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5Syndromic Wilms’ Tumor

Nitin James Peters and Ram Samujh

5.1  Introduction

Anomalies, either isolated or as part of a syndrome, 
occur in approximately 10% of children with 
Wilms’ tumor (WT). WT1 and WT2 genes on 
chromosome bands 11p13 and 11p15.5 act as 
tumor suppressors and play multiple roles during 
kidney and gonad development. Several other 
genes include WTX (on chromosome X), CTNNB1 
(chromosome 3), and TP53 (chromosome 17) 
among others. The genes with their mutations and 
epigenetic defects associated with tumorigenesis of 
WT have been described elsewhere.

Among the various syndromes, the moderate 
to high-risk conditions include WAGR syndrome, 
Denys-Drash syndrome (DDS), familial WT, 
Perlman syndrome, and Frasier syndrome. These 
syndromes may be causative for WT in up to 
7–15% of children. There is at the best an anec-
dotal association between a variety of other clini-
cal scenarios also in patients with WT;  these 
include Li-Fraumeni syndrome, Down syndrome, 
Marfan syndrome, and the neurofibromatosis 
group of syndromes. For common urological 
conditions like horseshoe kidney, multicystic 
dysplastic kidney, cryptorchidism, and hypospa-
dias. There is very little data to corroborate the 

increased risk of WT association with these 
conditions.

5.2  Incidence and Genetic 
Penetrance

The median age of diagnosis of WT is 3–4 years, 
and it is extremely rare in patients about the age 
of 15 years [1]. Most cases of WT are unilateral 
and unifocal in nature, and only ~5% affect bilat-
eral kidneys [2]. WT is essentially a sporadic dis-
ease, with familial cases contributing only 1–2% 
of the incidence [3].

There are several syndromes and clinical and 
genetic conditions which have been reported to 
be associated with WT and with varying fre-
quency of ~ 9–17%. Either an epigenetic modi-
fication or a germline anomaly during the early 
development is hypothesized to be the cause of 
these associations [4, 5]. However, only a small 
number of conditions have any definitive evi-
dence of an increased risk of developing 
WT.  The association with several other condi-
tions is serendipitous at best. Non-syndromic 
bilateral WT and familial cases are probably 
explained by low-penetrance predisposition 
alleles as seen in several other malignancies like 
neuroblastoma [6]. Most of these cases remain 
unexplained, suggesting predisposition variants 
at other genetic loci [7].
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5.3  Syndromes and Clinical 
Conditions

Several conditions with risk of developing WT 
have been reported, and these can be classified as 
low, moderate, and high risk (Table 5.1) [8].

These conditions with risk of developing WT 
can broadly be studied under five groups:

 1. WT1-associated phenotypes
 2. Overgrowth syndromes
 3. Familial WT
 4. Other tumor predisposition syndromes
 5. Constitutional chromosomal disorders

5.4  WT1-Associated Phenotypes

WT1 is somatically inactivated in patients devel-
oping WT. Since WT1 is essential for the embryo-
genesis of the kidney, it may cause the lowering 
of the median age of diagnosis of WT in these 
children (median age 1 year) in comparison to the 
normal population (median age 3–4 years). These 
tumors are more likely to be bilateral and multi-
focal (up to 38% in associated syndromes). These 
tumors are commonly stromal rich and contain 
intralobar nephrogenic rests (ILNRs) [9]. WT1 
defects have different phenotypes, which usually 
manifest as WT, genitourinary malformations, 
and renal dysfunction.

5.4.1  WAGR Syndrome

WAGR (WT, aniridia, genitourinary malforma-
tions, intellectual disability, previously mental 
retardation) syndrome was one of the first syn-
dromes to be associated with WT (Fig. 5.1).

Table 5.1 Conditions with an increased risk of WT [8]

High risk (>20%)
•   WT1 deletions (including WAGR syndrome)
•   Truncating and pathogenic missense WT1 mutations 

(including Denys-Drash syndrome)
•   Familial WT
•   Perlman syndrome
•   Mosaic variegated aneuploidy
•   Fanconi anemia D1/biallelic BRCA2 mutations
Moderate risk (5–20%)
•   WT1 intron 9 splice mutations (Frasier syndrome)
•  Beckwith-Wiedemann syndrome caused by 11p15 

uniparental
•  Disomy, isolated H19 hypermethylation, or of 

unknown cause
•  Simpson-Golabi-Behmel syndrome caused by GPC3 

mutations/deletions
Low risk (<5%)
•  Isolated hemihypertrophya

•  Bloom syndrome
•  Li-Fraumeni syndrome/Li-Fraumeni-like syndrome
•  Hereditary hyperparathyroidism-jaw tumor 

syndrome
•  Mulibrey nanism
•  Trisomy 18
•  Trisomy 13
•  2q37 deletions

aIndividuals with hemihypertrophy caused by 11p15 uni-
parental disomy or isolated H19 hypermethylation are at 
moderate risk

Fig. 5.1 Aniridia (a component of WAGR syndrome) 
(Picture courtesy Prof S.  Kumaravel, JIPMER, 
Puducherry)

N. J. Peters and R. Samujh



47

Deletion of PAX6 causes aniridia, and WT1 
deletion causes genitourinary malformations and 
WT. Microdeletions encompassing WT1 are seen 
in 33% of patients with aniridia [10].

Risk stratification for individuals with WAGR 
syndrome ranges from 45 to 60%. These patients 
are diagnosed at an earlier age and have a greater 
preponderance of harboring bilateral disease in 
comparison to other syndromes. Ninety percent 
develop WT by the age of 4 years and 98% by the 
age of 7 years [11]. They have a favorable histol-
ogy and are associated with a higher incidence of 
ILNR.

There is an increased risk of developing end- 
stage renal disease (ESRD) in this group, and 
almost 40% individuals develop renal failure 
before the age of 20 years. Patients developing 
WT reported to have a survival rate of 48% after 
the age of 27 years [12].

5.4.2  WAGRO Syndrome

WAGR associated with obesity comprises of the 
WAGRO syndrome [13]. It has a variable pheno-
type. Of all the components aniridia is the most 
consistent [14]. Intellectual impairment is associ-
ated with over 70% WAGRO patients along with 
several neurological and metabolic disorders like 
obesity. They are commonly noted to have geni-
tourinary disorders such as cryptorchidism, 
hypospadias, uterine anomalies, and streak 
gonads.

Obesity (“O” for obesity) is the differentiating 
feature between WAGRO syndrome and 
WAGR.  In WAGRO syndrome, the deletion of 
the short arm of chromosome 11 is to the larger 
extent, involving the brain-derived neurotrophic 
factor (BDNF) gene. Deletion of BDNF gene is 
associated with symptoms of polyphagia, devel-
oping by the second year of life leading to obe-
sity in all children by 10 years of age [15].

5.4.3  Denys-Drash Syndrome

Denys-Drash syndrome (DDS) is defined as an 
association of diffuse mesangial sclerosis leading 

to proteinuria and renal failure along with ambig-
uous genitalia (Fig. 5.2), which in a male may be 
46XY disorder of sexual development (DSD) and 
a high risk of developing WT [16, 17]. Children 
with this condition have a germline point muta-
tion in WT1 exon eighth or ninth. These muta-
tions target important residues in the zinc finger 
domains that are essential for DNA binding of 
the WT1 protein. There may be other variants of 
aberrations in cases without renal failure [9].

The incidence of children with DDS who go 
on to develop WT may be as high at 74%, but 
some workers believe that even this is underre-
ported. Most of these children may die of ESRD 
before the potential development of WT [18].

5.4.4  Frasier Syndrome

Frasier syndrome (FS) characteristically has 
gonadal dysgenesis (476XY) DSD, gonadoblas-
toma, and nephropathy (focal segmental glomeru-

Fig. 5.2 Denys-Drash syndrome with ambiguous genita-
lia and WT
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losclerosis) [19]. The genito-urinary malformations 
in males are usually severe. Initially thought to be 
a separate entity from DDS, more researchers 
believe that FS and DDS are two extremes of a 
phenotypic spectrum [20, 21]. Heterozygous 
single- nucleotide variants in the WT1 intron 9 
donor splice site are the predominant type of alter-
ation observed in individuals with FS.  The risk 
stratification for these individuals to develop WT 
is moderate (5–20%).

5.4.5  Other WT1 Phenotypes

There may be clinical conditions with only one or 
two of the cardinal features of WT1 phenotypes, 
like WT and cryptorchidism and WT and 
nephropathy. Only about 2% of non-syndromic 
WT patients have germline WT1 gene mutations. 
The risk of developing WT in patients with 
microdeletions and missense mutations affecting 
zinc finger domains is significantly high—up to 
50% in some series [9].

5.5  Overgrowth Syndromes

Overgrowth syndromes in children are a hetero-
geneous group of conditions which have antena-
tal or postnatal overgrowth usually associated 

with other abnormal clinical conditions. These 
syndromes were thought to have an association 
with an increased incidence of WT; however in 
view of recent understandings, it is now known 
that only a few specific syndromes predispose to 
WT. There should be a tailored approach instead 
of a generalization of WT association in over-
growth syndromes.

5.5.1  Beckwith-Wiedemann 
Syndrome

Beckwith-Wiedemann syndrome (BWS) is a dis-
order, associated with pre- and post-natal over-
growth, anterior abdominal wall defects, 
macroglossia, earlobe creases, and hypoglycemia 
with hemihypertrophy (Fig. 5.3). There may be 
associated CAKUT, nephrolithiasis, and embryo-
nal tumors (WT, hepatoblastoma, neuroblastoma, 
rhabdomyosarcoma) [22]. The incidence is 1  in 
14,000 [23].

BWS is a result of mutations, epigenetic 
abnormalities, and aberrations at 11p15.5. Most 
patients with 11p15 defects may not fulfill the 
criteria of BWS even though they may have fea-
tures like isolated hemihypertrophy [24].

The risk of developing WT in patients of BWS 
is difficult to ascertain because of the carried 
genotypical and phenotypical presentations in the 

Fig. 5.3 Macroglossia and hemihyperplasia in Beckwith-Wiedemann syndrome in a case of WT (Picture courtesy 
Prof. S. Kumaravel, JIPMER, Puducherry)
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entire spectrum of this disease. Approximately 
7% of children with BWS develop WT. Defects 
that cause an increase in growth promoters are 
related with a higher risk of WT in BWS patients 
(Disomy of 11p15.5 or gain of methylation); 
about 25% of these individuals go on to harbor 
WT.  In patients with BWS with WT, 81% will 
develop the tumor by five years and almost 93% 
by 8 years [25].

Isolated hemihypertrophy may have an asso-
ciation with various other syndromes such as 
Proteus, Klippel-Trenaunay-Weber, and Cutis 
marmorata telangiectatica congenita. The asso-
ciation of these with WT is around 3% [26].

5.5.2  Simpson-Golabi-Behmel 
Syndrome

It is an X-linked overgrowth syndrome in which 
patients may present with skeletal and cardiac 
malformations, coarse facial features, accessory 
nipples, and intellectual impairment. About one- 
third of patients may have associated renal dys-
plasia [27].

Mutations or deletions of glypican-3 (GPC3) 
at Xq26 are seen in 70% of individuals affected. 
The risk stratification for WT is moderate, with 
about 9–10% incidence. There is low penetrance 
for other embryonal tumors [28].

5.5.3  Perlman Syndrome

It is an autosomal recessive overgrowth disorder 
identified by antenatal overgrowth with polyhy-
dramnios, visceromegaly, cryptorchidism, facial 
dysmorphism, developmental delay, renal dys-
plasia, and WT [29]. The genetic aberration is 
unclear; however, it may be similar to Simpson- 
Golabi- Behmel syndrome due to GPC3 muta-
tion. Renal hamartomas or WT (33%) or both are 
seen in the majority of reported cases. Five of the 
eight patients who survived the neonatal period 
went on to develop WT [30].

5.5.4  Sotos Syndrome

It is an overgrowth syndrome associated with 
facial, extremity, and cognitive abnormalities [31].

5.6  Familial Wilms’ Tumor

Sporadic WT running in families has an inci-
dence of 1–2%. The genetic defects are not well 
identified; however, WT1 mutations, mosaic var-
iegated aneuploidy, and biallelic BRCA2 muta-
tions are seen in specific families [32].

FWT1, an autosomal dominant gene on chro-
mosome 17q21 and another gene FWT2 at chro-
mosome 19q13, have been identified. The exact 
loci have not been mapped as yet. It is interesting 
to note that the penetrance of FWT1 mutation is 
about 30%, and WT in these families are diag-
nosed at a delayed age (median: 6 years) [33]. 
Several families without linkages to WT1, FWT1, 
and FWT2 exist, suggesting that significant 
genetic heterogeneity and penetrance is a com-
plex phenomenon.

5.7  Other Tumor Predisposition 
Syndromes

Mutations in more than 70 genes are associated 
with benign and malignant tumors, of which only 
a few have an increased risk of WT.

5.7.1  Bloom Syndrome

This is an autosomal recessive chromosomal ill-
ness characterized by short stature, hypo- and 
hyper-pigmented skin lesions which may be pho-
tosensitive, immunodeficiency, and a specific 
facial appearance. This syndrome has proven asso-
ciation with different malignancies, developing 
tumors in up to 50% of patients. Around 200 cases 
have been reported, and this condition has a low 
penetrance for WT (approximately 3%) [34, 35].

5 Syndromic Wilms’ Tumor
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5.7.2  Mosaic Variegated 
Aneuploidy

Mosaic variegated aneuploidy is an autosomal 
recessive disorder associated with mosaicism for 
deletions and additions of whole chromosomes. 
Clinical features may include microcephaly, 
growth retardation, developmental delay, cata-
racts, and congenital heart defects. Biallelic 
mutations in BUB1B are thought to be the spe-
cific genetic defect in this disorder. This syn-
drome is associated with embryonal and 
hematological cancers. About one-fourth of cases 
have an associated WT [36].

5.7.3  Fanconi Anemia

Fanconi anemia is usually diagnosed in children 
with short stature, microcephaly, “radial-ray” 
defects, skin lesions, and bone marrow failure. 
These patients are prone to myelodysplastic syn-
drome and acute myeloid leukemia. There are 
several overlapping clinical and cellular pheno-
types associated with recessive chromosomal 
breakage. More than 13 subtypes have been iden-
tified, and D1 and N subtypes have an increased 
association with WT.

Biallelic BRCA2 mutations cause Fanconi 
anemia subgroup D1 [37]. There is an associated 
risk of solid tumors and brain tumors in these 
patients. About 40% may have an associated WT.

5.7.4  Other Syndromes

Li-Fraumeni syndrome, Mulibrey nanism, and 
hereditary hyperparathyroidism-jaw tumor syn-
drome are other conditions with low penetrance. 
These are associated with less than 5% of WTs in 
these patients [38–40].

5.8  Constitutional Chromosomal 
Disorders

Trisomy 18 (Edwards syndrome), trisomy 13 
(Patau syndrome), and 2q37 deletion are other 
constitutional chromosomal disorders with pre-

ponderance for WT. Trisomy 18 and 13 are asso-
ciated with early death in the neonatal period and 
infancy. Given the early mortality in both of these 
conditions, there will be a significant increase in 
association with WT in survivors.

5.9  Conditions with Uncertain 
Association with WT

There is a significantly large number of condi-
tions associated with WT, where the increased 
risk of tumor is at best implausible. Various con-
genital abnormalities and syndromes such as 
Down syndrome, Marfan syndrome, tuberous 
sclerosis, and Turner syndrome have reported 
WT. There is little evidence to link these geneti-
cally [41].

Clinically relevant conditions like horseshoe 
kidney and multicystic dysplastic kidney have no 
or very little risk of developing WT. [42] Cardiac 
defects have an unknown risk association of 
developing WT, which remains most likely 
minuscule [43]. Cervical ribs are also reported to 
associate with WT; however, data from a case- 
control study suggests otherwise [44].

5.10  Evaluation and Surveillance 
in Predisposed Children

5.10.1  Evaluation

Evaluation of the predisposed child should begin 
with a detailed history and a detailed physical 
examination. Most syndromes will have charac-
teristic clinical markers, which aid in narrowing 
down the syndromic associations. Adequate time 
must be spent on a family history to look for 
clues of genetic penetrance and aberrations in the 
family. Radiological features specific to condi-
tions like nephrogenic rests must be taken into 
consideration while deciding the management 
algorithm in these patients.

Genetic testing even though not easily avail-
able in the developing world must be sought to 
narrow down the mutations and aberration. This 
may aid in emphatically diagnosing specific syn-
dromes associated with WT.
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5.10.2  Molecular Genetic Testing

Individuals who have physical, radiological, and 
histological features suggestive of a predisposi-
tion should undergo genetic testing. Any WT in a 
family member should be taken seriously, and 
genetic testing is recommended. A geneticist 
should be an integral part of the multidisciplinary 
team deciding the management strategies.

Molecular genetic testing includes various gene 
analyses like single-gene testing, gene- targeted 
deletion/duplication analysis,  methylation studies, 
use of a multigene panel, and chromosomal micro-
array. Clinical features should guide the selection 
of test.

5.10.3  Surveillance

There are various strategies for surveillance; 
however, the efficacy of these is not well estab-
lished. Surveillance of predisposed individuals is 
recommended even though it may not lead to a 
significant decrease in the mortality of WT. The 
basic premise of surveillance is to have early 
detection of WT so as to reduce the intensity of 
various adjuvant therapies.

Both in the United Kingdom and in the 
European Union, surveillance is offered to patients 
at a >5% risk of WT. Renal ultrasound is by far the 
easiest and commonest tool applied for screening. 
As WT can be a rapidly growing disease, an ultra-
sound abdomen is recommended to be performed 
every 3–4 months [45]. Screening should begin as 
soon as a syndrome is thought of and should cover 
the age range so as to cover at least up to 95% of 
tumors for the associated syndrome.

For the WT1-associated syndromes, Fanconi 
anemia types D1 and N, mosaic variegated aneu-
ploidy, and Perlman syndrome, virtually all 
tumors occur before 5 years, and thus surveil-
lance may be stopped after this age is achieved. 
For children with Simpson-Golabi-Behmel syn-
drome, familial WT families, and similar geno-
typic defects like 11p15, the tumors may occur 
even beyond 5 years. It is recommended to keep 
these individuals for 7–10 years of follow-up.

5.11  Surgical and Medical 
Management in Syndromic 
Patient

5.11.1  Oncological Management

Mutations in WT1 and associated genes influence 
the surgical and oncological treatment of patients. 
Chemotherapy regimens must be tailored to the 
renal function and the weight of the individual 
patient. There is a significantly high risk of 
chronic kidney disease (CKD) in syndromes 
associated with WT1 mutation. This can reach up 
to 80% for Denys-Drash and 50% for WAGR 
syndrome [46]. This future progression to ESRD 
with nephropathies must be kept in mind by the 
oncologist when deciding the types and dosages 
of chemotherapeutic drugs.

Perioperative management needs to be looked 
at carefully in the setting of conditions like 
hypertension and proteinuria, which may predis-
pose to thrombotic events.

5.11.2  Nephron-Sparing Surgery 
(NSS) in Syndromic WT

It is believed that NSS is the logical step in man-
aging syndromic patients of WT. This approach 
helps clinicians prevent or delay the development 
of chronic kidney disease, which can occur due to 
intrinsic renal dysfunction (associated with WT1 
syndromes) or cumulative insults like hyperten-
sion, hyperfiltration, etc. that suffered over a long 
time.

A substantial number of patients with DDS 
and FS, tend to progress to ESRD as mentioned 
earlier. NSS is recommended in patients with 
bilateral tumors without ESRD to delay the onset 
of renal failure or the requirement of dialysis. 
Patients diagnosed with unilateral WT and have 
point mutations in exons 8-9/intron 9 are inher-
ently at higher risk of progressing to ESRD. There 
may be some merit in performing an NSS in 
these patients; however, some workers recom-
mend bilateral nephrectomy with a renal trans-
plant cohort [47].
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Patients with DDS who develop ESRD after 
undergoing NSS for WT should be counseled to 
undergo total nephrectomy before renal trans-
plantation in order to prevent recurrences under 
immunosuppressive therapy. It is recommended 
to have an interval of about two years for renal 
transplantation after completing the treatment for 
WT.

It is imperative to strike a fine balance between 
conservative treatment, NSS, nephrectomy, and 
oncological safety in these patients.

5.12  Future Directions

There have been considerable advances in the 
molecular and genetic diagnosis of WT and asso-
ciated syndromes over the past few decades. In 
spite of these advancements, several new genes 
and high penetrance alleles need to be identified 
and remain to be identified. Newer technology 
like next-generation sequencing may aid in 
detecting further genotypes and even low pene-
trance alleles.

Identifying newer therapeutics, especially in 
poor prognostic subgroups, is the need of the 
hour. Targeting epigenetic modifiers and the 
advent of promising monoclonal antibodies 
remains to be assessed for the management of 
WT in the future.

Children with syndromic WT carry a huge 
burden of disease in terms of cancer predisposi-
tion, renal failure, gonadal deficiency, and infer-
tility. As the clinical and genetic associations are 
better established, experts may be able to offer 
prime quality and individually customized care 
to these patients with syndromic WT in the 
future.
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