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ABSTRACT

The NCCNGuidelines for Wilms Tumor focus on the screening, diag-
nosis, staging, treatment, and management of Wilms tumor (WT,
alsoknownasnephroblastoma).WT is themost commonprimary renal
tumor in children. Five-year survival is more than 90% for children with
all stages of favorable histology WT who receive appropriate treat-
ment. All patients with WT should be managed by a multidisciplinary
teamwith experience inmanaging renal tumors; consulting apediatric
oncologist is strongly encouraged. Treatment ofWT includes surgery,
neoadjuvant or adjuvant chemotherapy, and radiation therapy (RT) if
needed. Careful use of available therapies is necessary to maximize
cure and minimize long-term toxicities. This article discusses the
NCCNGuidelines recommendations for favorable histologyWT.
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NCCN CATEGORIES OF EVIDENCE AND CONSENSUS

Category 1: Based upon high-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.

Category 2A: Based upon lower-level evidence, there is
uniform NCCN consensus that the intervention is appropriate.

Category 2B:Based upon lower-level evidence, there is NCCN
consensus that the intervention is appropriate.

Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.

All recommendations are category 2A unless otherwise
noted.

Clinical trials: NCCN believes that the best management of
any patient with cancer is in a clinical trial. Participation in
clinical trials is especially encouraged.

PLEASE NOTE

The NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) are a statement of evidence and consensus of the
authors regarding their views of currently accepted approaches
to treatment.Anyclinician seeking toapplyor consult theNCCN
Guidelines is expected to use independent medical judgment in
the context of individual clinical circumstances to determine any
patient’s careor treatment. TheNationalComprehensiveCancer
Network®(NCCN®)makesnorepresentationsorwarrantiesofany
kind regarding their content, use, or application anddisclaims any
responsibility for their application or use in anyway.

© National Comprehensive Cancer Network, Inc. 2021. All
rights reserved. The NCCN Guidelines and the illustrations
herein may not be reproduced in any form without the express
written permission of NCCN.
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Overview
Wilms tumor (WT, also known as nephroblastoma) is
the most common primary renal tumor in children. In
the United States, approximately 650 children are diag-
nosed with WT each year.1 WT accounts for more than
90% of primary renal tumors in patients younger than
20 years and for 5% of all childhood cancers. Most chil-
dren (75%) present with WT between 1 and 5 years of
age, most commonly at 3 years.1,2 The incidence of
WT is highest among African American children, fol-
lowed by Caucasian children, and then Asian chil-
dren.3–6 Five-year survival is more than 90% for
children with all stages of favorable histology WT
(FHWT) who receive appropriate treatment.7–10 How-
ever, survival remains poor for children with higher-
stage diffuse anaplastic WT.11,12 Most children present
with resectable disease in one kidney, and upfront uni-
lateral nephrectomy is recommended for most chil-
dren.9 These NCCN Guidelines for Wilms Tumor
(Nephroblastoma) were first published in 2021 and
only address FHWT at this time. These NCCN Guide-
lines will be updated at least once a year by the NCCN
Wilms Tumor Panel.

Clinical Presentation
There are 2 primary ways children can be diagnosed with
WT. Most children present with signs suggesting the pres-
ence of a renal condition, including abdominal swelling
and/or a suspicious mass (see “Presentation,” WILMS-1
in the algorithm). Many of these children are asymptom-
atic, and the abdominal mass is discovered by a caretaker
during routine activities such as bathing, or during exam-
inationbyapediatrician. Importantly, theabdominalmass
should not be vigorously or frequently palpated to avoid
rupturing the tumor. The other method of detection is
through planned radiologic screening for children who
have been identified as having a genetic predisposition
condition and/or congenital anomalies (see “Genetic Pre-
disposition Conditions,” page 947). Tumors discovered on
routine imaging are almost always small asymptomatic
lesions. Other rare presentations are found incidentally
at surgery for another cause (eg, trauma, appendicitis).

Most childrenpresentwitha solitary tumor inonekid-
ney. However, 5%–13% of children have bilateral tumors
and 10% have multifocal tumors in a single kidney. Most
patients presentwith abdominal swelling and/or presence
of an abdominal mass (83%) with or without abdominal
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pain (37%), fever (23%), hematuria (21%–25%), and
hypertension (20%–25%). Left-sided renal tumors can
be confused on clinical examination with splenomegaly,
and right-sided tumors with hepatomegaly. Less com-
mon symptoms include varicocele, hernia, enlarged tes-
ticle, congestive heart failure, hypoglycemia, Cushing
syndrome, pleural effusion, acute abdomen, and acute
rupture, bleeding, and shock. A healthy-appearing child
is more likely to haveWT, whereas an ill-appearing child
with an abdominal mass may have neuroblastoma.
Calcification of the tumor appears in approximately
5%–10% of WT, versus approximately 60%–70% of neu-
roblastomas. Almost 10% of patients with WT have coa-
gulopathy (acquired von Willebrand disease).13 WT can
extend locally to perirenal soft tissues, renal vein, and
vena cava. The most common sites of hematogenous
metastases include lung (81%), lung and liver (15%),
and other sites (4%); spread to regional lymph nodes
also occurs.14 However, WT rarely metastasizes to bone
and brain, unlike clear cell sarcomas or other kidney can-
cers. Extrarenal tumors are a rare but well-recognized
entity and usually are diagnosed by histology of a tumor
occurring outside the kidney.

Genetic Predisposition Conditions
Genetic conditions predisposing children to develop WT
maybe present in 10%–20% of cases.15,16 Congenital anom-
alies such as aniridia, genitourinary abnormalities, gigan-
tism, hemihyperplasia, macroglossia, or overgrowth may
suggest the presence of certain genetic predisposition syn-
dromes (see“SyndromesandCongenitalAnomaliesAssoci-
atedwithWilmsTumor,”WILMS-I, in thealgorithm).These
genetic predisposition syndromes include Denys-Drash
(associated with male pseudohermaphroditism, glomerul-
opathy), WAGR syndrome (WT, aniridia, genitourinary
abnormalities, range of developmental delay), Beckwith-
Wiedemann syndrome (associated with macroglossia,
hemihyperplasia, gigantism, umbilical hernia), and other
syndromes (see Syndromes and Congenital Anomalies
Associated with Wilms Tumor [pages 970–972 in the algo-
rithm]).15,17–35Genitourinarymalformations(cryptorchidism,
hypospadias, fused [horseshoe] kidneys) are found in 5% of
children with WT; hemihyperplasia appears in 2%–3%.36,37

Aniridia is present in 1% of children with WT.24,37,38

The most common germline variants involve WT1,
which codes a transcription factor that is essential for nor-
mal kidney/genitourinary function.15,24,36–43 WT1 is a gene
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located within 11p13 and is found in WAGR syndrome,
Denys-Drash syndrome, and Frasier syndrome, and is
associated with bilateral WT.WT2 is a gene located within
11p15 and results in overexpression of IGF2; it occurs in
Beckwith-Wiedemann syndrome.

Numerous somatic genetic variants are associated
with WT; the most common are CTNNB1, DROSHA,
WT1, WTX, WTX (AMER-1), DGCR8, SIX1, BCORL1,
MLLT1, MYCN, SIX2; TP53 is associated with anaplastic
WT. WT predisposition genes by exome sequencing
include REST, TRIM28, FBXW7, NYNRIN, KDM3B, XPO5,
CHEK2, and PALB2.44–46 Familial WT gene mutations
(FWT1/FWT2) are rare (1%–2% of WT) and are not associ-
ated with the WT1 mutation. For children with WT, their
siblingswill rarely getWT (,1%).FWT1 is on chromosome
17q; FWT2 is on chromosome 19q.28,47–49

Children with genetic predisposition syndromes
should receive routine screening forpossibledevelopment
of WT.16,50–53 The goal is to identify and treat the WT at an
early stagewhen the tumor is small andasymptomatic; this
may hopefully be accomplished by partial nephrectomy,
preservingrenal tissue. It is important tonote that thepres-
ence of a genetic predisposition syndrome does not mean
that a child will develop WT. The different genetic

syndromes are associated with various levels of risk for
WT. Children with Denys-Drash have approximately a
90% risk of developing WT; Perlman syndrome, approxi-
mately a 75% risk; and WAGR syndrome, approximately
a 50% risk. Approximately 10% of children with
Beckwith-Wiedemann syndrome will develop WT, but
the risk varies with the genetic alteration. Children with
Beckwith-Wiedemann syndrome who have germline
hypermethylation of 11p15 have the highest risk (24%) of
developing WT. Other syndromes with a greater than 1%
risk include Simpson-Golabi-Behmel at 5%–10%; Mosaic
Variegated Aneuploidy (BUB1B or TRIP13), .25%, and
Bohring-Opitz (ASXL1) at 7%. Germline testing should be
considered for children with physical findings consistent
with a predisposition condition.

The American Association for Cancer Research rec-
ommends screening in all children with a greater than
1% risk of developing WT.16 The NCCN Panel recom-
mends that screening include physical examination
and renal ultrasound every 3 months until children
are at least 8 years of age based on the available data
and clinical experience.16,51–53 Children who present
at a younger age are more likely to have multifocal/
bilateral disease than childrenwithout a predisposition
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syndrome and often have been identified as part of a
surveillance program.16,51

Diagnosis
The differential diagnosis for children with abdominal
swelling and/or a suspicious mass includes assessment
for WT, renal tumors other than WT, extrarenal tumors,
andbenign renal conditions (see “Principlesof Abdominal
MassEvaluation” [WILMS-A] in thealgorithm). Initial test-
ing recommended for children with a suspicious abdomi-
nal mass includes (1) history and physical examination,
including blood pressuremeasurement alongwith assess-
ment for genitourinarymalformations (ie, cryptorchidism,
hypospadias) and other congenital anomalies associated
with WT; (2) blood chemistry tests, including renal func-
tion, liver function, completebloodcount, andassessment
of coagulation; and (3) imaging, including abdominal
ultrasound and abdominal CT or MRI (see “Initial Eval-
uation” [WILMS-1] in the algorithm).

Abdominal ultrasound is typically the first imaging
modality used, because it is usually easily obtained, can
be performed without sedation, and can most often
quickly ascertain both the presence of a mass and organ
of origin.54,55 Abdominal CT or MRI is then often used to

evaluate the extent and involvement of the renal mass
identified on ultrasound.56,57 Additional CT imaging of
thepelvismaybe indicated if themassextends into thepel-
vis (see “Principles of Imaging” [WILMS-B] in the algo-
rithm). The goal of imaging is to differentiate tumors of
primary renal origin from extrarenal tumors and from
benign renal conditions; imaging will also determine
whether a child has unliteral or bilateral kidney disease
and whethermetastatic disease is present (see “Principles
of Imaging” [WILMS-B] in the algorithm). It is also impor-
tant to assess for ascites, which may raise concern for
tumor rupture.

If a diagnosis of WT or any malignant renal tumor is
suspected, assessment for metastatic disease should be
performed. Chest CT should be done to evaluate for pul-
monary nodules, which is themost common site of meta-
static disease. It is always preferable to perform a chest CT
unsedated, and before any other sedation, to avoid the
complication of atelectasis complicating the evaluation.
If the organ of origin of the abdominal mass is not clear,
thenadditional testing shouldbeconsidered, suchasurine
catecholamines, alpha-fetoprotein, or beta–human chori-
onicgonadotropin. Surgery is recommended formostchil-
drenwith suspectedunilateralWTatdiagnosis. Althougha
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clinical stage is determined before surgery, confirming the
diagnosis ofWTand complete staging occurs after surgery.
The surgical tissue is used for complete pathologic evalua-
tion, to assess histology, and to measure molecular
markers; this information is used to determine the most
appropriate postoperative treatment regimens.

Renal tumors other than WT include clear cell sar-
coma of the kidney, congenital mesoblastic nephroma,
renal cell carcinoma (including renal medullary carci-
noma), rhabdoid tumor of the kidney, renal sarcoma,
primitive neuroectodermal tumors, DICER1-associated
sarcoma,desmoplastic small roundcell tumors, renalneu-
roblastoma, and perivascular epithelioid cell tumors.
Other intrabdominal malignancies that would produce a
flankmass include Burkitt lymphoma, desmoplastic small
roundcell tumors ,Ewing sarcoma,extrarenalWT,hepato-
blastoma, neuroblastoma, rhabdomyosarcoma, malig-
nant germ cell tumors, or other rare malignancies.
Patientswithnephroblastomatosisareat risk forWTdevel-
opment and those with cystic nephroma are at risk for
transformation to renal sarcoma. Benign renal conditions
need to be ruled out, including adrenal hemorrhage,
angiomyolipoma, dysplastic kidney, hydronephrosis,
metanephric tumors (ie, adenoma, stromal tumor,

adenofibroma), multicystic kidney disease, polycystic kid-
ney disease, renal hemorrhage, and renal vein thrombosis.

Pathology
To avoid potential tumor spread from malignant tumors,
biopsy is not routinely recommended before upfront sur-
gery. If the patient has a resectable unilateral renal tumor
(outside the setting of known WT predisposition syn-
dromes), upfront nephrectomy is recommended when
feasible (see “Treatment of Unilateral Renal Tumor”
[WILMS-2] and “Principles of Biopsy” [WILMS-E] in the
algorithm). A biopsy to establish a pathologic diagnosis is
strongly recommended for children with a unilateral, ini-
tially unresectable renal tumor butwithout a predisposing
condition. For children with a biopsy showing FHWT,
molecular testing on diagnostic tissue is also required to
stratify therapy. Fine-needle aspiration is never recom-
mended. Either core needle biopsies guided by interven-
tional radiology or open biopsy can be considered.

Initiation of therapy without biopsy is the recom-
mended approach for the subset of patients younger
than 10 years with bilateral renal tumors, or patients with
known predisposition syndromes and unilateral or bilat-
eral renal tumors, because the likelihood of those tumors

NCCN GUIDELINES® Wilms Tumor (Nephroblastoma), Version 2.2021

950 © JNCCN—Journal of the National Comprehensive Cancer Network | Volume 19 Issue 8 | August 2021

http://www.jnccn.org/


representing WT is so high (and a secondary goal of ther-
apy is to spare renal parenchyma). However, biopsy is rec-
ommended to confirm the diagnosis of FHWT (or WT
without evidence of anaplasia) if a less than partial
response to neoadjuvant chemotherapy is determined at
week 6, especially if a biopsy was not performed at initial
presentation.

Information that can be obtained through biopsy is
limited. A diagnosis of FHWTobtainedonabiopsy implies
that focal or diffuse anaplasia is absent (see “Principles of
Pathology” [WILMS-C] in the algorithm). It is important
to know that anaplastic histology is often not identified
in patients who had core needle or open wedge resection
biopsy; however, anaplastic histology is identified when
using tissue specimens fromnephrectomy.58 As previously
mentioned, theseNCCNGuidelines only addressFHWTat
this time; anaplastic histology is less common.

Biopsies are also limited in distinguishing nephro-
genic rests fromWT. Nephrogenic rests are benign foci of
embryonal kidney cells; they are precursors ofWT. Hyper-
plastic nephrogenic rests are premalignant WT.39,59,60

Unless a rim of capsule or normal tissue is included in
the sample, a core or needle biopsy cannot distinguish
betweennephrogenic rests andWT. In patients with small

lesions suspicious for bilateral WT, it is difficult to distin-
guish nephrogenic rests from WT using imaging and per-
cutaneous biopsies; MRI may be useful in this setting.61

Staging
WTs are staged both locally (reflecting abdominal spread
of the tumor) and overall. Patients with any evidence of
metastatic disease (most commonly lungs and liver) seen
on imaging are staged as overall stage IV. Abdominal stag-
ing can be stage I (limited to renal parenchyma); stage II,
demonstrating invasion into renal pelvis or renal capsule;
or stage III (with tumor outside the capsule, remaining in
the abdomen, including finding of positive margins, con-
firmation of preoperative or intraoperative tumor spill or
rupture, positive lymph nodes, or tumor without upfront
resection; see “Children’s Oncology Group (COG) Staging
System ofWilms Tumor,” ST-1, available in this algorithm
atNCCN.org]. Staging is critical to overall risk stratification
and therapy assignment, for both chemotherapy and RT.

The stage of renal disease is determined mainly by
findings at surgery; imaging is useful but may overstage
or understage patients.54–56,62 InNorth America, the Child-
ren’sOncologyGroup (COG) staging system forWT is used
(see ST-1, in the algorithm at NCCN.org). Lymph node
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sampling is recommended in patients with resectable
tumors to accurately stage the tumor (see “Principles of
Surgery” [WILMS-D] in the algorithm).63 Local stage refers
to the staging of the primary tumor, regardless ofmetasta-
ses (eg, stage IV with local stage III) and is used to deter-
mine the need for flank RT or whole abdominal
irradiation (WAI) (see “Principles of Radiation Therapy
for FHWT” [WILMS-H] in the algorithm).62

Treatment Overview
Treatment of WT ranges from surgery only to intensive
chemotherapy, surgery, and RT, depending on whether
the WT is unilateral or bilateral, local stage, presence of
metastases, patient’s age, tumor weight, biologic risk fac-
tors,histology, andclinical responseto therapy. Amultidis-
ciplinary evaluation with surgeons, pediatric oncologists,
and radiation oncologists is recommended before treat-
ment. Surgery is recommended at some point for most
children with suspected WT, including those who are ini-
tiallyunresectable, or thosewithbilateralormetastaticdis-
ease. Risk assessment is done to determine the need for
and typeof adjuvant therapy after surgery (seeRiskAssess-
ment for FHWT [WILMS-F] in the algorithm).10,64 Most
children have resectable unilateral kidney disease, and

upfront unilateral nephrectomy is recommended for these
children (see “Initial Treatment of Unilateral Renal
Tumor” [WILMS-2] in the algorithm).Multifocal unilateral
(10%) or primary bilateral renal tumors (5%–13%) are less
common.

The goals of treatment are to maximize cure while
appropriately risk stratifying patients to minimize long-
term toxicity of therapy by selecting less-intensive treat-
ment if possible. Long-term toxicity includes risk of
secondary malignancy from chemotherapy and/or RT
and development of end-stage renal disease among other
long-term risks of surgery and RT. In cancer survivorship
cohorts, with patients surviving many decades after diag-
nosis of WT, it has been shown that patients treated with
historic regimens have an increased incidence (65%) of
chronichealthproblems,25 yearsafter treatment; the inci-
dence of severe conditions was 24%.65 The risk of long-
term renal failure after treatment is only 0.6% in most
patients with unilateral FHWT.20 The incidence of end-
stage renaldisease ishigher (12%) inchildrenwithbilateral
WT.20 Other risk factors for end-stage renal failure include
radiation and congenital syndromes (eg, Denys-Drash,
WAGR). Patients treated with RT have an increased risk
for second malignancies.66–68
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Neoadjuvant Chemotherapy
Neoadjuvantchemotherapy is recommended toshrink the
tumors before surgery in children with bilateral WT, those
with initially unresectable unilateral tumors, or thosewith
predisposing conditions and either localized ormetastatic
unilateral renal tumors.69,70 Specific chemotherapy regi-
mens are given for 6 weeks and then the tumor response
is assessed (see “Principles of Chemotherapy” [WILMS-
G] in the algorithm). Details are provided regarding
neoadjuvant chemotherapy and regimens that are recom-
mended for specific settings (see “Chemotherapy” [page
955] and “Neoadjuvant Chemotherapy” [page 956] in this
Discussion).

Surgery
The surgical goals for WT include removal of all disease
without rupturing the tumor(s) (ie, no gross tumor spill),
accurate lymph node staging, and complete pathologic
evaluation.71Most patientswith FHWTwill have unilateral
radical ureteronephrectomy. Surgery must include
regional lymph node sampling.72–76 Nephron-sparing sur-
gery (NSS) is reserved for patients with bilateral disease,
those who are genetically predisposed, or those at other
higher risk for renal failure.73,77–79 NSS is not recommended

for unilateral disease if there is no genetic predisposition.
In addition, testing is done on the surgical tissue speci-
mens toconfirmthediagnosis,assess forcertainmolecular
markers (eg, loss of heterozygosity [LOH]), and to deter-
mine histology (eg, blastemal predominant, anaplasia);
the results are used for risk stratification to select the
appropriate adjuvant therapy.

Before treatment, it is essential to determine whether
the tumor is resectable, the appropriate type and timing of
surgery, and whether neoadjuvant chemotherapy is
needed to shrink tumors before surgery (see “Principles
of Surgery” [WILMS-D] in the algorithm). Although a clin-
ical stage is determined before surgery, confirming the
diagnosis of WT and complete staging occur after surgery.
The evaluation of resectability includes assessment of the
following: number and extent of tumors; and whether
the patient is at risk for pulmonary compromise, tumor
spill, or long-term renal failure. Contraindications to
upfront surgery include tumor extension to contiguous
structures; solitary kidney; extension of tumor thrombus
above the hepatic veins; unacceptable anesthesia risk
due to pulmonary metastases or very large abdominal
tumors; and/or risk for significant morbidity or mortality,
gross tumor spill, residual tumor, or long-term renal
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failure.80 Metastases are not typically a contradiction to
surgery.

The preferred surgical approaches are transabdomi-
nal or thoracoabdominal exposure with transperitoneal
approach to avoid tumor spillage.76,81–83 Surgery includes
assessment of size and extent of the tumor(s); abdominal
exploration; lymph node sampling (minimum of 5 nodes
from the renal hilum that are associated with the kidney,
paracaval, and para-aortic regions is recommended); and
assessment for tumor rupture, ascites, and retroperitoneal
adenopathy (see “Principles of Surgery” [WILMS-D] in the
algorithm).63,72,84,85 WT rarely invades surrounding organs
although it frequently adheres to them; en-bloc resection
of surrounding organs is not needed. The adrenal gland
only needs to be removed if there is tumor involvement.86

Although abdominal CT or MRI is recommended before
surgery, imaging cannot replace surgical exploration. Any
tumor spillage must be documented to guide therapy.87

Patients with spillage are classified as stage III and RT is
recommended. Minimally invasive surgery is not recom-
mended for children with WT at this time. Depending on
the setting and response to neoadjuvant chemotherapy,
nephrectomy (partial [one or both sides] or total) is done;
surgery must include regional lymph node sampling.72–76

Risk-Based Assessment
Risk stratification is used to determine themost appropri-
ate therapy to minimize both risk of recurrence and
long-term toxicity from treatment.64,65,88 Tumor histology,
histopathologic and surgical stage, molecular markers
(LOH of 1p and 16q), presence of metastatic and/or bilat-
eral disease, and clinical factors, including age of the child,
presence or absence of predisposition syndromes, and
responseofpulmonary lesions toneoadjuvantchemother-
apy, are all used in risk stratification (see “Initial and Final
Risk Assessment for Favorable Histology Wilms Tumor”
[WILMS-F] in the algorithm). Risk stratification has
evolved using data from large collaborative clinical trials.
The presence of specific molecular biomarkers—such as
LOH of 1p and 16q, 11p15, and 1q gain—identified in
tumor tissue is associated with increased risk of relapse
after initial therapy. Cytogenetic and molecular testing—
for 1q gain and/or LOH of 1p and 16q—is recommended
for all children with newly diagnosed FHWT.8,89,90 Other
molecularmarkersmaybe reported after testing; however,
at this time, data do not support the use of other markers
for risk stratification.Theuseof specificmolecularmarkers
for risk-based assessment is evolving basedon clinical trial
data.
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Several segmental chromosomal aberrations correlate
with increased risk, including LOH of 1p and 16q, gain of
1q, and LOH and LOI of 11p15. To date, only alteration of
therapy for combined LOH of 1p and 16 has been studied
inaprospective clinical trial.However, thepresenceof cer-
tain unfavorable biomarkers clearly identifies children
with potential increased risk when treated with therapy
deintensification (patients classified with very-low-risk
WT found to have LOH of 11p15, or patients with stage
IV disease and rapid complete response of pulmonary
metastases found to have 1q gain). Therefore, clinicians
should consider assessing for all of these biomarkers in
all children with FHWT.

Initial risk assessment is based on age and clinical,
radiographic, surgical, and pathologic findings. Final
risk assessment is based on the initial risk factors
plus presence or absence of unfavorable molecular
biomarkers and the response of the lung metastases
at week 6, if applicable. Factors indicating need for
more intensive therapy include: older age at diagnosis,
unfavorable/anaplastic histology, higher stage, larger
tumor weight, unfavorable molecular biomarkers,
and incomplete lung nodule response to neoadjuvant
chemotherapy at week 6. Excellent outcomes have

been achieved for all stages of FHWT, including those
patients with higher stage disease, unfavorable bio-
markers, and adverse clinical factors, such as incom-
plete lung response; these patients are stratified to
more intensive therapy with additional chemotherapy
agents and RT.

Chemotherapy
Data show that neoadjuvant and/or adjuvant chemother-
apy in combination with surgery (with or without RT)
improves survival formost childrenwithWT.11,61,91,92 Che-
motherapy regimens include (1) EE4A (vincristine and
dactinomycin); (2) DD4A (vincristine, dactinomycin,
and doxorubicin); (3) VAD (vincristine, dactinomycin,
and doxorubicin); (4) regimen M (vincristine, dactinomy-
cin, doxorubicin, cyclophosphamide, and etoposide);
and (5) regimen I (vincristine, doxorubicin, cyclophospha-
mide, and etoposide) (see “Principles of Chemotherapy”
[WILMS-G] in the algorithm). Although many of the
same agents are used in the different regimens, the sched-
ule varies. Some of the chemotherapy regimens may be
used for neoadjuvant or adjuvant chemotherapy. In the
National Wilms Tumor Study (NWTS), chemotherapy
was first given at week 0; however, COG chemotherapy
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starts at week 1. The number of doses of chemotherapy is
the same.

In the EE4A regimen, 13 doses of vincristine and 7
dosesof dactinomycin areadministeredover18weeks.91,93

In the DD4A regimen, 15 doses of vincristine (10 weekly, 5
every 3 weeks), 5 doses of dactinomycin, and 4 doses of
doxorubicin (cumulative dose 150 mg/m2) are adminis-
teredover24weekswithalternatingdosesofdactinomycin
and doxorubicin every 3 weeks.91,93 In the VAD regimen, 6
to 12dosesof vincristine, 2 to 4dosesof dactinomycin, and
2 to 4 doses of doxorubicin (cumulative dose 70–140 mg/
m2) are administered over 6 to 12 weeks based on treat-
ment response and timing of surgery; this regimen is
only used in the neoadjuvant setting for patients who are
candidates for NSS.61 In the VAD regimen, dactinomycin
and doxorubicin are given together. Regimen M consists
of 9 doses of vincristine, 5 doses of dactinomycin, 5 doses
of doxorubicin (cumulative dose 150 mg/m2), 4 courses of
5 daily doses of cyclophosphamide, and 4 courses of 5 daily
doses of etoposide over 24 weeks.92 Dactinomycin and
doxorubicin are given together, and cyclophosphamide
and etoposide are given together. Regimen M starts at
week7 for tumors requiringaugmentationof therapybased
on molecular markers or response of lung metastases to 6

weeksofDD4A.Regimen I consists of 9dosesof vincristine,
4 doses of doxorubicin (cumulative dose 180 mg/m2), 7
courses of 3 to 5 daily doses of cyclophosphamide, and 3
courses of 5 daily doses of etoposide.11,61,94 Doxorubicin
and 3 daily doses of cyclophosphamide are given together,
and 5 daily doses of cyclophosphamide and etoposide are
given together. Depending on when surgery is done, regi-
men I starts at week 7, 9, or 12 for tumors requiring aug-
mentation of therapy based on histology.

Neoadjuvant Chemotherapy
Neoadjuvant chemotherapy regimens are used for
patients with a contraindication to or inability to undergo
upfront nephrectomy and include (1) EE4A, (2) DD4A, or(
3) VAD (see “Principles of Chemotherapy” [WILMS-G] in
thealgorithm).The specificneoadjuvant regimensdepend
on the setting and are described in the algorithm (see
“Principles of Chemotherapy” [WILMS-G] in the algo-
rithm). At week 6 of neoadjuvant chemotherapy, the
tumor(s) are reimaged to determine if they are now
resectable. If present, pulmonary lesions can be used to
assess response toneoadjuvant chemotherapy. Persistent
pulmonary lesionsmay be considered for removal after 6
weeks of chemotherapy, if they can be removed without
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significantmorbidity. In certain settings, if patientshavea
complete response at week 6 of chemotherapy then sur-
gery is not needed. If there is less than a partial response
after chemotherapy, an open biopsy should be consid-
ered to assess for anaplasia or to confirm diagnosis of
WT. Chemotherapy is continued for a total of 12 weeks
if the patient has a partial response at week 6 but is not
a candidate for surgery at week 6, including NSS. How-
ever, surgery is recommended byweek 12 of neoadjuvant
chemotherapy based on clinical trial data showing that
continuing chemotherapy beyond 12 weeks does not
yield continued tumor shrinkage.70,95

Adjuvant Chemotherapy
Adjuvant chemotherapy regimens include (1) EE4A, (2)
DD4A, (3) regimen M, and (4) regimen I (see “Principles
of Chemotherapy” [WILMS-G] in the algorithm). The pre-
cise regimens that are used depend on the setting and risk
stratification; for example, adjuvant chemotherapy with
EE4A is recommended for children with unilateral FHWT
at standard risk after upfront nephrectomy. Adjuvant che-
motherapy should be initiated no later than 14 days after
nephrectomy. As previously mentioned, risk stratification
is used to determine the most appropriate adjuvant

chemotherapy regimens for patients (see “Initial and Final
Risk Assessment for Favorable Histology Wilms Tumor”
[WILMS-F] in the algorithm). If RT is also required, then
timing of adjuvant chemotherapy should be coordinated
to avoid administering full doses of dactinomycin or doxo-
rubicin with radiation.

Radiation Therapy
The NCCN Panel recommends consulting a radiation
oncologist when WT is suspected to allow adequate time
for radiation planning if needed, including coordination
with chemotherapy administration. AdjuvantRT is recom-
mended for patients at higher risk after surgery but not for
those with low stage, lower risk disease. Depending on the
setting, adjuvant flank RT or WAI with or without whole
lung irradiationmaybe recommended.For example, adju-
vant flank RT is recommended for patients who have local
stage III FHWTor stage IVwith local stage III.96 Local stage
III refers to staging at the primary site regardless of metas-
tases [see “Children’s Oncology Group (COG) Staging of
WilmsTumor,” available in these guidelines atNCCN.org].
Biopsy alone does not upstage a tumor to stage III for
determining whether to give adjuvant RT. Testicular
shielding is recommended for most boys receiving
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adjuvant flank RT. WAI is recommended for patients with
cytology-positive ascites, any preoperative tumor rupture,
peritoneal seeding, and diffuse surgical spillage.81,97 Sup-
plemental boost irradiation is recommended for gross
residual disease that remains after adjuvant flank RT or
WAI. For each setting, the algorithmprovides detailed rec-
ommendations for adjuvantflankRT,WAI, andwhole lung
irradiation; the RT target volumes, techniques, and sched-
ules are also provided in the supplementary pages (see
“Principles of Radiation Therapy for FHWT” [WILMS-H]
in the algorithm).

Adjuvant whole lung irradiation is recommended for
patients with lung metastases; intensity-modulated RT
(IMRT) or anteroposterior/posteroanterior (AP/PA) may
be used.98–100 However, adjuvant whole lung irradiation
can be delayed until week 6 of chemotherapy in select
patients with FHWT who only have metastases in the
lung. If patients with FHWT but no 1q gain and no LOH
at 1p and 16q have a complete response of their lung
metastases to 6 weeks of chemotherapy, then whole lung
irradiation is not recommended;however,whole lung irra-
diation is recommended for patients with 1q gain or LOH
at 1p and 16q. Studies show that starting RT later than 14
days after surgery is associated with an increased risk of

abdominal recurrence in patients without metastases.101

TheNCCNPanel recommends that RT should start ideally
by day 10 after surgery but no later than day 14.102,103 How-
ever, patient factors should be considered when deciding
about the timing of adjuvant RT, including age and need
to assess the responseof lungmetastases to chemotherapy
when givingWAI andwhole lung irradiation. If RT is being
considered, the timing of RT should be coordinated with
chemotherapy to avoid the coadministration of full doses
of dactinomycin or doxorubicin with RT (see “Principles
of Chemotherapy” [WILMS-G] in the algorithm). Dactino-
mycin or doxorubicin can be administered at full doses
before starting RT.

Treatment: Individual Settings
The NCCN recommendations for treatment of children
with FHWT are based on clinical trial data from the COG,
and older NWTS trials, that have been used to identify
treatment regimens that can increase survival and
decrease relapse, morbidity, and long-term adverse
events.104 The clinical trials performed in Europe by the
International Society of Pediatric Oncology (SIOP) have
typically used neoadjuvant therapy followed by surgery
even if the tumor was initially resectable. The only setting
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where NCCN recommendations are based on SIOP guide-
lines is the management of unilateral, initially unresect-
able tumors (see “Localized Unilateral Renal Tumor With
a Predisposing Condition,” page 966). By treating for pre-
sumed diagnosis, SIOP accepts that a percentage of
patients will bemisdiagnosed as havingWT (ie, false posi-
tive).NWTS/COGbelieve it is important toestablishhistol-
ogy at the start because not all renal tumors are WT. COG
treatments are also based on inclusion stage, and on
genetic risk factors in the tumor at diagnosis, requiring
tumor tissue. Most children with WT have unilateral dis-
ease and upfront nephrectomy with regional lymph node
sampling is recommended followed by adjuvant therapy,
which is selected based on an assessment of the risk after
surgery (see “Initial and Final Risk Assessment for Favor-
able Histology Wilms Tumor” [WILMS-F] in the
algorithm).

Molecular testingof tumor tissue (eg,LOHand1qgain)
is recommended to use in risk assessment for all newly
diagnosedpatientswithFHWT.105 Thegoal is to select ther-
apy that will increase survival and decrease relapse, mor-
bidity, and long-term adverse events. Patients are
categorized as (1) very low risk, (2) low risk, (3) standard
risk, (4) higher risk, and (5) bilateral (see “Initial and Final

Risk Assessment for Favorable Histology Wilms Tumor”
[WILMS-F] in the algorithm). Final risk assessment
includes tumor biology and response of pulmonary nod-
ules to initial therapy; final risk assessment is used when
deciding whether to continue the initial chemotherapy or
switch to more intensive (augmented) chemotherapy. The
goal of therapy is to avoid relapse. Risk of toxicity with
intensification needs to be balanced with risk of relapse,
and consequent need for very intensive therapy, with
much less chance of cure after relapse. If patients with
FHWT relapse after initial treatment, the salvage rate
depends on the number of drugs administered with initial
chemotherapy and whether RT was given with the initial
treatment.106,107 In addition, regimens to treat relapse are
associated with late effects, such as cardiomyopathy, sec-
ond malignancy, infertility, and renal insufficiency. The
NCCN Panel recommends referral for infertility risk/fertil-
itypreservationcounseling forallpatients treatedwithche-
motherapy; counseling is strongly encouraged before
treatment with regimen M or WAI.108,109 Posttreatment
imaging surveillance should evaluate the chest and abdo-
men and may consist of CT, MRI, ultrasound, or chest
X-ray, which is most often done every 3months for 2 years
and then every 6 months for an additional 2 years.110,111
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Clinical trial data used to support the NCCN recom-
mendations in different settings of FHWT are described
in the following sections. Patients with very-low-risk,
low-risk, and standard-risk FHWT were studied in the
NWTS-5 and AREN0532 trials.112,113 Patients with higher
risk FHWT were studied in AREN0533.92 Clinical trial
data from NWTS-5, AREN0532, and AREN0533 are used
to support the NCCN recommendations for children
withunilateral renal tumorswhodonot havepredisposing
conditions.105 Childrenwith localized ormetastatic unilat-
eral renal tumor and a predisposing condition were stud-
ied in AREN0534.114 Patients with bilateral FHWT were
also assessed in the AREN0534 trial.61

Unilateral Renal Tumors

Resectable Unilateral Renal Tumor With Very Low Risk

Clinical Trial Data
Children with resectable unilateral WT typically receive
upfront nephrectomy followed by adjuvant therapy.115

However, data suggested that adjuvant therapy could be
omitted in childrenwhowere deemedat very low risk after
upfrontnephrectomy.116 TheNationalWilmsTumorStudy
5 (NWTS-5) trial assessed upfront nephrectomy followed

byobservationonly in 77 children at very low risk after sur-
gery.113 These children were deemed at very low risk
because they were younger than 2 years, their tumor
weight was less than 550 g, and they had stage I disease.
These 77 children who only had surgery were compared
with 111 children who had surgery plus adjuvant chemo-
therapy with EE4A. The estimated 5-year event-free sur-
vival for observation was 84% (95% CI, 73%–91%); it was
97% (95% CI, 92%–99%; P5.002) for EE4A. The children
who relapsed after surgery alone were successfully treated
with more intensive therapy than EE4A (doxorubicin and
RT). The estimated 5-year overall survival for surgery
only was 98% (95% CI, 87%–99%); it was 99% (95% CI,
94%–99%) for EE4A (P5.70). At 8 years, the overall survival
was still excellent (98.7%).

Data suggested that certain molecular markers in the
tumors could be used to identify children who might be
at higher risk after surgery alone; adjuvant chemotherapy
could be used to decrease the risk of relapse in this sub-
set.90 The AREN0532 study assessed observation alone
after upfront nephrectomy in children at very low risk after
surgery.112 The trial assessed whether observation only
after surgeryalonewasassociatedwithanacceptable level
of survival and whether certain tumor molecular markers
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wereassociatedwith increasedriskof relapse.Thegoalwas
to avoid adjuvant chemotherapy with EE4A, if feasible,
and thus decrease toxicity. For the 116 children observed
after surgery alone, the overall survival was 100%; the
estimated 4-year event-free survival was 89.7% (95%
CI, 84.1%–95.2%). Tumors with 11p15 LOH or LOI were
associated with a 20%–25% risk of recurrence, whereas
the relapse risk was only 3% in tumors without 11p15
LOH or LOI. One patient who relapsed had combined
LOH of 1p and 16q in addition to 11p15 LOH. The great-
est difference between the NWTS very-low-risk cohort
and the COG very-low-risk cohort was prospective cen-
tral review for stage and histology, and requirement of
lymph node sampling. Patients were not excluded for
finding of unfavorable biology and outcomes were still
excellent. Retrospective analysis showed impact of
LOH/LOI of 11p15.

NCCN Recommendations
Children with FHWT fitting the criteria of the COG very-
low-risk group can be observed without adjuvant therapy
or receive adjuvant chemotherapy with EE4A (see
“Unilateral FHWT, Primary Nephrectomy” [WILMS-3] in
the algorithm).112,113 EE4A is recommended for children

with very-low-risk clinical features but with unfavorable
prognostic molecular markers (1p15 LOH or LOI or com-
bined LOH at 1p and 16q). Observation only after surgery
is recommended for children without these unfavorable
biomarkers. Postoperative RT is not recommended for
stage I disease.

Low Risk

Clinical Trial Data
The NWTS-5 trial showed that certain unfavorable tumor
molecular markers were associated with poorer relapse-
free survival in children with stage I and II FHWT.90

When treated with adjuvant EE4A, children with stage I
or II FHWT with combined LOH at 1p and 16q had a
4-year relapse-free survival of 74.9% versus 91.2% for those
without these markers (P5.001). The AREN0532 and
AREN0533 trials showed that intensifying (ie, augmenting)
adjuvant therapy to DD4A improved relapse-free survival
for patients with stage I or II FHWT with combined LOH
at 1p and 16q compared with historical controls from
NWTS-5.105

For patients with stage I or II FHWT plus combined
LOH 1p and 16q, the estimated 4-year event-free survival
was 68.8% (95% CI, 55.2%–82.3%) with EE4A on NWTS-5
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and 87.3% (95% CI, 75.1%–99.5%) with DD4A on
AREN0532 (P5.042).105 All 4 relapses occurred in patients
with stage II FHWTwho receivedDD4A. For patients with
stage I or II FHWT and LOH at 1p and 16q, the estimated
4-year overall survival was 91.6% (95% CI, 83.6%–99.6%)
with EE4A on NWTS-5 and 100% with DD4A on
AREN0532 (P5.096).105 It is important to note that the
AREN0532andAREN0533 trialswerenot sufficiently pow-
ered todetect statistical differences inoverall survivalwith
augmented therapy (DD4A), because combined LOH 1p
and 16q occurs at low frequencies (4.27% [49/1147]) in
patientswith stage I or IIFHWT.The impactof intensifica-
tion for finding of 1q gain has not been studied.

NCCN Recommendations
Children with FHWT at low risk after surgery can receive
adjuvant therapywith regimen EE4A or switch to regimen
DD4A (see “Unilateral FHWT, Primary Nephrectomy”
[WILMS-3] in the algorithm).105 DD4A is recommended
for children with low-risk tumors that express combined
LOH 1p and 16q. EE4A can be continued for children
with tumors that do not have these unfavorable bio-
markers. Postoperative RT is not recommended for local
stage I and II disease.

Standard Risk and Higher Risk

Clinical Trial Data
TheNWTS-5 trial showed that certainunfavorable tumor
molecular markers were associated with poorer relapse-
free survival in children with stage III or IV FHWT.90

When treated with adjuvant DD4A, children with stage
III or IV FHWT with combined LOH at 1p and 16q had
a 4-year relapse-free survival of 65.9% versus 83% for
those without these unfavorable biomarkers (P5.01).
AREN0533 showed that augmenting adjuvant therapy to
regimen M at week 7 improved relapse-free survival for
51 patients with stage III or IV FHWT plus combined
LOH 1p and 16q compared with historical controls from
NWTS-5.92,105,112 For patients with stage III WT plus com-
bined LOH 1p and 16q treated with regimen M, the esti-
mated 4-year event-free survival was 87.1% (95% CI,
75.1%–99.1%) and the estimated 4-year overall survival
was 93.6% (95% CI, 84.6%–100%). For patients with stage
IV WT plus combined LOH 1p and 16q treated with regi-
men M, the estimated 4-year event-free survival was
95.0% (95% CI, 84.9%–100%) and the estimated 4-year
overall survival was 100%. Four relapses and two second
malignancies occurred in patients with stage III or IV
FHWT treated with regimen M.
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For patients with stage III or IV FHWT plus combined
LOH 1p and 16q treated with DD4A, the estimated 4-year
event-free survival was 61.3% (95% CI, 44.9%–77.6%) for
NWTS-5 and 90.2% (95% CI, 81.7%–98.6%) with regimen
M on AREN0532 and AREN0533 (P5.001).105 For patients
with stage III or IV FHWT plus combined LOH 1p and
16q, the estimated 4-year overall survival was 86.0%
(95% CI, 74.5%–97.5%) with DD4A on NWTS-5 and
96.1% (95% CI, 90.5%–100%) with regimen M on
AREN0532 and AREN0533 (P5.087).105 Some clinicians
have concerns regarding the comparability of historical
control data that were used to justify augmenting therapy
with regimen M due to the historical control group that
was used.117,118

Because combined LOH 1p and 16q occurs at low fre-
quencies (6.01% [82/1364]) in patients with stage III or IV
FHWT, the AREN0532 and AREN0533 trials were not
powered to detect statistical differences in overall survival
with augmented therapy. A different molecular marker,
1q gain, occurs more frequently and is associated with
inferior survival; 1q gain has been assessed in several
studies, including patients with stage IV FHWT.8,89,92,119

The marker, 1 q gain, identifies higher risk patients with
isolated lung metastases (ie, lung-only metastases) who

should receive whole lung irradiation even if their lung
metastases have completely responded to initial
DD4A.92 However, lung RT can be omitted in patients
with lung-only metastases and no unfavorable markers
(ie, no 1q gain, no combined LOH 1p and 16q) who
have a complete response of their lung metastases to ini-
tial DD4A. Although 1q gain has been identified as an
adverse prognostic factor, no prospective studies have
been done to show that intensification of therapy is
more effective. The impact of 1q gain is greatest in higher
risk; it is up to the clinician and family to consider risks
and benefits of intensification with known treatment reg-
imens. 1q gain can be used to identify patients who are
not appropriate for deintensification of therapy, such as
patients with rapid complete response of lung nodules.
Those with rapid complete response and 1 q gain have
a high risk of relapse if they are not treated with RT and
DD4A (ie, event-free survival of 57%).

RegimenMmay causemorbidity (eg, enhancedmye-
losuppression) and late effects including secondary leuke-
mia (caused by cyclophosphamide and etoposide) and
infertility (caused by cyclophosphamide).92,120,121 How-
ever, regimens to treat relapse are also associated with
late effects, such as cardiomyopathy, second malignancy,
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and renal insufficiency. In patients who have stage III
FHWT and who relapse, the salvage rate is 50% or less.
Thus, clinicians need to balance the possibility of late
effects with regimen M versus the possibility of relapse
without regimen M and also side effects associated with
the salvageregimens.TheNCCNPanel recommends refer-
ral for infertility risk/fertilitypreservationcounseling for all
patients treatedwith chemotherapy; counseling is strongly
encouraged before treatment with regimen M or WAI.

NCCN Recommendations
DD4A is recommended for patients with stage III FHWT
classified as standard risk after the initial risk assess-
ment.105 Atweek6ofDD4A, the resultsofmolecular testing
from diagnostic tissue are used to determine the final risk
assessment and to select further therapy. Switching to aug-
mented therapy with regimen M is recommended for
patients with combined LOH of 1p and 16q who are at
increased risk. Flank RT or WAI is recommended for
patients with local stage III. If RT is being considered, the
timing of RT should be coordinated with chemotherapy
toavoid thecoadministrationof full dosesofdactinomycin
or doxorubicin with RT.

DD4A is recommended as initial therapy for patients
with stage IV FHWT classified as higher risk. At week 6 of
DD4A, results of molecular testing from diagnostic tissue
and of imaging are used to determine the final risk assess-
ment and to select further therapy. Switching to aug-
mented therapy with regimen M is recommended for
patients with (1) combined LOH of 1p and 16q; or (2)
lung metastases that have slow incomplete response after
6 weeks of chemotherapy. DD4A is continued after week 6
in patients with lung-only metastases that respond
completely after 6 weeks of chemotherapy and in patients
with extrapulmonary metastases (with or without lung
metastases). However, regimen M is associated with a
greater risk of toxicity, including second cancers and infer-
tility due to cyclophosphamide and etoposide. Although
patients with extrapulmonary metastases were switched
to regimen M in a recent study (AREN0533), the results
have not been published yet; therefore, this regimen is
not currently recommended in this setting.

Postoperative flank RT or WAI is recommended for
patients with local stage III disease who have higher risk
disease. Whole lung irradiation may also be recom-
mended depending on the setting. For example, whole
lung irradiation is recommended for patients with tumors
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that express 1 q gain or combined LOH at 1p and 16q.
Whole lung irradiation is recommended for all patients
who present with pulmonary metastases, with the excep-
tion of those patients with complete response of pulmo-
nary lesions at 6 weeks, that also do not have either
combined LOH of 1p and 15q, 1q gain, or other extrapul-
monary metastases.

Initially Unresectable Unilateral Renal Tumor With No
Predisposing Condition

Clinical Trial Data
Clinical trial data from NWTS-5, AREN0532, and
AREN0533 are used to support the NCCN recommenda-
tions for childrenwith unilateral renal tumors that are ini-
tially unresectable if there are nopredisposing conditions.
Details about these trials and regimen M are provided in
theprevious section (see “StandardRisk andHigherRisk,”
page 962). Neoadjuvant therapy is selected using recom-
mendations for local stage III disease.

NCCN Recommendations
Neoadjuvant therapy with DD4A is recommended for
children with unilateral renal tumors that are initially

unresectable if there are no predisposing conditions.90,105

Upfront biopsy with delayed nephrectomy should be lim-
ited to specific settingswhere upfront nephrectomy is con-
traindicated, such as patients with an inferior vena cava
(IVC)thrombusabovethe levelof thehepaticveins.Upfront
biopsy is recommended for all patientsmeeting the criteria
for delayed resection, to determine histology, establish a
diagnosis ofWT, andobtainmolecular biomarkers to guide
therapy. At week 6 of DD4A, the tumor is reimaged and
depending on the tumor response, patients have either
nephrectomy with regional lymph node sampling or con-
tinue with DD4A. Chemotherapy is continued for a total
of 12 weeks if the patient has some response at week 6
but isnotdeemedacandidate forsurgery.However, surgery
is recommendedforallpatientsatamaximumofweek12of
neoadjuvant chemotherapy based on clinical trial data
showing that continuing chemotherapy beyond 12 weeks
usually does not yield continued tumor shrinkage.70,95

After pathology confirms that patients have FHWT,
molecular and imaging results are used to determine the
final risk assessment and to select further therapy. Patients
either continue regimen DD4A or switch to regimen M,
depending on the risk assessment. Augmented therapy
with regimen M is recommended for patients who are at
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increased risk, including those with (1) combined LOH at
1p and 16q, or (2) metastases only in the lung that have
slow incomplete response to neoadjuvant chemotherapy.
Although patients with extrapulmonary metastases were
switched to regimen M in a recent study (AREN0533), the
results have not been published yet; therefore, regimen
M is not currently recommended in this setting. Postoper-
ative flank RT or WAI is recommended for patients with
local stage III disease. Whole lung irradiation is recom-
mended in patients whose lung metastases have not
responded to 6 weeks of neoadjuvant chemotherapy,
patients whose tumor expresses 1q gain or combined
LOH at 1p and 16q, and patients with lung and extrapul-
monary metastases. If RT is being considered, the timing
of RT should be coordinated with chemotherapy to avoid
the coadministration of full doses of dactinomycin or
doxorubicin with RT.

Localized Unilateral Renal Tumor With a Predisposing
Condition

Clinical Trial Data
The AREN0534 trial assessed neoadjuvant therapy with
EE4A (or VAD if an upfront biopsy was done) for 6 weeks

followed by either surgery or continuation of EE4A (or
VAD) for an additional 6 weeks in 34 evaluable children
who had localized unilateral renal tumor and who were
predisposed to develop metachronous disease because
of hemihyperplasia or a genetic predisposition syndrome,
such as Beckwith-Wiedemann syndrome; the trial also
included children with multiple renal tumors in one kid-
ney (multicentric) and with unilateral renal tumor and
contralateral nephrogenic rest(s) (of any size) in children
younger than 12 months of age.114 This trial also assessed
treatment in children with metastatic unilateral WT and
bilateral WT (see “Metastatic Unilateral Renal Tumor
With a Predisposing Condition,” page 969 and “Bilateral
Renal Tumors,” page 970). Patients with localized unilat-
eral renal tumor received neoadjuvant therapy with VAD
if an upfront biopsy showed FHWT.

Goals of AREN0534 included performing surgery by
week 12, improving the event-free survival (compared
with NWTS-5), and decreasing the need for total nephrec-
tomy by using NSS to preserve as much renal function as
possible, because these children are at risk for end-stage
renal failure.114 Surgery was done after either 6 weeks or
12 weeks of neoadjuvant chemotherapy based on the
response at 6 weeks; continuing chemotherapy beyond
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12 weeks usually does not yield continued tumor shrink-
age.70,95 If there was a less than partial response at week
6, a total nephrectomy was performed before continuing
chemotherapy based upon histology. Of the 32 patients
who underwent surgery, 15 had surgery at week 6 and 17
had surgery at week 12. Open renal biopsy can be done
to determine the histology—FHWT or WT without evi-
dence of anaplasia—before continuing with neoadjuvant
chemotherapy.By12weeksofneoadjuvant chemotherapy,
most patients had a partial response (62% [21/34]) or sta-
ble disease (32% [11/34]); 2 patients had a complete
response; there was no progressive disease. Surgery
included partial or total nephrectomywith regional lymph
node sampling followed by determination of the pathol-
ogy. A total nephrectomy was done if patients had a less
than partial response to neoadjuvant chemotherapy at
week 6. Partial nephrectomies were done in 63% (20/32)
of patients.

After surgery, risk assessment was completed using
histology results and stage to select further therapy
including adjuvant chemotherapy with or without
RT.114 Use of molecular biomarkers to direct therapy
was not included in AREN0534; however, outcomes
were excellent despite not augmenting chemotherapy

for the presence of unfavorable biomarkers. The
4-year event-free survival was 94% (95% CI,
85.2%–100%) and the 4-year overall survival was 100%.
Patients with stage I or II FHWT without blastemal-
predominant histology are at lower risk of relapse after
surgery; therefore, they continued receiving less inten-
sive adjuvant therapy with EE4A and did not receive
adjuvant RT.114 Patients with blastemal-predominant
histology following neoadjuvant chemotherapy are at
greater risk of relapse after surgery; therefore, they
switched to more intensive adjuvant therapy with
DD4A or regimen I, depending on the stage.114,122

NCCN Recommendations
Neoadjuvant therapy with the EE4A regimen is recom-
mended for children with a localized unilateral renal
tumor and a predisposing condition.51,114,123 Upfront
biopsyor resection is discouraged in this setting.However,
if an upfront biopsy was done, then the VAD regimen is
used as neoadjuvant therapy. At week 6 of EE4A (or
VAD), the tumor is reimaged and depending on the
response, patients (1) have no surgery if there was a com-
plete response to EE4A (or VAD); (2) have partial nephrec-
tomy with regional lymph node sampling if the tumor is
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now resectable; (3) continuewith EE4A (or VAD) for a total
of 12 weeks if the tumor is still unresectable but shows at
least a partial response; or (4) have complete nephrectomy
for those with less than a partial response. If there is a less
than partial response atweek 6, the tumor should be biop-
sied to confirm a diagnosis of FHWT (or WT without evi-
dence of anaplasia) before continuing with EE4A (or
VAD). Surgery is done at 12 weeks after neoadjuvant che-
motherapybasedondata showing that continuingchemo-
therapy beyond 12weeks usually does not yield continued
tumor shrinkage.70,95 A partial or total nephrectomy with
regional lymph node sampling is recommended at week
12.61 The decision to do a partial versus total nephrectomy
is based on tumor size, location in the kidney, extension
into the kidney collecting system, and other factors.

The only setting where NCCN recommendations are
based on SIOP guidelines is themanagement of unilateral,
initially unresectable tumors where COG has borrowed
from SIOP data regarding the recommendation to change
chemotherapy if histology is blastemal predominant at
delayed nephrectomy. After pathology confirms that
patients have FHWT, histology (ie, blastemal predomi-
nant) and staging are used to select further therapy (see
“Children’s Oncology Group (COG) Staging of Wilms

Tumor,” available in these guidelines at NCCN.org). If
upfront biopsy was done and patients received VAD, the
tumor is considered to be stage III for determining the
adjuvant chemotherapy regimen. Patients either continue
regimen EE4A, switch to regimen DD4A, or switch to regi-
men I, dependingon the riskassessment. If patients have a
complete response at 6 weeks to regimen EE4A, then they
continue EE4A and do not receive RT.114 Switching to reg-
imen DD4A is recommended for patients who are at
increased risk, including those with (1) stage III FHWT
without blastemal predominant histology; or (2) stage I
FHWTwith blastemal predominant histology. Augmented
therapy with regimen I is recommended for patients with
blastemal predominant histology and stage II or III
FHWT, because they are at the greatest risk. Regimen M
has not been studied in this population. RT is often given
10 to 14 days after surgery; the patient’s age and other fac-
tors are consideredwhen deciding about the timing of RT.
Local stage III refers to the staging at the primary tumor,
regardless of metastases, and is used to determine the
need for flank RT or WAI (see “Principles of Radiation
Therapy for FHWT” [WILMS-H] in the algorithm). Neoad-
juvant chemotherapy is not a criterion for upstaging to
stage III in this setting. Biopsy alone in this situation
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does not upstage a tumor to stage III for determining
whether to give RT.

Metastatic Unilateral Renal Tumor With a
Predisposing Condition

Clinical Trial Data
The AREN0534 study assessed neoadjuvant therapy with
VAD for 6weeks followedbyeither surgery or continuation
of VAD for an additional 6weeks in childrenwho hadmet-
astaticunilateral renal tumorandwhowerepredisposed to
develop metachronous bilateral disease because of hemi-
hyperplasia or a genetic syndrome, such as Beckwith-
Wiedemann syndrome.51,114,123 One of the 32 patients
who underwent surgery had stage IV disease. This trial
also assessed treatment in children with localized unilat-
eral WT and bilateral WT (see “Localized Unilateral Renal
Tumor With a Predisposing Condition,” page 966 and
“Bilateral Renal Tumors,” page 970). Additional details
about AREN0534 are provided in the previous section
(see “Localized Unilateral Renal Tumor With a Predispos-
ing Condition,” page 966).

After surgery, risk assessmentwasdoneusinghistology
resultsandstage to selectadjuvant therapy, includingRT.114

Use of molecular biomarkers to direct therapy was not

included onAREN0534; however, outcomeswere excellent
despite not augmenting chemotherapy for the presence
of unfavorable biomarkers. Patients without blastemal his-
tology are at lower risk of relapse after surgery; therefore,
they switched from VAD to adjuvant therapy with DD4A
and adjuvant RT for local stage 3 disease.114 Patients with
blastemal histology after neoadjuvant chemotherapy are
at greater risk of relapse after surgery; therefore, they
switched tomore intensive adjuvant therapy with regimen
I and adjuvant RT for local stage 3 disease.114,122

NCCN Recommendations
Neoadjuvant therapy with the VAD regimen is recom-
mended for children with a predisposing condition and
a unilateral renal tumor that hasmetastasized.114 Upfront
biopsy or resection is discouraged in this setting. At week
6 of VAD, the tumor is reimaged and depending on the
response, patients (1) have no surgery if there was a com-
plete response to VAD; (2) have partial nephrectomy at
week 6 if the tumor is now resectable; or (3) continue
with VAD for a total of 12 weeks if the tumor is unresect-
able but shows at least a partial response. If there is a less
than partial response at week 6, the tumor should be
biopsied to confirm a diagnosis of FHWT (or WT without
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evidence of anaplasia) before continuing with VAD. Sur-
gery is done at 12 weeks after neoadjuvant chemotherapy
based on data showing that continuing chemotherapy
beyond 12 weeks usually does not yield continued tumor
shrinkage.70,95 A partial or total nephrectomy with
regional lymph node sampling is recommended at
week 12. The decision to do a partial versus total
nephrectomy is based on tumor size, location in the kid-
ney, extension into the kidney collecting system, and
other factors.

After pathology confirms that patients have FHWT,
histology (ie, blastemal predominant) is used to select fur-
ther therapy.Useofmolecularbiomarkers todirect therapy
has not been studied in this setting; outcomes on
AREN0534were excellent despite not augmenting chemo-
therapy for the presence of unfavorable biomarkers.
Patients either switch to regimen DD4A or switch to regi-
men I, dependingon the riskassessment. Switching to reg-
imen DD4A is recommended for patients without
blastemal predominant histology or thosewith a complete
response at 6 weeks. Augmented therapy with regimen I is
recommended for patients with blastemal predominant
histology because they are at greater risk. Regimen M has
not been studied in this population. RT is often given 10

to 14 days after surgery; the patient’s age and other factors
are considered when deciding about the timing of RT.
Local stage III refers to the staging at the primary tumor,
regardless of metastases, and is used to determine the
need for flank RT or WAI (see “Principles of Radiation
Therapy for FHWT” [WILMS-H] in the algorithm). Biopsy
alonedoesnot upstagea tumor to stage III for determining
whether to give RT. Neoadjuvant chemotherapy is not a
criterion for upstaging to stage III in this setting. Omission
of whole lung irradiation based on the response of lung
metastases at week 6 of neoadjuvant chemotherapy has
not been studied in this group of patients.

Bilateral Renal Tumors
Childrenwith bilateralWThave a greater incidence of pre-
disposition syndromes and a greater risk for developing a
metachronous tumor after treatment, probably because
ofan increased incidenceofnephrogenic rests.15,39,114Chil-
dren who present at a younger age are more likely to have
multifocal/bilateral disease and their tumors are often
identified as part of a surveillance program.16,51 When
compared with unilateral WT, children with bilateral WT
have decreased survival because of understaging and
increased incidence of anaplastic histology.61 The
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treatment goal for childrenwith bilateralWT is to improve
survival andpreserveasmuchrenal functionaspossibleby
using less intensive chemotherapy and NSS, if feasible.
Unfortunately, the incidence of end-stage renal disease is
higher (12%) in children with bilateral WT compared
with unilateral WT (0.6%).20,124 In patients with small
lesions suspicious for bilateral WT, it may be difficult to
distinguish nephrogenic rests from WT using imaging
and percutaneous biopsies; MRI may be useful in this
setting.

Clinical Trial Data
The AREN0534 trial assessed neoadjuvant therapy with
VAD for 6weeks followedbyeither surgery or continuation
of VAD for an additional 6 weeks in 189 evaluable children
with bilateral FHWT.61 This trial also assessed treatment in
children with unilateral WT and a predisposing syndrome
(see “Unilateral Renal Tumors,” page 960). Goals of
AREN0534 included performing surgery by week 12,
improving the event-free survival (compared with
NWTS-5), and decreasing the need for total nephrectomy
byusingNSS, if feasible, topreserve renal function. Surgery
was done at either 6 weeks or 12 weeks after neoadjuvant
chemotherapy based on the response at 6 weeks;

continuing chemotherapy beyond 12 weeks usually does
not yield continued tumor shrinkage.70,95 If there was a
less than partial response at week 6, open renal biopsies
in both kidneys were done to determine the histology–-
FHWT or WT without evidence of anaplasia–-before
continuing with VAD. However, bilateral renal tumors in
children that arenotWTare veryuncommon.By12weeks,
most patients had a partial response to neoadjuvant che-
motherapy. Surgery was done with the goal of preserving
as much renal function as possible, if feasible, and
included (1) a partial nephrectomy on one or both sides;
or (2) a total nephrectomywith regional lymph node sam-
pling and a contralateral partial nephrectomy on one side.
Data show that use of partial nephrectomy preserves renal
function in patients with bilateral WT.125 Most patients
(84%)hadhadsurgeryby12weeks;61%ofpatientsneeded
a complete nephrectomy in at least one kidney.

Histology results and stage were used to select further
therapy including RT and/or adjuvant chemotherapy. To
determine adjuvant therapy, risk assessment was done
using the kidneywith thehighest stage. Patientswith com-
plete necrosis after neoadjuvant chemotherapy or with
stage I FHWT without blastemal-predominant histology
are at lower risk of relapse after surgery; therefore, they
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received EE4A, which is less intensive adjuvant chemo-
therapy. Patients with blastemal-predominant histology
are at greater risk of relapse after surgery; therefore, they
receivedmore intensive adjuvant therapy.61,122 For 11 chil-
drenwithbilateral FHWTandblastemal-predominanthis-
tology on ARE0534, the 4-year event-free survival was
81.8% (95% CI, 42.3%–100%) and the 4-year overall sur-
vival was 91% (95% CI, 64.1%–100%).61 For 140 children
with bilateral FHWT but without blastemal-predominant
histology on ARE0534, the 4-year event-free survival was
83.18% (95%CI, 73.2%–92.96%) and the 4-year overall sur-
vival was 97.7% (95% CI, 93.90%–100%).61 On the older
NWTS-5 trial, 4-year event-free survival was 65% for
patients with bilateral FHWT.11

NCCN Recommendations

Localized Bilateral Renal Tumors With or Without a
Predisposing Condition
Neoadjuvant therapy with the VAD regimen is recom-
mended for children with localized bilateral renal tumors
withorwithoutapredisposingcondition.61Upfrontbiopsy
or resection is discouraged in this setting. Surgery is done
at either 6 weeks or 12 weeks after neoadjuvant

chemotherapy basedon the response; data show that con-
tinuing chemotherapy beyond 12 weeks usually does not
yield continued tumor shrinkage.70,95 NSS is recom-
mended to preserve as much renal function as possible,
if feasible, including (1) a partial nephrectomy on both
sides; or (2) a total nephrectomy and a contralateral partial
nephrectomy. In either case, regional lymph node sam-
pling should be performed. At week 6 of VAD, the tumors
are reimaged and depending on the response, patients
(1) have no surgery if there was a complete response to
VAD; (2) have bilateral partial nephrectomies at week 6 if
the tumors are now resectable; or (3) continue with VAD
for a total of 12 weeks if the tumors are still unresectable.
If there is a less thanpartial response atweek 6, renal biop-
sies in both kidneys are recommended to determine the
histology—FHWT or WT without evidence of anaplasia—
before continuing with VAD.

After pathology confirms that patients have FHWT,
staging and histology (ie, blastemal predominant) are
used toselect further therapy.Useofmolecularbiomarkers
to direct therapy has not been studied in this setting.
Patients switch to regimen EE4A, DD4A, or regimen I,
depending on the risk assessment. If a biopsy was done,
a tumor is considered to be stage III for determining the
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adjuvant chemotherapy regimen. Switching to regimen
EE4A is recommended for patients with stage I FHWT
withoutblastemalpredominanthistology, thosewith stage
II FHWTwith complete necrosis, or those with a complete
response at 6 weeks of neoadjuvant chemotherapy.
Switching to regimen DD4A is recommended for patients
with (1) stage II or III FHWT without blastemal predomi-
nant histology; or (2) stage I FHWT with blastemal pre-
dominant histology. Augmented therapy with regimen I
is recommended for patients with stage II or III FHWT
with blastemal predominant histology, because they are
at greatest risk.

RT is often given 10 to 14 days after surgery; the
patient’s age andother factors are consideredwhendecid-
ing about the timing ofRT. Local stage III refers to the stag-
ing at the primary tumor, regardless of metastases, and is
used to determine the need for flank RT or WAI (see
“Principles of Radiation Therapy for FHWT” [WILMS-H]
in thealgorithm).Upfrontbiopsydoesnotupstagea tumor
to stage III for determining whether to give RT. Neoadju-
vant chemotherapy is not a criterion for upstaging to stage
III in this setting. Patients with a complete response at 6
weeks of neoadjuvant chemotherapy do not need RT.

Metastatic Bilateral Renal Tumors With or Without a
Predisposing Condition
Neoadjuvant therapy with the VAD regimen is recom-
mended for children with metastatic bilateral renal
tumors with or without a predisposing condition.61

Upfront biopsy or resection is discouraged in this set-
ting. At week 6 of VAD, the tumor is reimaged and
depending on the response, patients (1) have no surgery
if therewas a complete response to VAD; (2) have partial
nephrectomy atweek 6 if the tumors are now resectable;
or (3) continue with VAD for a total of 12 weeks if the
tumors are still unresectable. If there is a less than par-
tial response at week 6, the tumor should be biopsied

to confirm a diagnosis of FHWT (or WT without evi-
dence of anaplasia) before continuing with VAD. Sur-
gery is done at either 6 weeks or 12 weeks after
neoadjuvant chemotherapy based on data showing
that continuing chemotherapy beyond 12weeks usually
does not yield continued tumor shrinkage.70,95 NSS is
recommended to preserve as much renal function as
possible, if feasible, including (1) a partial nephrectomy
at one or both sides; or (2) a total nephrectomy and
a partial nephrectomy on the contralateral side. In
either case, regional lymph node sampling should be
performed.

After pathology confirms that patients have FHWT,
histology (ie, blastemal predominant) is used to select fur-
ther therapy. Patients switch to regimenDD4A or regimen
I, depending on the risk assessment. Switching to regimen
DD4A is recommendedforpatientswithoutblastemalpre-
dominant histology or thosewith a complete response at 6
weeks of neoadjuvant chemotherapy. Augmented therapy
with regimen I is recommended for patients with blaste-
mal predominant histology, because they are at greater
risk. Use of molecular biomarkers to direct therapy has
not been studied in this setting.

RT is often given 10 to 14 days after surgery; the
patient’s age andother factors are consideredwhendecid-
ing about the timingof RT. Local stage III refers to the stag-
ing at the primary tumor, regardless of metastases, and is
used to determine the need for flank RT or WAI (see
“Principles of Radiation Therapy for FHWT" [WILMS-H]
in thealgorithm).Upfrontbiopsydoesnotupstagea tumor
to stage III for determining whether to give RT. Neoadju-
vant chemotherapy is not a criterion for upstaging to stage
III in this setting. Patients with a complete response at 6
weeks of neoadjuvant chemotherapy do not need RT.
Whole lung irradiation is administered in patients with
lung metastases, and extrapulmonary metastatic sites
may also require radiation.
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