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Clinical Characteristics and Outcomes of Children With WAGR 
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BACKGROUND: WAGR syndrome (Wilms tumor, aniridia, genitourinary anomalies, and range of developmental delays) is a rare con-

tiguous gene deletion syndrome with a 45% to 60% risk of developing Wilms tumor (WT). Currently, surveillance and treatment recom-

mendations are based on limited evidence. METHODS: Clinical characteristics, treatments, and outcomes were analyzed for patients 

with WAGR and WT/nephroblastomatosis who were identified through International Society of Pediatric Oncology Renal Tumor Study 

Group (SIOP-RTSG) registries and the SIOP-RTSG network (1989-2019). Events were defined as relapse, metachronous tumors, or death. 

RESULTS: Forty-three patients were identified. The median age at WT/nephroblastomatosis diagnosis was 22 months (range, 6-44 

months). The overall stage was available for 40 patients, including 15 (37.5%) with bilateral disease and none with metastatic disease. 

Histology was available for 42 patients; 6 nephroblastomatosis without further WT and 36 WT, including 19 stromal WT (52.8%), 12 

mixed WT (33.3%), 1 regressive WT (2.8%) and 2 other/indeterminable WT (5.6%). Blastemal type WT occurred in 2 patients (5.6%) after 

prolonged treatment for nephroblastomatosis; anaplasia was not reported. Nephrogenic rests were present in 78.9%. Among patients 

with WT, the 5-year event-free survival rate was 84.3% (95% confidence interval, 72.4%-98.1%), and the overall survival rate was 91.2% 

(95% confidence interval, 82.1%-100%). Events (n = 6) did not include relapse, but contralateral tumor development (n = 3) occurred up 

to 7 years after the initial diagnosis, and 3 deaths were related to hepatotoxicity (n = 2) and obstructive ileus (n = 1). CONCLUSIONS: 

Patients with WAGR have a high rate of bilateral disease and no metastatic or anaplastic tumors. Although they can be treated according 

to existing WT protocols, intensive monitoring of toxicity and surveillance of the remaining kidney(s) are advised. Cancer 2021;127:628-

638. © 2020 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society This is an open access article 

under the terms of the Creative Commons Attribution NonCommercial License, which permits use, distribution and reproduction in any 

medium, provided the original work is properly cited and is not used for commercial purposes. 

LAY SUMMARY: 

• WAGR syndrome (Wilms tumor, aniridia, genitourinary anomalies, and range of developmental delays) is a rare genetic condition with 

an increased risk of developing Wilms tumor.

• In this study, 43 patients with WAGR and Wilms tumor (or Wilms tumor precursor lesions/nephroblastomatosis) were identified 

through the international registry of the International Society of Pediatric Oncology Renal Tumor Study Group (SIOP-RTSG) and the 

SIOP-RTSG network. In many patients (37.5%), both kidneys were affected. Disease spread to other organs (metastases) did not occur.

• Overall, this study demonstrates that patients with WAGR syndrome and Wilms tumor can be treated according to existing protocols. 

However, intensive monitoring of treatment complications and surveillance of the remaining kidney(s) are advised. 

KEYWORDS: aniridia, pediatric, predisposition, surveillance, treatment, WAGR syndrome (Wilms tumor, aniridia, genitourinary anomalies, 

and range of developmental delays), Wilms tumor.
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INTRODUCTION
WAGR syndrome (Wilms tumor, aniridia, genitouri-
nary anomalies, and range of developmental delays) is 
caused by a rare contiguous germline gene deletion in-
volving chromosome band 11p13. Children with WAGR 
syndrome have a 45% to 60% risk of developing Wilms 
tumor (WT).1-3 Currently, surveillance and treatment 
recommendations for children with WAGR syndrome are 
based on limited evidence.

Historically, WAGR syndrome has played an im-
portant role in our understanding of WT genetics; it 
contributed to the identification of WT1, the first WT pre-
disposition gene to be identified, in 1990.4-9 The genetic 
diagnosis of WAGR syndrome requires the involvement 
of both WT1 and the aniridia gene PAX6 in the deletion, 
whereas patients with isolated PAX6 deletions are not at 
risk of developing WT.3 The size of the deletion as well as 
the phenotype of patients with WAGR syndrome can vary 
widely, and they only partially depend on whether or not 
additional genes such as BDNF are involved.10

One previous report, based on North American 
National Wilms Tumor Studies (NWTSs) 1 to 5, de-
scribed the tumor characteristics, treatments, and 
outcomes of a cohort of patients with WAGR who de-
veloped WT and were treated according to consecutive 
NWTS protocols without preoperative chemotherapy.2 
However, the characteristics and outcomes of patients 
with WAGR and WT registered for the International 
Society of Pediatric Oncology Renal Tumor Study 
Group (SIOP-RTSG) protocols, according to which 
preoperative chemotherapy is administered, have never 
been described. Currently, also in North American 
treatment protocols (Children’s Oncology Group), pre-
operative chemotherapy is recommended for children 
with a genetic predisposition.11 Here, we report the 
clinical and tumor characteristics and outcomes of pa-
tients with WAGR syndrome who developed WT and/
or nephroblastomatosis and were identified through the 
2 last SIOP-RTSG protocol registries and the SIOP-
RTSG network in order to support surveillance and 
treatment recommendations.

MATERIALS AND METHODS

Patients
In the SIOP-RTSG studies (International Society of 
Pediatric Oncology [SIOP] 93-0112 and SIOP 200113), 
patients were prospectively registered from 1993 on-
ward, in some countries up to and including 2019. 
These studies were not designed to register tumor 

predisposition syndromes, but the presence or absence 
of aniridia was recorded. The SIOP-RTSG steering 
committee approved the research proposal for the cur-
rent analysis, and we retrospectively identified all pa-
tients with aniridia in the SIOP 93-01 and SIOP 2001 
databases. Patients diagnosed before 2007 may have 
been previously reported by Van Heyningen et al,3 but 
because this study did not describe WT characteristics 
or outcomes, we did not exclude patients with possible 
overlap.

By using SIOP study IDs, national and/or local 
principal investigators (PIs) were requested to confirm 
the diagnosis of WAGR and to complete missing data. 
Patients for whom the diagnosis of WAGR could not 
be confirmed were excluded from the analysis, whereas 
additional patients with WAGR and WT, identified by 
national and/or local PIs, were added to the series. They 
included 10 patients who were not in the central SIOP 
databases but were registered locally and 3 patients who 
were registered on prior or subsequent SIOP protocols 
(SIOP 914 and SIOP-RTSG UMBRELLA15).

For SIOP protocols, ethical approval was obtained 
from ethics committees of all participating countries, and 
written informed consent for participation was obtained 
from the parents or legal representatives of the patients. 
For those patients not registered in the central databases, 
national and/or local PIs confirmed that informed con-
sent was obtained.

Additional Data Collection
National and/or local PIs were requested to complete an 
additional data collection form for each patient (see the 
supporting information) to obtain clinical information 
on various items, including the type of genetic testing, 
age at diagnosis of WAGR syndrome, presentation and 
symptoms of WT (symptomatic vs asymptomatic), birth 
weight, congenital abnormalities, cognitive impairment, 
chronic kidney disease status, and other clinical findings. 
Chronic kidney disease was defined as a decreased esti-
mated glomerular filtration rate (eGFR; not further speci-
fied) and/or proteinuria 2+, at least on dipstick testing. 
End-stage renal disease was defined as “requiring dialysis 
and/or kidney transplantation.”

Stage and Histology
Stage and histology were classified according to the 
SIOP-RTSG staging system and histological classifi-
cations.16,17 Bilateral disease was defined as synchro-
nous bilateral WT, bilateral nephroblastomatosis, or 
WT with contralateral nephroblastomatosis. For the 
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analysis of the overall stage at diagnosis, patients with 
metachronous tumors were considered unilateral if they 
had unilateral disease at their initial diagnosis. A local 
(abdominal) stage could be assigned only to patients 
with a diagnosis of WT. Nephroblastomatosis was de-
fined as the presence of multiple or diffuse nephrogenic 
rests visible on imaging studies and, where possible, 
confirmed histologically. In the current SIOP-RTSG 
histological classification, histological subtypes are as-
signed after preoperative chemotherapy and include 
completely necrotic WT (low risk); stromal, epithelial, 
mixed, or regressive WT and WT with focal anaplasia 
(intermediate risk); and diffuse anaplastic or blastemal-
type WT (high risk). For the majority of tumors regis-
tered in SIOP-RTSG studies, a central pathology review 
was performed by national and/or regional pathology 
panels as well as the international SIOP-RTSG pathol-
ogy panel.18 For the current analysis, the reviewed his-
tological diagnosis was used if available.

Statistical Methods
Frequency distributions for age at diagnosis and tumor 
volume were analyzed nonparametrically. Event-free 
survival and overall survival analysis was performed 
with the Kaplan-Meier method. Patients diagnosed 
with nephroblastomatosis without further WT were ex-
cluded from the survival analysis, whereas patients who 
were initially diagnosed with nephroblastomatosis but 
went on to develop WT were included. The survival 

time was defined as the time from the diagnosis of WT 
to an event or last follow-up. Events were defined as 
relapse, the development of metachronous tumors, or 
death.

RESULTS
In the SIOP 93-01 and SIOP 2001 databases, aniridia 
was recorded in 47 of 7842 patients with WT (0.6%). 
After further exploration, the diagnosis of WAGR could 
not be confirmed in 17 of the 47 patients, and they 
were, therefore, excluded: 12 did not have aniridia 
(they had been misclassified), and for the remaining 5 
patients, we received no response from national/local 
PIs. Thirteen additional cases with WAGR and WT 
that were identified by national/local PIs but appar-
ently were not registered in the central SIOP 93-01 and 
SIOP 2001 databases were subsequently added to this 
study (Fig. 1). Overall, a total of 43 patients (18 pheno-
typic males and 25 phenotypic females) were included 
(Table 1). Patients had been treated according to the 
SIOP 93-01 protocol (n = 8 [18.6%]), the SIOP 2001 
protocol (n = 31 [72.1%]), the SIOP 9 protocol (n = 2 
[4.7%]), or the SIOP-RTSG UMBRELLA protocol (n 
= 1 [2.3%]). The treatment protocol was not specified 
for 1 patient (2.3%).

WAGR Diagnosis
For 38 of the 43 patients, the diagnosis of WAGR had 
been established by genetic testing, whereas the other 5 

Figure 1. Inclusion of patients with WAGR syndrome and Wilms tumor/nephroblastomatosis based on aniridia registration in the 
SIOP 93-01 and SIOP 2001 registries. PI indicates principal investigator; SIOP, International Society of Pediatric Oncology; SIOP-
RTSG, International Society of Pediatric Oncology Renal Tumor Study Group; WAGR, Wilms tumor, aniridia, genitourinary anomalies, 
and range of developmental delays.

‘Aniridia’ in SIOP registries:
SIOP 93-01: n=9
SIOP 2001: n=38

n=47

Additional cases with confirmed 
WAGR diagnosis identified by 

national or local PIs:
n=13

Treated according to:
SIOP 2001: n=9

SIOP 9: n=2
SIOP-RTSG UMBRELLA: n=1

Other:n=1

WAGR diagnosis not confirmed by 
national PIs and/or local centers:

n=17
Misregistered: n=12

No response: n=5

WAGR diagnosis confirmed:
n=43
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patients had been diagnosed with WAGR on the basis of 
their clinical characteristics alone. Details on the type of 
genetic testing were available for 16 cases, and the tests 
included fluorescence in situ hybridization (n = 10), array 
comparative genomic hybridization (n = 2), karyotyping 
(n = 2), a single-nucleotide polymorphism array (n = 1), 
and quantitative polymerase chain reaction (n = 1). The 
exact span of the deletion was available for only 5 cases 
and ranged from 5 to 14 Mb in size. In 1 case, the dele-
tion was mosaic (patient 33 in Table 1). The median age 
at the diagnosis of WAGR syndrome, available for 19 pa-
tients, was 2 months (range, 0-47 months).

Presentation, Stage, and Preoperative Treatment
The median age at WT/nephroblastomatosis presentation 
was 22 months (range, 6-44 months). The majority of the 
tumors were asymptomatic and were detected by surveil-
lance (27 of 39 [69.2%]), whereas 12 patients (12 of 39 
[30.8%]) presented with a palpable/visible abdominal 
mass and/or other symptoms such as hematuria. Among 
these 12 patients, 3 had been previously diagnosed with 
WAGR syndrome, and 2 had not yet been diagnosed with 
WAGR syndrome; for 7 patients, this information was 
not available. In 4 cases, the presence or absence of symp-
toms was not specified.

The overall stage was available for 40 patients. Fifteen 
patients (15 of 40 [37.5%]) had bilateral disease at diagno-
sis. This included bilateral nephroblastomatosis (n = 5; 3 
progressed to WT on 1 or both sides), unilateral WT with 
contralateral nephroblastomatosis (n = 5), and bilateral 
WT (n = 2); in 3 patients with bilateral disease, it was not 
known whether they had bilateral WT or (a combination 
of WT and) nephroblastomatosis. None of the patients had 
metastatic disease. The local (abdominal) stage was avail-
able for 31 patients and included stage I for 21 (67.7%), 
stage II for 6 (19.4%), and stage III for 4 (12.9%).

Information regarding preoperative treatment (yes/
no) was available for 42 patients; 39 of these patients 
(92.9%) received preoperative chemotherapy, including 
actinomycin D and vincristine in 30 cases and doxoru-
bicin in 2 cases. The type of preoperative treatment was 
not available for the other 7 patients. The median dura-
tion of preoperative treatment was 8 weeks for bilateral 
cases (range, 4-26 weeks; missing in 5 cases) and 4 weeks 
for unilateral cases (range, 4-6 weeks; missing in 8 cases).

Tumor Volume and Response to 
Preoperative Treatment
The median tumor volume at diagnosis, available for 
36 patients, was 46.5 mL (range, 1-659 mL). Three 

patients presented with tumors larger than 500 mL, 
and all of these patients had been symptomatic at di-
agnosis. Tumors that were symptomatic at diagnosis 
had a median volume of 375 mL (range, 4.2-659 mL), 
whereas tumors detected by surveillance had a median 
volume of 18 mL (range, 1-396 mL; P = .001). For 
28 patients, the response to preoperative chemotherapy 
was recorded; 14 patients showed a decrease in tumor 
volume (14 of 28 [50%]), 2 patients revealed a stable 
tumor volume (2 of 28 [7.1%]), and 12 patients re-
vealed tumor growth (12 of 28 [42.9%]) during preop-
erative treatment. The histological subtype of tumors 
that increased in volume during preoperative treatment 
was the stromal type (n = 6), the mixed type (n = 2), or 
nephroblastomatosis (n = 4).

Surgery
Two patients with bilateral disease died of hepatic failure 
before surgery (patients 6 and 23 in Table 1). Among the 
other 13 patients with bilateral disease, 11 (85%) under-
went nephron-sparing surgery (NSS), including bilateral 
NSS (n = 4), unilateral NSS (no surgery on the other side; 
n = 2), and NSS preceded or followed by total nephrec-
tomy on the contralateral side (n = 5). In 2 patients with 
bilateral disease, only a unilateral total nephrectomy was 
performed (patients 32 and 42 in Table 1). The type of 
surgery was specified for 21 patients with unilateral disease: 
NSS for 5 (23.8%) and total nephrectomy for 16 (76.2%).

Histological Subtype and Nephrogenic Rests
The histological subtype was available for 42 patients 
(with central review available for 32 of 42 [76.2%]). Six 
patients (6 of 42 [14.3%]) were diagnosed with nephro-
blastomatosis only. This was histologically confirmed in 5 
patients; 1 patient with bilateral disease underwent uni-
lateral resection (showing nephroblastomatosis), whereas 
the other kidney was diagnosed with nephroblastomatosis 
on the basis of imaging (patient 13 in Table 1). Three pa-
tients who were initially diagnosed with bilateral nephro-
blastomatosis on imaging experienced disease progression 
and were diagnosed with WT after histological assessment 
(11-13 months after their first presentation; patients 4, 
37, and 41 in Table 1).

Among patients with WT, the histological subtypes 
(n=36) included stromal WT in 19 (52.8%), mixed WT 
in 12 (33.3%), regressive WT in 1 (2.8%) and other/ 
indeterminable WT in 2 (5.6%). Blastemal-type WT  
occurred in 2 patients (5.6%) after prolonged treat-
ment for nephroblastomatosis, whereas (focal or diffuse)  
anaplasia was not reported.
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Upon histological assessment, nephroblastomatosis 
or nephrogenic rests were present in 30 of 38 patients 
(78.9%), including patients with intralobar (n = 20), per-
ilobar (n = 1), or both intralobar and perilobar rests (n = 
2). For the remaining 7 patients, the type of nephrogenic 
rests (intra- or perilobar) was not specified.

Survival and Events
Six patients with nephroblastomatosis only, without fur-
ther (progression to) WT, were excluded from the sur-
vival analysis. Among these patients, 1 death (cause not 
specified) occurred after 9 months, and 1 serious adverse 
event (not further specified) occurred after 141 months 
of follow-up.

Survival data were subsequently available for 37 pa-
tients with WT (including 1 patient without a histologi-
cal diagnosis because the patient died before surgery) with 
a median follow-up of 95 months (range, 0-189 months). 
The estimated 5-year event-free survival rate was 84.3% 
(95% confidence interval, 72.4%-98.1%; Fig. 2), and the 
overall survival rate was 91.2% (95% confidence interval, 

82.1%-100%; Fig. 3). Events occurred in 6 patients, in-
cluding 3 patients (patients 2, 7, and 41 in Table 1) who 
developed metachronous contralateral tumors. All 3 pa-
tients had been treated for stromal-type WT, and the con-
tralateral tumors occurred 1, 7, and 3 years after the first 
tumor at the ages of 3, 9, and 5 years, respectively. These 
3 patients were alive at last follow-up.

Among patients with WT, 3 deaths occurred, includ-
ing the deaths of 2 patients who died of hepatoxicity as a re-
sult of sinusoidal obstruction syndrome during preoperative 
chemotherapy (patients 6 and 23 in Table 1). In 1 of these 
patients, an incorrect dose (overdose) of actinomycin D 
had been administered (patient 23). The third patient died 
19 months after diagnosis, and at this same date, obstruc-
tive ileus was registered as an event (patient 25 in Table 1). 
Because this patient was treated more than 20 years ago, we 
were unable to confirm the exact cause of death.

Chronic Kidney Disease
Data on chronic kidney disease were collected on the 
additional data collection form (see the supporting 

Figure 2. Kaplan-Meier curve showing estimated event-free survival and 95% confidence intervals for patients with WAGR syndrome 
and Wilms tumor (n = 37). WAGR indicates Wilms tumor, aniridia, genitourinary anomalies, and range of developmental delays.
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information) and were subsequently available for 20 pa-
tients. In 5 of these 20 patients (25%), a decreased eGFR, 
proteinuria (2+), or both were reported, with the age of 
onset varying from 3 to 16 years (time to onset, 2-13 
years after WT diagnosis). One of these patients had been 
treated for bilateral disease, whereas the other 4 patients 
had been treated for unilateral WT (unilateral nephrec-
tomy in 3 cases and the surgery type not specified in the 
fourth case). One patient, treated for unilateral WT, was 
reported to have end-stage renal disease at the age of 16 
years (patient 9 in Table 1).

Additional Clinical Conditions
The additional data collection form (see the supporting 
information) was completed for 30 of the 43 patients, 
and for many items, the requested data could not be re-
trieved. Birth weight was available for 15 patients, and 
3 of these patients (20%) were reported to have a birth 
weight below the 10th percentile for gestational age; the 
remaining 12 patients had a birth weight within the nor-
mal range. Congenital abnormalities other than aniridia, 
including ocular and genitourinary abnormalities as well 

as polydactyly (n = 2), macrocephaly (n = 1), Pierre-
Robin sequence (n = 1), and atrial septal defects (n = 2), 
were reported in 13 patients (Table 2).

Cognitive impairment was reported in 18 of 22 pa-
tients (81.8%) with available data. The 4 patients who 
were reported to have normal cognitive function were 2 
to 16 years old at the last follow-up. Additional clinical 
findings are summarized in Table 2. Other tumors such as 
gonadoblastoma were not reported.

DISCUSSION
We identified 43 patients with confirmed WAGR syn-
drome and WT/nephroblastomatosis in the SIOP-
RTSG database and through their identification by 
national and/or local PIs within the SIOP-RTSG 
network.

Overall, we demonstrated a high rate of bilateral 
disease (37.5%, including patients with bilateral or 
contralateral nephroblastomatosis, vs 6%-7% in general 
cohorts19,20) and no anaplastic tumors. Blastemal-type 
WT, which is considered high-risk after preoperative 

Figure 3. Kaplan-Meier curve showing estimated overall survival and 95% confidence intervals for patients with WAGR syndrome 
and Wilms tumor (n = 37). WAGR indicates Wilms tumor, aniridia, genitourinary anomalies, and range of developmental delays.
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chemotherapy, was observed in only 2 patients after pro-
longed treatment for nephroblastomatosis. Metastatic 
disease was not observed in the current study; this was 
similar to the findings described by Breslow et al in 
2003.2

Event-free and overall survival rates at 5 years 
after diagnosis appear to be similar to those described 
for nonsyndromic WT19,20 except that relapses did not 
occur and mortality was exclusively due to non–tu-
mor-related causes. Because of the long-term morbidity 
and mortality associated with the underlying syndrome, 
Breslow et al2 reported that 20-year overall survival was 
only 47.8% for patients with WAGR versus 85.5% for 
non-WAGR patients, but our follow-up data were in-
sufficient to confirm this. Longer follow-up data are 

also needed to reliably establish the risk of chronic kid-
ney disease, which was reported in only 5 of 20 pa-
tients with available data in the current study but has 
previously been estimated to occur in 50% to 60% of 
patients with WAGR.1,2 Our study was further limited 
by the fact that our data collection form did not specify 
the level of creatinine/eGFR changes required for the 
definition of chronic kidney disease.

Although 2 deaths were related to hepatic failure 
in our cohort of 42 patients, we are not aware of other 
studies reporting hepatotoxicity in patients with WAGR. 
Considering the fact that in 1 of the patients hepatic fail-
ure was related to an overdose of actinomycin D, we are 
uncertain about any potential association with the under-
lying WT1 defect. In addition to kidneys and other or-
gans, WT1 protein is expressed in the developing liver.21 
If future studies report additional patients with WT1 
aberrations and hepatotoxicity, this may warrant further 
investigation.

The difference in volume between tumors detected 
by surveillance and those that were symptomatic illus-
trates the benefit of surveillance, which enables a high 
rate of NSS even for unilateral cases (23.8%). Currently, 
different groups offer different WT surveillance recom-
mendations in which surveillance is continued until the 
age of 5,22 6,1 7,23 or 8 years.24 On the basis of the current 
study, we would recommend that surveillance for WT be 
continued until the age of 5 years, at which 100% of the 
initial tumors were diagnosed. Notably, only approxi-
mately 90% were diagnosed before this age in the NWTS 
cohort.2,25 Breslow et al2 did not specify whether patients 
diagnosed at older ages had previously been under sur-
veillance, and we hypothesize that they may have had 
nephroblastomatosis before their WT diagnosis.

For patients in whom WT or nephroblastomato-
sis has been previously diagnosed, an extended surveil-
lance of the (remaining) kidney(s) may be warranted. We 
observed the occurrence of contralateral tumors up to 
7 years after the initial diagnosis, with the latest occur-
rence at the age of 9 years; this suggests that nephrogenic 
rests in patients with WAGR carry a long-lasting risk of 
progression to WT. It would be very useful to develop 
treatment modalities that can prevent this malignant 
transformation. A drug that has been suggested to in-
duce differentiation of nephrogenic rests is retinoic acid 
(a metabolite of vitamin A), but clinical studies are lim-
ited to case reports.26,27 In addition, metformin has been 
speculated to induce cell differentiation by inhibiting the 
mTOR pathway.28 Although its potential role in cancer 
prevention is being studied in several adult populations, it 

TABLE 2. Additional Findings in Patients With 
WAGR Syndrome and Wilms Tumor and/
or Nephroblastomatosis as Reported on the 
Additional Data Collection Form (n = 30)

Category Finding
No. of 

Occurrences

Ocular findings other than 
aniridia

Cataracts 10
Peters anomaly 2
Nystagmus 5
Ocular hypotonia 1
Retinal detachment 2

Genitourinary findings Cryptorchidism 5
Hypospadias 2
Renal cysts 1
Ovarian cysts 1
Renal tissue 

disorganization
1

Ureteric reflux 1
Horseshoe kidney 1

Neurological findings Hypotonia 1
Hypertonia 1
Epilepsy 1

Metabolic findings Obesity 4
Hypothyroidism 1
Insulin resistance 1

Pulmonary findings Lung hypoplasia 1
Behavioral findings Attention deficit (hyperac-

tivity) disorder
4

Aggression 1
Autism (spectrum) 3
Sleep disturbances 1

Musculoskeletal findings Osteochondroma 1
Other Hypertrophic pyloric 

stenosis
1

Mild pulmonary artery 
stenosis

1

Polydactyly 2
Macrocephaly 1
Pierre-Robin sequence 1
Atrial septal defects 2

Abbreviation: WAGR, Wilms tumor, aniridia, genitourinary anomalies, and 
range of developmental delays.
Note that each item was completed for only a subset of these patients, and 
for other patients, it was unclear whether the condition was absent or the 
requested data could not be retrieved.
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has not been assessed in the context of nephrogenic rests 
and/or WT predisposition.

In patients with a genetic predisposition such as 
WAGR syndrome, preoperative chemotherapy is rel-
evant to facilitate NSS.11 However, we observed a high 
rate of progressive or nonresponsive tumors, which were 
frequently of the stromal subtype, as has been previously 
reported.29 For patients suspected of bilateral nephroblas-
tomatosis, it is challenging to decide whether or not, and 
at which time point, surgery should be performed, with 
the risks of disease progression being balanced against a 
loss of renal function. It has been suggested that a long 
period of pretreatment for bilateral nephroblastomatosis 
increases the risk of anaplastic WT and mortality,30 but 
this was not observed in patients with WAGR syndrome. 
Although the risk of progression of (bilateral) nephroblas-
tomatosis to WT appears to be high (3 of 5 patients), 
all 3 patients who experienced progression were alive and 
disease-free at last follow-up (1-10 years after progression 
had occurred).

Gonadoblastoma, which has been occasionally re-
ported in patients with WAGR syndrome,1 was not re-
ported in the current study, and the risk of developing 
gonadoblastoma appears to be lower with WAGR syn-
drome versus germline WT1 mutations, particularly in 
comparison with Frasier syndrome (intron 9 mutations), 
in which complete sex reversal (XY females) and go-
nadoblastoma are common.31

Our study was limited by its retrospective design. 
The inclusion of 13 additional patients who were not reg-
istered in the central SIOP database may have introduced 
a bias; the exclusion of 5 patients for whom we were un-
able to get in contact with national/local PIs may have 
as well (notably, none of these 5 patients had metastatic 
or anaplastic disease, and all were alive and disease-free 
at last follow-up). For the collection of additional data, 
physicians had to rely on medical chart notes of patients 
who had been treated many years ago. A more complete 
picture of the phenotypic spectrum of WAGR syndrome 
can be achieved by involving parents, as has been previ-
ously shown,1 and by recording both genetic and clinical 
features in prospective WT registries such as the SIOP-
RTSG UMBRELLA study, which is currently ongoing.

In conclusion, we confirm a lack of metastatic and 
anaplastic tumors and observe that patients with WAGR 
syndrome who develop WT and/or nephroblastomatosis 
can be successfully treated with current WT protocols. 
Our results illustrate the value of surveillance for enabling 
NSS and support the recommendation to continue sur-
veillance until the age of 5 years, which can be further 

extended for patients with a prior diagnosis of WT/
nephroblastomatosis. Because of the high rate of bilateral 
disease and the risk of contralateral tumor development 
and comorbidity, patients with WAGR syndrome need to 
be treated by multidisciplinary, expert teams.
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