative 
chemotherapy. It is associated with p53 mutations 
and is often positive on p53 immunohistochemical 
staining. In the SIOP classification of WTs treated 
with preoperative chemotherapy, blastemal-type 
WT is also subclassified into the high-risk group.4 
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WT most commonly metastasizes to the lungs and 
lymph nodes, whereas bone and brain metastases 
are rare.

Table 2: Histological criteria for Wilms’ tumour subtyping in 
SIOP classification

Tumour type Histological features (% of a tumour)
CIC Epithelium Stroma Blastema

Completely necrotic

Regressive

Mixed

Mixed

Epithelial

Stromal

Blastemal

100

> 66

< 66

< 66

< 66

< 66

< 66

0

0 - 33

0 - 65

0 - 89

66 - 100

0 - 33

0 - 33

0

0 - 33

0 - 65

0 - 89

0 - 33

66 - 100

0 - 33

0

0 - 33

0 - 65

0 - 10

0 - 10

0 - 10

66 - 100
CIC - chemotherapy-induced changes; SIOP - International Society of Paediatric On-
cology;

Figure 1: Wilms’ tumour, mixed type, consisting of blastemal, 
epithelial and stromal components

Figure 2: Wilms’ tumour, anaplastic type, showing atypical mito-
ses, nuclear enlargements and hyperchromasia

In several studies, significance of impaired 
regulation of genes and their protein products 
involved in cell cycle control and DNA repair has 
been investigated for prognostic and therapeutic 
stratification of different histological types of 
WT, using immunohistochemical and genetic 
methods. Although the results of some p53 
mutation studies have shown that their detection 
could contribute to the stratification of prognostic 
risk, especially associated with anaplastic WT,16-18 
the practical significance of such testing has not 
been established.

Also, although some association of surviving 
and cyclin A immunoexpression levels with 
histological types of WT was demonstrated, 
the differences observed were not statistically 
significant.19, 20

WT develops from precursor lesions which are 
called nephrogenic rests (NR) which represent 
abnormally persistent (after 36 weeks of 
gestation) foci of embryonal cells.15 NR are 
found in 30-40 % of unilateral and in over 90 % 
of bilateral WT,21, 22 and are subclassified into 
perilobar and intralobar NRs, depending on 
their localisation within the renal lobe. Both 
types are further subclassified into dormant, 
sclerosing and hyperplastic NRs and they may 
regress to fibrous tissue or progress to WT.15 

Perilobar NR are associated with overgrowth 
syndrome (hemihypertrophy, Beckwith-Wiede-
mann syndrome); they are found at the renal 
lobe periphery and are composed of epithelial, 
stromal and blastemal structures (Figure 3a). 
Intralobar NR are often associated with WAGR 
and Denys-Drash syndromes.21 They are found 
within the renal lobe, usually contain abundant 
stroma and typically bland with the adjacent 
kidney (Figure 3b).

The genetics of WT shows a significant 
degree of heterogeneity – there are different 
tumour suppressor genes and different ge-
netic mechanisms, with losses and gains of 
chromosomal material, some translocations and 
methylation and imprinting changes.23 The only 
identified WT gene is WT1, on chromosome 11p13, 
its prevalence is 10-20 % and it is associated with 
stromal differentiation in WT. The second gene, 
WT2 is almost certainly on chromosome 11p15, 
but it is still to be identified. Epidemiological 
studies suggest at least three types of genetic 
pathway in WT pathogenesis.23 The NWTS 5 
trial showed that loss of heterozygosity on 
both chromosomes 16q and 1p was associated 
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Figure 3a, 3b: Nephrogenic rests: A. perilobar nephrogenic rest;
B. intralobar nephrogenic rest

A

B

with an unfavourable outcome,24 and this has 
been introduced in COG treatment stratification. 
However, only ~5 % of patients with non-
anaplastic WT show these abnormalities, making 
it irrelevant for the majority of patients with WT. 
On the other hand, 1q gain has been found in 28-
40 % of patients with WT and it has been shown 
to be associated with poor prognosis, prompting 
CG to introduce it as a new prognostic stratifier, 
whereas in SIOP UMBRELLA 2016 Study it is being 
prospectively studied.25

The prognostic factors in WT in COG and SIOP 
are tumour histological type and stage. In 
addition, in SIOP, prognostic factors also include 
tumour volume before and after preoperative 
chemotherapy in defined cases and responsiveness 
of lung metastases to initial chemotherapy in 
some groups. In COG, additional prognostic factors 
are age, tumour weight, rapidity of lung nodule 
response and molecular markers.26

Relapses occur in ~15 % of children and the majority 
within 2 years of diagnosis. The overall survival 
for patients with WT is now over 90 %; therefore, 
at present the focus is reduction of treatment in 
order to reduce therapy-related sequelae.27, 28

Cystic renal tumours
Entirely cystic renal tumours include cystic 
partially differentiated nephroblastoma (CPDN) 
and cystic nephroma (CN). They are rare and 
although they share many histological features 
(sharp demarcation from the renal parenchyma, 
cysts of different shapes and sizes, septa are the 
only solid parts and they may contain tubules 
and, in CPDN, foci of blastema (Figure 4), they are 
unrelated entities with CN belonging to DICER 
1-related tumours,29 whereas CPDN is part of 
a WT spectrum. They are both treated with 
surgery only and have excellent prognosis. Other 
renal tumours may show a prominent cystic 
appearance (but are almost never completely 
cystic), such as pre-treated WTs, mesoblastic 
nephroma, clear cell sarcoma of the kidney 
(CCSK) and even rhabdoid tumour of the kidney 
(RTK) and since their treatment and prognosis 
are very different, it is critical to diagnose them 
accurately.

Figure 4: Cystic partially differentiated nephroblastoma

Mesoblastic nephroma
Mesoblastic nephroma (MN) accounts for 2-3 % 
of all paediatric renal neoplasms and is regarded 
as a low-grade mesenchymal/myofibroblastic 
tumour of the kidney. It typically occurs in 
infancy and it is often congenital. About 90 % 
of cases present in the first nine months of life, 
whereas it nearly never occurs after 3 years of 
age.30 MN presents as an abdominal mass (~75 % 
of cases), hypertension (~20 %) and haematuria 
(~10 %).31 It is not associated nephrogenic rests, 
or with syndromes or congenital anomalies 
typical for WT and it is never metastatic or 
bilateral at presentation.

Macroscopically, it is presented as a solitary 
mass near the renal sinus. Histologically, it 
shows classical, cellular type and mixed pattern. 
The classical type (~25 % of cases) consists of 
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Figure 5a, 5b: Mesoblastic nephroma: A. classical type; B. cel-
lular type

A

B

Figure 6: Clear cell sarcoma of the kidney showing characteris-
tic vascular pattern

spindled cells with low mitotic activity, arranged 
in intersecting fascicles (Figure 5a), shows no 
capsule and infiltrates the renal parenchyma, 
renal sinus or perirenal fat. EGFR internal 
tandem duplication is a consistent and recurrent 
genetic event.32 The cellular type (~65 % of cases) 
consists of densely packed plump, round cells 
with vesicular nuclei and a small to moderate 
amount of cytoplasm (Figure 5b). Although it 
has no capsule, it is usually sharply demarcated 
from the renal parenchyma. It shares the same 
genetic abnormality as infantile fibrosarcoma: a 
t(12;15)(p13;q25) translocation with resultant 
ETV6-NTRK3 fusion.33 MN is treated with 
complete surgical excision, resulting in excellent 
survival.34 Rare local recurrences, particularly of 
cellular type, are due to incomplete resection and 
exceptionally rare cases of distant metastases 
have been reported.34 They all develop within 12 
months after the diagnosis, so patients should be 
followed up closely for at least 1 year. Relapses 
are treated with surgery too and chemotherapy 
is used only if tumours are inoperable. The 
differential diagnosis includes metanephric 
stromal tumour, clear cell sarcoma of the kidney 
and stromal-type WT. The correct diagnosis 
should be established on the basis of clinical, 
histological and molecular features of these 
tumours.

Clear cell sarcoma of the kidney
Clear cell sarcoma of the kidney (CSSK) 
represents ~3 % of renal tumours of childhood. 
Its peak incidence is between 2 and 4 years of age 
and it shows a male-to-female predominance of 
around 2:1.35 Clinically, it presents as a palpable 
abdominal mass, rarely with pain and gross 
haematuria. It is not associated with syndromes 
or congenital anomalies, it is never bilateral at 
presentation and no familial cases have been 
described.

Histologically, CCSK shows a wide histological 
spectrum of different patterns, including classical, 
epithelioid, spindled, sclerosing, palisading, 
myxoid, cystic and pleomorphic, which explains 
why it is the most frequently misdiagnosed renal 
tumour of childhood. Different patterns are usually 
found within the same tumour. The classical 
pattern is characterised by well-defined cords or 
nests of undifferentiated large cells with bland, 
empty-looking nuclei containing finely dispersed 
chromatin and usually no nucleoli. However, this 
pattern is seen in only ~30 % of cases. The most 
distinguishing feature is the delicate vascular 
network (Figure 6), which separates tumour cells 
into trabeculae or nest.36

Recent molecular studies revealed that 80-90 % of 
CCSK show internal tandem duplications within 
exon 16 of BCOR (BCOR ITD), ~5 % the t(10;17)
(q22;p13) translocation (resulting in a YWHAE-
NUTM2 fusion) and BCOR-CCNB3 gene fusion - 
these genetic alterations appear to be mutually 
exclusive. The remaining ~5 % of CCSK shows 
no genetic abnormalities and they may not be 
genuine CCSK.37, 38

Local lymph nodes are the most common 
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metastatic site at presentation for CCSK, but 
the bone is the commonest site for metastatic 
relapse.35 The introduction of doxorubicin has 
resulted in a remarkable improvement in the 
prognosis of stage I-III tumour.35

Rhabdoid tumour of the kidney
Rhabdoid tumour of the kidney (RTK) accounts 
for about 2 % of paediatric renal tumours. The 
mean age at diagnosis is 1 year and the median age 
is 11 months. Over 80 % of cases are diagnosed 
in the first 2 years of life and the diagnosis is 
debatable after the age of 5 years.39

Figure 7: Rhabdoid tumour of the kidney, showing non-cohe-
sive cells with large nuclei, prominent nucleoli and abundant 
cytoplasm 

Figure 8: Metanephric tumors: A. metanephric stromal tumour; 
B. metanephric adenoma

The tumour is associated with hypercalcaemia 
and synchronous or metachronous brain 
tumours. Characteristic histological features are 
the presence of large, non-cohesive tumour cells 
with eccentric large nuclei and very prominent 
eosinophilic central nucleoli (present in virtually 
all cases) and hyaline intracytoplasmatic inclusions 
(often seen only focally) (Figure 7). In addition 
to the classical pattern, the tumour may show 
numerous other patterns, including classical, 
sclerosing, epithelioid, clear cell sarcoma-like, 
lymphomatoid, vascular, pseudopapillary and 
cystic patterns.40 Immunohistochemically, in 
addition to vimentin (positive in all cases), 
RTK co-expresses different markers, including 
desmin, myoglobin, EMA, NSE, neurofilaments, 
S100 protein and CD99 (which are usually 
focally positive and not present in all cases).41 
However, the diagnostic immunohistochemical 
feature is absence of immunoreactivity for 
INI1 marker in the tumour cell nuclei. Genetic 
abnormalities of hSNF5/INI1 tumour suppressor 
gene on chromosome 22q11.12 has been 
identified in children with renal and extra-renal 
rhabdoid tumours and the atypical teratoid 

rhabdoid tumour of the brain.42 The differential 
diagnosis of RTK includes renal medullary 
carcinoma (also INI1 negative tumour), cellular 
mesoblastic nephroma, CCSK, blastemal WT and 
Ewing sarcoma. RTK is a highly invasive, lethal 
neoplasm which gives early metastases in lung, 
lymph nodes, liver, bone and brain. The prognosis 
is very poor with 80-90 % of patients dying 
within a few months of the diagnosis.39

Metanephric tumours
Metanephric tumours include a spectrum of rare 
entities, including metanephric stromal tumour 
(MST), metanephric adenofibroma (MAF) and 
metanephric adenoma (MA).43

Histologically, MST is a pure stromal tumour 
showing characteristic hypo- and hypercellular 
areas (resulting in a nodular appearance on low 
power view) (Figure 8a), concentric collarets 
of tumour around entrapped tubules and blood 
vessels which may show angiodysplasia. It 
occurs from 2 days to 156 months of age (median 
13 months) and it should be considered in the 
differential diagnosis of stromal tumours in 
children older than 3 years of age, when MN does 

B

A
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Conclusion

Renal tumours of childhood are a fascinating 
group of tumours where a remarkable progress 
in classification, treatment and understanding 
of molecular biology has been made. This has 
only been possible because of close collabora-
tion between patients, clinicians, pathologists 
and molecular biologists and their participa-
tion in national and international multicentre 
trials where all data have been systematically 
and meticulously collected and studied. Since 
these tumours are rare, they still represent 
a diagnostic problem and central pathology 
review in multicentre trials is essential for 
assigning the appropriate treatment. Molecu-
lar biology markers are likely to play an even 
more important role in future trials.

Figure 9: Renal cell carcinoma associated with MiTF translocation

not occur. It is treated with surgery only and has 
the same excellent prognosis as MN.43

MAF occurs in children and young adults and 
exhibits a mixture of stromal elements (identical 
to those in MST) and well-defined areas of 
immature epithelium (tubules and papillae).43

Finally, MA is more commonly found in adults 
than in children. It is usually small (up to 2 cm) 
and composed of monotonous small, closely 
packed tubules which show no mitoses.

Characteristically, there is no capsule between 
the tumour and the adjacent renal parenchyma 
(Figure 8b). MA may be difficult to distinguish 
from epithelial-predominant WT and there may 
be a close pathogenetic relationship.43

Renal cell carcinomas
Renal cell carcinomas (RCC) represent 3.5 % of 
renal tumours in children aged 0-14 years and 
70 % in children aged 15-19 years. They show 
significant clinical, histological and genetic 
differences from RCC seen in adults.44 The most 
common type in children is translocation-
associated RCC (MiT-RCC) (Figure 9), followed by 
papillary type RCC, whereas clear cell RCC, which 
is the most common type in adults, is very rare in 
children.

They usually present with haematuria, abdominal 
and/or flank pain and abdominal/flank mass. 
The majority of patients (48 %) presents as 
stage I and ~10 % as metastatic (stage IV) 
disease. The most common metastatic sites are 
lung and liver.44 After differences in malignant 
potential have been observed within rare RCC 
groups, histological, immunohistochemical and 
genetic characteristics that could contribute 

to prognostic risk stratification have been 
underway for many years.45

Localised RCC is curable with surgery alone 
and their prognosis is very good (~90 % overall 
survival). High-stage RCC (stage III-IV) show 
a dismal prognosis (~22 % overall survival). 
Recent studies showed an improved prognosis 
with adjuvant therapy and this should now be 
considered as standard.44

Renal medullary carcinoma is a rare, highly 
aggressive tumour occurring in children and 
young adults with sickle cell trait or disease. 
Patients usually present with widespread 
metastases and show no response to chemo- or 
radiotherapy, resulting in a poor survival (mean 
4 months).46

Other entities
Several other rare tumours have been recently 
identified in the kidney. Some have been 
recognised by the application of molecular 
biology techniques, such as Ewing sarcoma,47 
desmoplastic small round cell tumour,48 and 
synovial sarcoma,49 whereas others, such as 
anaplastic sarcoma of the kidney50 and mixed 
epithelial and stromal tumour of the kidney,51 
have been recognised on the basis of their 
characteristic clinicopathological features 
observed by examination of large series of cases 
from the multicentre studies.

343Vujanić and Đuričić. Scr Med 2022 Dec;53(4):337-45.



Conflict of interest

None.

References

1.	 Steliarova-Foucher E, Colombet M, Ries L, Moreno F, Do-
lya A, Bray F, et al. International incidence of childhood 
cancer, 2001-10: a population-based registry study. 
Lancet Oncol 2017;18:719-31.

2.	 Parsons LN. Wilms tumor: challenges and newcomers 
in prognosis. Surg Pathol Clin 2020; 13:683-93.

3.	 Vujanic GM, Sandstedt B, Harms D, Kelsey A, Leuschner 
I, de Kraker J. Revised International Society of Paedi-
atric Oncology (SIOP) working classification of renal 
tumors of childhood. Med Pediatr Oncol 2002;38:79-82.

4.	 Vujanic GM, Gessler M, Ooms A, Collini P, Coulomb-l;Her-
mine A, D;Hooghe E, et al. The UMBRELLA SIOP-RTSG 
2016 Wilms tumour pathology and molecular biology 
protocol. Nat Rev Urol 2018;15:693–701.

5.	 Vujanic GM, Sandstedt B, Kelsey A, Sebire NJ. Cen-
tral pathology review in multicenter trials and stud-
ies. Lessons from the Nephroblastoma trials. Cancer 
2009;115:1977-83.

6.	 Vujanić GM, Harms D, Bohoslavsky R, Leuschner I, De 
Kraker J, Sandstedt B. Nonviable tumor tissue should 
not upstage Wilms; tumor from stage I to stage II: A 
report from the SIOP 93–01 Nephroblastoma Trial and 
Study. Pediat Develop Pathol 2009;12:111-5.

7.	 Breslow NE, Olshan A, Beckwith JB, Green DM. Epidemi-
ology of Wilms tumor. Med Pediatr Oncol 1993;21:172–
181.

8.	 Scott RH, Stiller CA, Walker L, Rahman N. Syndromes 
and constitutional chromosomal abnormalities associ-
ated with Wilms tumour. J Med Genet 2006;43:705-15.

9.	 Ruteshouser EC, Huff V. Familial Wilms tumor. Am J Med 
Genet C Semin Med Genet 2004;129:29-34.

10.	 Charlton J, Irtan S, Bergeron C, Pritchard-Jones K. Bilat-
eral Wilms tumour: a review of clinical and molecular 
features. Exp Rev Mol Med 2017;19:e8.

11.	 Vujanić GM, D;Hooghe E, Popov SD, Sebire NJ, Kelsey A. 
The effect of preoperative chemotherapy on histologi-
cal subtyping and staging of Wilms tumors: The Unit-
ed Kingdom Children;s Cancer Study Group (UKCCSG) 
Wilms tumor trial 3 (UKW3) experience. Pediatr Blood 
Cancer 2019;66:e27549.

12.	 D’Hooghe E, Mifsud W, Vujanić GM. “Teratoid” Wilms 
tumor: the extreme end of heterologous element dif-
ferentiation, not a separate entity. Am J Surg Pathol 
2019;43:1583-90.

13.	 Dome JS, Cotton CA, Perlman EJ, et al. Treatment 
of anaplastic histology Wilms’ tumor: results from 
the fifth National Wilms’ Tumor Study. J Clin Oncol 
2006;24:2352-8.

14.	 Faria P, Beckwith JB, Mishra K, et al. Focal versus diffuse 
anaplasia in Wilms tumor - new definitions with prog-
nostic significance: a report from the National Wilms 
Tumor Study Group. Am J Surg Pathol 1996;20:909-20.

15.	 Beckwith JB, Kiviat NB, Bonadio JF. Nephrogenic rests, 
nephroblastomatosis and the pathogenesis of Wilms; 
tumor. Pediatr Pathol 1990;10:1-36.

16.	 Đuričić S, Đokić D, Vujić D, Basta-Jovanović G, Todor-
ović V, Radojević-Škodrić S, et al. Imunohistohemijska 
ekspresija onkoproteina p53 u Vilmsovom tumoru u 
odnosu na histološke komponente, histološke tipove 
i preoperacionu hemioterapiju. Srp Arh Celok Lek 
2008;136(Suppl. 4):298-306

Acknowledgements

None.

17.	 Maschietto M, Williams RD, Chagtai T, Popov SD, Sebire 
NJ, Vujanic G, et al. TP53 mutational status is a potential 
marker for risk stratification in Wilms tumour with dif-
fuse anaplasia. PLoS ONE 2014;9:e109924.

18.	 Ooms AH, Gadd S, Gerhard DS, Smith MA, Auvil JM, 
Meerzaman D, et al. Significance of TP53 mutation in 
Wilms tumors with diffuse anaplasia: a report from the 
Children;s Oncology Group. Clinical Cancer Research. 
2016;22:5582-91.

19.	 Basta-Jovanovic G, Radojevic-Skodric S, Brasanac D, 
Djuricic S, Milasin J, Bogdanovic L, et al. Prognostic 
value of surviving expression in Wilms tumor. J BUON 
2012;17:168-73.

20.	 Radojević Škodrić S, Brasanac D, Djuričić S, Glumac 
S, Loncar Z, Pavlovic I, et al. Immunohistochemical 
analysis of cyclin A expression in Wilms tumor. Peer J 
2019;6:e6212.

21.	 Breslow NE, Beckwith JB, Perlman EJ, Reeve AE. Age 
distributions, birth weights, nephrogenic rests and het-
erogeneity in the pathogenesis of Wilms tumor. Pediatr 
Blood Cancer 2006;47:260-7.

22.	 Vujanić GM, Apps JR, Moroz V, Ceroni F, Williams RD, 
Sebire NJ, et al. Nephrogenic rests in Wilms tumors 
treated with preoperative chemotherapy: The UK SIOP 
Wilms Tumor 2001 Trial experience. Pediatr Blood Can-
cer 2017;64:e26547.

23.	 Treger TD, Chowdhury T, Pritchard-Jones K, Behjati 
S. The genetic changes of Wilms tumour. Nature Rev 
Nephrol 2019;15:240-51.

24.	 Grundy PE, Breslow NE, Li S, Perlman E, Beckwith 
JB, Ritchey ML, et al. Loss of heterozygosity for chro-
mosomes 1p and 16q is an adverse prognostic factor 
in favorable - histology Wilms tumor: a report from 
the National Wilms Tumor Study Group. J Clin Oncol 
2005;23:7312-21.

25.	 Chagtai T, Zill C, Dainese L, Wegert J, Savola S, Popov 
S, et al. Gain of 1q as a prognostic biomarker in Wilms 
tumors (WTs) treated with preoperative chemothera-
py in the International Society of Paediatric Oncology 
(SIOP) WT 2001 trial: a SIOP renal tumours biology con-
sortium study. J Clin Oncol 2016;34:3195-203.

26.	 Nelson MV, van den Heuvel-Eibrink MM, Graf N, Dome 
JS. New approaches to risk stratification for Wilms tu-
mor. Cur Opin Pediatr 2021;33:40-8.

27.	 Vujanić GM, Hooghe E, Graf N, Vokuhl C, Al‐Saad R, 
Chowdhury T, et al. Prognostic significance of histo-
pathological response to preoperative chemotherapy 
in unilateral Wilms tumor: An analysis of 899 patients 
treated on the SIOP WT 2001 protocol in the UK CCLG 
and GPOH studies. Int J Cancer 2021;149:1332-40.

28.	 Fernandez CV, Perlman EJ, Mullen EA, Chi YY, Hamilton 
TE, Gow KW, et al. Clinical outcome and biological pre-
dictors of relapse after nephrectomy only for very low-
risk Wilms tumor: A report from Children’s Oncology 
Group AREN0532. Ann Surg 2017;265:835-40.

29.	 Doros LA, Rossi CT, Yang J, Field A, Williams GM, 
Messinger Y, et al. DICER1 mutations in childhood cystic 
nephroma and its relationship to DICER1-renal sarco-
ma. Mod Pathol 2014;27:1267-80.

30.	 Van den Heuvel‐Eibrink MM, Grundy P, Graf N, 
Pritchard‐Jones K, Bergeron C, Patte C, et al. Charac-

344 Vujanić and Đuričić. Scr Med 2022 Dec;53(4):337-45.



teristics and survival of 750 children diagnosed with a 
renal tumor in the first seven months of life: a collabo-
rative study by the SIOP/GPOH/SFOP, NWTSG and UK-
CCSG Wilms tumor study groups. Pediatr Blood Cancer 
2008;50:1130-4.

31.	 Gooskens SL, Houwing ME, Vujanic GM, Dome JS, Di-
ertens T, Coulomb‐l;Herminé A, et al. Congenital mes-
oblastic nephroma 50 years after its recognition: a nar-
rative review. Pediatr Blood Cancer 2017;64:e26437.

32.	 Zhao M, Yin M, Kuick CH, Chen H, Aw SJ, Merchant K, et 
al. Congenital mesoblastic nephroma is characterised 
by kinase mutations including EGFR internal tandem 
duplications, the ETV6–NTRK3 fusion and the rare 
KLHL7–BRAF fusion. Histopathology 2020;77:611-21.

33.	 Vokuhl C, Nourkami‐Tutdibi N, Furtwängler R, Gessler 
M, Graf N, Leuschner I. ETV6–NTRK3 in congenital me-
soblastic nephroma: A report of the SIOP/GPOH nephro-
blastoma study. Pediatr Blood Cancer 2018;65:e26925.

34.	 Jehangir S, Kurian JJ, Selvarajah D, Thomas RJ, Holland 
AJ. Recurrent and metastatic congenital mesoblastic 
nephroma: where does the evidence stand? Pediatr 
Surg Int 2017;33:1183-8.

35.	 Gooskens SL, Furtwängler R, Vujanic GM, Dome JS, Graf 
N, van den Heuvel-Eibrink MM. Clear cell sarcoma of the 
kidney: a review. Eur J Cancer 2012;48:2219-26.

36.	 Argani P, Perlman EJ, Breslow NE, Browning NG, Green 
DM, D;Angio GJ, Beckwith JB. Clear cell sarcoma of the 
kidney: a review of 351 cases from the National Wilms 
Tumor Study Group Pathology Center. Am J Surg Pathol 
2000;24:4-18.

37.	 Meara E, Stack D, Lee CH, Garvin AJ, Morris T, Argani 
P, et al. Characterization of the chromosomal transloca-
tion t(10;17)(q22;p13) in clear cell sarcoma of kidney. J 
Pathol 2012;227:72-80.

38.	 Wong MK, Ng CCY, Kuick CH, Aw SJ, Rajasegaran V, Lim 
JQ, et al. Clear cell sarcomas of the kidney are charac-
terised by BCOR gene abnormalities, including exon 15 
internal tandem duplications and BCOR-CCNB3 gene 
fusion. Histopathology 2018;72:320-9.

39.	 Amar AM, Tomlinson G, Green DM, Breslow NE, de Alar-
con PA. Clinical presentation of rhabdoid tumors of the 
kidney. J Pediatr Hematol Oncol. 2001;23:105-8.

40.	 Weeks DA, Beckwith JB, Mierau GW, Luckey DW. Rhab-
doid tumor of kidney. A report of 111 cases from the Na-
tional Wilms; Tumor Study Pathology Center. Am J Surg 
Pathol 1989;13:439-58.

41.	 Hoot AC, Russo P, Judkins AR, Perlman EJ, Biegel JA. 
Immunohistochemical analysis of hSNF5/INI1 distin-
guishes renal and extra-renal malignant rhabdoid tu-
mors from other pediatric soft tissue tumors. Am J Surg 
Pathol 2004;28:1485-91.

42.	 Pawel BR. SMARCB1-deficient tumors of childhood: a 
practical guide. Pediatr Develop Pathol 2018;21:6-28.

43.	 De Jel DV, Hol JA, Ooms AH, de Krijger RR, Jongmans 
MC, Littooij AS, et al. Paediatric metanephric tumours: 
a clinicopathological and molecular characterisation. 
Crit Rev Oncol Hematol 2020;150:102970.

44.	 van der Beek JN, Geller JI, de Krijger RR, Graf N, 
Pritchard-Jones K, Drost J, et al. Characteristics and out-
come of children with renal cell carcinoma: a narrative 
review. Cancers (Basel). 2020;12:1776. doi: 10.3390/
cancers12071776.

45.	 Peckova K, Vanecek T, Martinek P, Spagnolo D, Kuroda 
N, Brunelli M, Vranic S, Djuricic S, et al. Aggressive and 
nonaggressive translocation t(6;11) renal cell carcino-
ma: comparative study of 6 cases and review of the lit-
erature. Ann Diagn Pathol 2014;18:351-7.

46.	 Liu Q, Galli S, Srinivasan R, Linehan WM, Tsokos M, Me-
rino MJ. Renal medullary carcinoma: molecular, immu-
nohistochemistry and morphologic correlation. Am J 
Surg Pathol 2013;37:368-74.

47.	 Murugan P, Rao P, Tamboli P, Czerniak B, Guo CC. Pri-
mary Ewing sarcoma/primitive neuroectodermal tu-
mor of the kidney: a clinicopathologic study of 23 cases. 
Pathol Oncol Res 2018;24:153-9.

48.	 Wang LL, Perlman EJ, Vujanic GM, et al. Desmoplastic 
small round cell tumor of the kidney in childhood. Am J 
Surg Pathol 2007;3:576–84.

49.	 Blas L, Roberti J. Primary renal synovial sarcoma and 
clinical and pathological findings: a systematic review. 
Cur Urol Rep 2021;22:1-3.

50.	 Vujanic GM, Kelsey A, Perlman EJ, Sandstedt B, Beckwith 
JB. Anaplastic sarcoma of the kidney: a clinicopatholog-
ic study of 20 cases of a new entity with polyphenotypic 
features. Am J Surg Pathol 2007;31:1459-68.

51.	 Picken MM, Bova D, Pins MR, Quek ML. Mixed epithelial 
and stromal tumor of the kidney with extension into in-
ferior vena cava: case report and discussion of adult bi-
phasic cystic renal lesions and the significance of vascu-
lar involvement. Case Rep Pathol 2018;2018,8234295. 
doi: 10.1155/2018/8234295.

345Vujanić and Đuričić. Scr Med 2022 Dec;53(4):337-45.


