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Metastatic Wilms’ Tumor
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30.1 Introduction

The remarkable success story that is the treatment
of Wilms’ tumor (WT) over the years is in a large
measure due to the comprehensive treatment of
metastatic disease, to the extent that even widely
disseminated WT has a treatment success rate of
70-80%—a feat unmatched in the treatment of
any other solid tumor [1, 2]. Fortunately, WT is
usually picked up early by the parents, and only
about 11-17% of tumors are diagnosed with
metastasis at presentation, in contrast to tumors
such as neuroblastoma, in which two-thirds of
whom may have metastatic disease at presenta-
tion [3-5]. Regrettably, the presence of metasta-
ses does decrease the overall survival (OS) and
increases incidence of relapse, apart from long-
term side effects like cardiac dysfunction, muscu-
loskeletal problems, and risk of second malignancy
[6, 7]. The current research strongly focuses on
ways to treat the metastasis aggressively while at
the same time avoiding unnecessary chemother-
apy (ChT) or radiation (XRT) so as to decrease
the undesirable long-term sequelae. To this end,
there has been a constant endeavor to use investi-
gations of increasing sensitivity or find new meth-
ods to diagnose and quantify smallest of
metastases and tailor treatment intensity accord-
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ing to their biological potential. Over the years,
there have been refinements in the investigations,
such as adoption of non-contrast computerized
tomography (NCCT) chest as the primary investi-
gation for pulmonary metastases, instead of sim-
ple chest X-ray (CXR) and attempts to chart the
biological characteristics of the tumor to fathom
the metastatic and response potential. The
research is also aiming to stratify risk groups in
metastatic disease based on the biological features
of the tumor. Loss of heterozygosity (LOH) at 1p
and 16q and gain of chromosome 1q are impor-
tant targets in this endeavor [8—10].

30.2 Pathophysiology

Metastatic WT, also categorized as stage IV WT,
is defined as the presence of hematogenous
spread of the tumor to the lungs, liver, brain,
bones, or extra-abdominal lymph nodes (LNs).
The lung is the most common site of metastases
(80%), followed by the liver. Brain and bone
metastases are unusual in classical WT and rather
indicate an alternative diagnosis like malignant
rhabdoid tumor of the kidney (MRTK), with pre-
dominantly brain metastasis, or clear cell sar-
coma of the kidney (CCSK), with predominantly
bone metastasis [4, 11]. Metastasis is indepen-
dent of the local size and stage of tumors and may
be present in local stage I tumors also. Biological
factors, which are just being investigated, may
have a role in the propensity of a tumor to
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metastasize. Few studies have demonstrated that
metastases from WT contained predominantly
blastemal component with lesser amount of dif-
ferentiated elements [12]. It is also proposed that
intensive ChT and XRT may initiate differentia-
tion in these metastatic nodules and cause matu-
ration or fibrosis in at least some of the patients,
which is the rationale behind requirement of his-
tological confirmation in nodules persisting after
chemotherapy and radiation [1, 12]. However, it
needs to be noted that this is not a universal phe-
nomenon and may depend on the biological char-
acteristics of the tumor.

30.3 Metastasis to Other Sites

Though this chapter largely describes the man-
agement of pulmonary metastasis as the lung is
the most common site, the same principles of
management apply to the other metastatic sites. It
is to be remembered though that metastasis to less
common sites such as the brain and bone or rarely
the pancreas, spine, gonads, etc. should prompt
histological confirmation of the primary tumor.
Unusual sites of metastasis in classical WT
have rarely been reported. This includes the spi-
nal canal, pancreas, and gonads [13]. The mecha-
nism of such spread is not clear, but some
evidence of it being lympho-vascular and peri-
neural/intraneural (in case of spinal spread) has
been reported [14]. Though general principles of
management remain the same largely, modifica-
tions of investigations and treatment may be
required according to the unusual sites. In par-
ticular, the metastasis at unusual sites may need a
preferential treatment with surgical excision in
addition to the adjuvant chemotherapy and radio-
therapy. Some symptoms such as spinal compres-
sion may need rapid alleviation, and response to
chemotherapy may not be predictable [14].

30.4 Diagnosis

Pulmonary metastases, if extensive, can cause
cough, tachypnea, and respiratory distress,
whereas liver metastasis may cause ascites, ana-

sarca, abdominal pain, prominent abdominal
veins, and hepatomegaly or coagulation disor-
ders. Bone pains, seizures, headache, and vomit-
ing are rare occurrences due to metastasis in
typical WT. However, usually no specific symp-
toms are attributable to the metastatic disease,
and each child needs to be actively investigated
thoroughly to confirm metastasis. Since 80% of
metastases are to the lungs, a CT chest is there-
fore aroutine partof work-up of WT. Investigations
for metastasis at other sites are guided by the
presence of symptoms.

30.4.1 CT Chest

Before the National Wilms Tumor Study
(NWTS)-5 and SIOP 2001, CXR was the recom-
mended investigation to look for pulmonary
metastasis, and a chest CT was optional. Only the
nodules clearly demonstrated on a CXR were
treated as metastatic disease. With increasing use
of CT by the turn of the century, there arose a dis-
tinct cohort of children with small lung nodules
<10 mm, demonstrable on a CT, but not visible on
plain CXR, and thus arose the dilemma of CT-only
nodules. The reason for dilemma regarding the
treatment of CT-only nodules arises from the fact
that 17-26% of these may actually be benign, inci-
dentally detected lesions such as lung scars or
granulomas. Additionally, there is a lot of inter-
reader variability among the reporting radiologists
regarding these small-sized nodules [15-18].
Studies from the National Wilms Tumor Study
Group (NWTSG) comparing the outcomes of
treatment of patients with CT-only nodules
treated as metastatic vs. localized disease found
that addition of doxorubicin (DOX) improved the
event-free survival (EFS) in the group treated as
metastatic disease, but there was no difference in
the EFS and OS in those treated with radiother-
apy (XRT). This was found to be due to increased
events in the form of second malignancies [4,
16]. These studies also found that the patients
with CT-only nodules treated as localized disease
had a very high incidence of lung recurrence to
the tune of 79%, suggesting that the pulmonary
metastatic disease was being undertreated. The
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second UK Children’s Cancer Study Group
Wilms’ tumor study (UKW2) and SIOP 2001-
RTSG analysis also report similar findings. It was
seen that stage I patients treated as localized dis-
ease only, even in the presence of CT-only
nodule(s), had a higher relapse rate [19, 20].

These findings confirmed the hypothesis that
even CT-only nodules would have to be treated as
metastases, even though there may be a slight
chance that these may be some benign lesions
such as lung granulomas in a small percentage of
cases. Thus, CT chest is now the recommended
investigation to look for pulmonary metastasis in
all WT treatment protocols.

To decrease the possibility of benign pulmo-
nary lesions being overtreated as metastases, cer-
tain radiological criteria have been defined. The
COG group considers lung nodules as metastatic
disease if they were round, non-calcified, and not
in a pulmonary fissure [1]. To improve the accu-
racy of diagnosis and remove subjectivity, it also
recommends all CT scans to be centrally reviewed
in the beginning and to assess the response to ther-
apy. Though it has correlated the treatment
response rates according to size of nodules also
and found best response in nodules <3 mm, how-
ever, it does not define size criteria for the pulmo-
nary nodules to be considered metastatic [1]. On
the other hand, SIOP-RTSG UMBRELLA proto-
col considers lung nodules as metastatic disease
only if >3 mm in maximum transverse diameter
[2]. The UKCCLG group finds CT chest desirable
to look for metastases but recommends clinician
decision in conjunction with central expert review
to confirm the relevance of any positive findings
and assess response [21].

30.4.2 CT Chest for Response
Assessment

The response of metastatic disease to ChT needs
to be carefully assessed as further treatment
depends on it. This is done by repeat CT chest at
week 6 of ChT.

In the NWTS/COG protocol, those with com-
plete response (CR) of lung nodules at this stage

are labeled as rapid complete responders (RCR).
They are treated with three-drug ChT; lung XRT
can be avoided in these patients, subject to cer-
tain biological criteria (no LOH at 1p and 16q
and no gain of 1q). Those with slow response or
progressive disease (PD) are labeled as slow
incomplete responders (SIR) and are treated as
per Regimen M and whole lung irradiation
(WLI) [1].

SIOP also notes disappearance of pulmonary
nodules at 6 weeks as an important factor to
decide further treatment. However, it stratifies
the subsequent treatment further based on his-
tology of primary and metastatic tumors, nodule
size, and response to the preoperative ChT or
surgery [2].

30.4.3 Volumetric Assessment

The volumetric assessment of residual primary
tumor post-ChT by MRI is now an important part
of UMBRELLA protocol [2]. There are sugges-
tions that volumetric assessment of pulmonary
nodules at the beginning of therapy and post neo-
adjuvant ChT may also help in a more accurate
response assessment [2, 21]. However, more
studies are required in this aspect before its use-
fulness is documented.

30.4.4 CECT Abdomen

This essential investigation for primary tumor
assessment also helps in picking up liver metasta-
ses that are present in 2% of WT. The number of
metastatic nodules, lobes involved, and the
remaining healthy liver parenchyma should be
noted. Unusual metastases such as pancreatic and
gonadal may also be revealed [2, 21].

30.4.5 MRI Head and Spine

MRI head and spine needs to be done in case of
suspicion of central nervous system metastases
[2,21].
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30.4.6 Bone Scan and Skeletal
Survey

Suspected bone metastases should be investi-
gated for site and number by nuclear scans and
X-rays. This is required only in patients with
clinical symptoms suggestive of bony metasta-
ses like bone pains, pathological fractures, etc.
Importantly, the primary tumor should be reex-
amined for alternative pathology like CCSK
[2, 21].

30.4.7 Biological Studies

In COG protocol, certain biomarkers, namely,
loss of heterozygosity (LOH) at 1p and 16q and
chromosome gain at 1q, have a crucial role to
decide treatment of metastatic nodules [22].
Even in RCR with CR of nodules at 6 weeks,
LOH at 1p and 16q mandates aggressive treat-
ment with Regimen M and WLI. In the
ARENO0533 study, even after CR and aggressive
treatment as detailed above, the 4-year EFS was
significantly lower for patients with 1q gain.
However, RCR with LOH at 1p and 16q, treated
aggressively with upgraded Regimen M and
XRT, showed similar outcomes to those patients
without LOH (Table 30.1) [1].

30.4.8 Biopsy

Histological confirmation of metastatic disease is
a controversial issue. On one hand, it is desirable
to confirm metastases to prevent overtreatment in
incidental lesions such as lung granulomas. On

Table 30.1 Outcomes according to 1q gain status [1]

the other hand, it increases morbidity, and if done
at the beginning of therapy, it prevents response
monitoring and the possibility of omission of
lung XRT in cases of CR [11]. Approximately
17-26% of the pulmonary nodules may be proven
benign by biopsy [15]. In fact, for this reason,
COG recommends full upgradation with three-
drug regimen and XRT in patients in whom pul-
monary nodules are fully resected at the beginning
of therapy and found to be true metastases. These
patients may have been RCR and could have
avoided DOX and WLI but, in the absence of any
remaining lesion to monitor response, have to be
treated with full metastatic regimen.

The histological confirmation of persistent
pulmonary lesions after 6 weeks of ChT is
deemed desirable, but not mandatory, by the
COG. In the ARENO0533 study, 16 out of 175
patients with persistent lung nodules on CT
underwent lung nodule biopsy and were classi-
fied as having CR on the basis of the biopsy
results [1].

On the other hand, the UMBRELLA protocol
recommends mandatory resection of any persis-
tent pulmonary nodules to be done at week 10 of
ChT. In fact, this is recommended not just for his-
tological confirmation, but the intent is to achieve
complete clearance of the pulmonary metastatic
disease. WLI is then given only in stage II-IV,
high-risk tumors or in those where complete sur-
gical resection was not possible [2]. UKCCLG
has similar recommendations [21].

In all the protocols, any pulmonary nodules
that persist after completion of all ChT and XRT
need surgical removal.

Unusual metastatic sites like the pancreas may
require a biopsy to confirm the metastasis.

4-year EFS % 4-year OS %
Group No. (%) (95% CI) P (95% CI) P
Incomplete lung nodule response
1q gain+ 42 (36.2) 86 (72.2 t0 99.3) 0.15 93 (83.1 to 100) 0.45
1q gain— 74 (63.8) 92 (84.4 10 99.8) 96 (90.4 to 100)
Complete lung nodule response
1q gain+ 21(21.9) 57 (73.4 to 100) 0.001 89 (73.4 to 100) 0.16
1q gain— 75 (78.1) 86 (73.4 to 100) 97 (73.4 to 100)
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30.4.9 18F-Flourodeoxyglucose
(18F-FDG) Positron Emission
Tomography (PET)-CT

Though FDG-PET is not currently the standard
of care for WT, it has potential to be a very useful
noninvasive investigation, especially in meta-
static disease. WT is 18F-FDG avid, and it can be
a useful adjunct to conventional imaging in
monitoring response to preoperative ChT. It is
possible that SIR with doubtful remaining lesions
where biopsy is recommended currently to con-
firm the metastatic activity may be able to avoid
surgical biopsy depending on the 18F-FDG avid-
ity, which corresponds to histologically con-
firmed active disease [23].

30.5 Management

The entire focus of metastatic WT management
is to attempt regime intensification while mini-
mizing secondary and long-term effects of the
treatment. The analysis of patients with meta-
static disease in NWTS-4 and NWTS-5 and SIOP
2001 revealed that though intensification of ChT
and XRT increased cure rates, it did not lead to
better OS or EFS in all patients due to increased
toxic late effects [6, 7]. Thus, the ARENO0533
protocol by COG and UMBRELLA protocol
were specifically designed to take into account
the stratification of treatment based on the bio-
logical behavior of the metastatic disease. Rather
than just the presence of metastatic disease, the
response of the metastasis to preoperative ChT
guides the intensity of the treatment and also the
outcomes. Timely monitoring of response thus
becomes imperative.

The following section describes the treatment
of the lung metastases, but the same principles
apply to metastases elsewhere too.

30.5.1 COG Protocol

The ARENO0533 study outlines the COG prin-
ciples of metastatic disease treatment. The

study design was inspired mainly by the analy-
sis of patients with CT-only nodules in
NWTS-4 and NWTS-5 studies, where a better
outcome was achieved with a three-drug treat-
ment, but more late effects toxicity was seen
with addition of XRT. This study then sought
to provide differential treatment to patients
with metastatic disease depending on their
response to initial ChT, thus decreasing toxic-
ity in a large proportion of cases.

After confirmation of metastatic disease, all
patients are started on three-drug regimen with
vincristine (VCR), actinomycin-D (AMD), and
DOX (preop cumulative dose of 45 mg/m?) over
6 weeks [1].

The RCR are further treated according to the
biomarker status. Those without LOH at 1p/16q
continue receiving 3 drugs for 19 more weeks
(total 25 weeks) with a cumulative DOX dose for
the entire therapy of 150 mg/m? The SIR and the
patients with radiological CR but positive for
LOHI1p/16q receive the upgraded Regimen M—
four doses of cyclophosphamide (CTX) and eto-
poside (ETOP) in addition to VCR, AMD, and
DOX; total ChT is of 31 weeks in addition to
WLI. Reassessing the lung nodules and withhold-
ing XRT in the RCR avoid lung XRT in around
40% of patients [1]. Biopsy of lung lesions in SIR
is strongly recommended. Any residual metastatic
lesion after completion of ChT and XRT needs to
be surgically removed. Abdominal XRT is admin-
istered if the tumor is local stage III. When both
WLI and whole abdomen irradiation (WAI) are
given, the radiation fields overlap at the margins
to prevent inadequate dosing at the junction.

The recommendations for XRT according to
the COG ARENO0533 (NCT00379340) study are
as in Table 30.2. XRT should be started prefera-
bly within 14 days of nephrectomy, and AMD
and DOX should be withheld during the duration
of XRT.

The treatment protocol for metastasis at any
other site remains same as for lung nodules.
Pulmonary metastases as also the metastases at
any other site too, remaining after the completion
of therapy, need to be surgically removed if
possible.
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Table 30.2 Recommended radiotherapy doses for metastatic sites in WT under COG treatment protocol (Source:

ARENO0533 NCT00379340 study trial document) [1, 38]

Brain
(whole =+ boost)
Lung (whole + boost) (total/ Liver (whole + boost) (total/fraction Bone (total/ Unresected LLN
fraction dose) (total/fraction dose) dose) fraction dose) metastasis
12.6 Gy/1.8 Gy 9.0 Gy/1.8 Gy | 10.8 Gy/1.8 Gy (whole |21.6 Gy/1.8 Gy |25.2Gy/1.8 Gy | 19.8 Gy/1.8 Gy
(boost to gross residual disease) | liver) £ 9.0 Gy/1.8 Gy | (whole (lesion +3 cm) | (entire nodal
(boost to gross residual | brain) + 0.8 Gy region)
disease) (boost to gross
residual disease)

30.5.2 SIOP-RTSG UMBRELLA 2016
Protocol

Like the COG protocol, the SIOP-RTSG
UMBRELLA 2016 protocol recommends
6 weeks of preoperative ChT with three drugs—
VCR, AMD, and DOX—followed by response
assessment by CT. There is difference though in
the cumulative dose of neoadjuvant DOX which
is 100 mg/m? in this protocol compared to 45 mg/
m? in the COG protocol. Further treatment is
stratified according to the disappearance of pul-
monary nodules, size, and histology of pulmonary
nodules if persistent, tumor histology, and local
tumor stage. In the best-case scenario, that is,
complete disappearance of the metastatic tumor
along with low- or intermediate-risk stage [-III of
primary tumor, lung XRT is avoided and DOX is
given at the cumulative dose of 150 mg/m?. For
the rest of the patients, detailed guidelines are
provided for the stratification of postoperative
ChT, in which the cumulative dose of DOX is kept
as low as possible to reduce cardiac toxicity. This
involves stratifying patients to VCR and AMD
plus DOX either with a cumulative DOX dose of
150 mg/m? or VCR, and AMD plus DOX with
cumulative DOX of 250 mg/m?, or a four-drug
regimen including ETOP (150 mg/m*/day), car-
boplatin (CARB) (200 mg/m%*day), CTX
(450 mg/m?%day), and doxorubicin (cumulative
dose 300 mg/m?). The detailed stratification and
treatment plan post neoadjuvant ChT and nephrec-
tomy are tabulated in another chapter.

The UMBRELLA protocol also strongly
encourages resection of any residual metastatic
disease by week 10. This gives us a correct histo-

logical picture and avoids further treatment inten-
sification in benign lesions. Also, it achieves
complete surgical clearance of disease in a large
number of cases and help to avoid therapy inten-
sification and consequent late effects. This
approach has eliminated the requirement for WLI
in 59-67% of patients [2].

Metastatic disease resection should be carried
out as soon as possible after nephrectomy and
preferably before the start of postoperative
ChT. Though extensive surgery can be done to
completely eliminate metastatic disease, poten-
tially mutilating surgeries need to be avoided.
Thus, whereas wide wedge resections of the lung
and liver, segmentectomies, and even lobecto-
mies are acceptable, pneumonectomy should be
avoided. Metastasis outside the lung and liver
should be resected as far as possible while avoid-
ing damage to vital organs [2].

The XRT protocol in UMBRELLA protocol is
in broad accordance with the COG protocol
(Table 30.3). In SIOP 2001, the WLI dose was
15 Gy, which was decreased to 12 Gy. This was
done considering the previous NWTS experience
of high EFS and OS (72% and 78%) for favorable
histology (FH) tumors with only 12 Gy XRT to
the lungs [24].

30.5.3 UKCCLG Protocol

The UKCCLG protocol is similar to the
UMBRELLA protocol in terms of stratifying the
postoperative treatment on the basis of residual
metastatic disease and tumor histology. It uses
similar drugs and dosages [21].
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Table 30.3 Radiotherapy guidelines in UMBRELLA-SIOP-RTSG 2016 for metastatic disease [2]

Lung (whole + boost)
(total/fraction dose)

Liver (whole = boost)
(total/fraction dose)

Brain (whole =+ boost)
(total/fraction dose)

Bone (total/
fraction dose)

Low-risk No No No No
Intermediate- | 12.0/1.5 Gy 14.4/1.8 Gy 15.0/1.5 Gy 30.6/1.8 Gy
risk (= 10-13 Gy)* (+10.8/1.8 Gy)* (= 10.8/1.8 Gy)*

High-risk 15.0/1.5 Gy 19.8/1.8 Gy 25.2/1.8 Gy 30.6/1.8 Gy

(+ 15-20 Gy)*

(+ 16.2/1.8 Gy)*

(+ 10.8/1.8 Gy)*

“Boost dose indicated for residual tumor at the time of XRT only

30.6 Management of Unfavorable
Histology Metastatic WT

There is a subgroup of children with unfavorable
histology (UH) of the primary tumor (focal or
diffuse anaplasia) and metastases. Further treat-
ment intensification is required in these patients.
In NWTS-5, these children were treated with
Regimen [VCR, DOX, CTX, and ETOP. The
4-year EFS treated such was 55% [25, 30]. In the
ARENO0321 study by COG, designed for high-
risk unfavorable histology stage II-IV, diffuse
anaplasia WT showed that regimen UH-1, a more
intensive regimen containing CARB in addition
to agents used in Regimen I (CTX, CARB, ETOP,
and VCR-AMD-DOX plus XRT for 30 weeks)
for patients with stage II-IV and focal anaplasia,
and regimen UH-2 (UH-1 plus VCR and irinote-
can) for patients with stage II-IV and diffuse
anaplasia, improved EFS (69%, 95% CIL:
56-80%) [25]. This however comes at the cost of
significant toxicity to cardiac, respiratory, and
musculoskeletal system along with a high risk of
second malignancy. This high toxicity decreases
the overall EFS and OS and is stimulating further
research for therapies with more favorable thera-
peutic benefit ratio. The novel approaches are
aimed at targeting the tumor via biological thera-
pies rather than intensifying ChT and XRT, which
seem to have reached a plateau of therapeutic
benefit vs. side effects [26, 27].

The UMBRELLA protocol is also broadly
consistent with the above approach for the
high-risk metastatic tumors though this is one

of the areas that the current ongoing study
envisages to prospectively collect data on.
High-dose ChT followed by autologous stem
cell transplantation is also a suggested approach
at the discretion of the treating physician, but
the outcomes need to be further studied [28].

30.7 Response, Outcomes,
and Late Effects

The ARENO0533 study reported CR in 42% of
the participants after 6 weeks of neoadjuvant
ChT, and lung XRT could be avoided in these
patients. The proportion of patients achieving
CR at week 6 correlated with the initial maxi-
mum lung nodule size: The response rates were
22% CR for nodule size >10 mm, 59% CR for
nodule size 6 to 10 mm, 69.2% CR for nodule
size 3-5 mm, and 86.2% CR for nodule size
1-2 mm. Also, the response rates depended on
the total number of lung nodules: 17.6% for
>10, 42.3% for 6-10, 59.5% for 2-5, and 72.9%
for a solitary nodule [1].

In contrast, 61-67% of patients have complete
metastatic response before surgery following the
SIOP protocol. An additional 17% achieved CR
by surgical metastectomy [29]. The higher rates
of CR in SIOP are probably due to higher dose of
DOX in the preoperative ChT (100 mg/m?) as
compared to the COG protocol (45 mg/m?). Also
the fact that SIOP allows pulmonary CR to be
achieved by surgical metastasectomy definitely
improves the response rates.
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30.7.1 Outcome

In the COG ARENO0533 study, the EFS and OS in
metastatic disease with CR at 6 weeks were 80%
and 98.3%, respectively, whereas in SIR, it was
88% and 92%. The lower-than-expected EFS in
RCR, though not significant, is thought to be due
to the adverse effect of 1q gain, which can be
overcome by Regimen M used in SIR. The out-
come of high-risk anaplastic stage IV tumors
treated with UH1 or UH2 was expectedly poorer
with an OS of only 46% [30].

30.7.2 Late Effects

The persisting concern with the intense regimen
used in metastatic disease is the possibility of late
effects. Regimen M, notably, can lead to an
increased risk of secondary leukemia associated
with CTX and ETOP [31, 32]. There is also a risk
of infertility, particularly in boys, related to the
use of CTX, which has a cumulative dosage of
8.8 g/m? on Regimen M [33].

Lung XRT is an important factor leading to
delayed cardiorespiratory failure, pulmonary
fibrosis, breast cancer, and musculoskeletal prob-
lems in survivors. With the current concept of
treatment stratification, fortunately this can be
avoided in 40-60% of cases. It is estimated that
there is a substantial increase in premature deaths
(22.7% as compared to 5.4%) in WT survivors
30-50 years after treatment. This is attributable
mainly to secondary neoplasms and cardiac ill-
ness, related primarily to XRT [34].

The presence of liver metastases at diagnosis
is not an independent adverse prognostic factor in
patients with stage IV WT [35].

30.8 Follow-Up

Meticulous and strict follow-up of recovered
patients is imperative to detect early relapses. In
addition to routine clinical examination and
abdomen ultrasound every 3 months, a chest
X-Ray (both AP/PA and lateral view) is recom-
mended 3 monthly for the first 2 years for patients

that recovered from metastatic disease. In high-
and intermediate-risk cases, the CXR needs to be
done 2 monthly. A NCCT chest is recommended
after the end of therapy, if complete clearance of
metastatic disease was not documented after the
neoadjuvant treatment [36]. Six-monthly serum
creatinine and 2-yearly echocardiography are
also essential to look for delayed effects of treat-
ment. Patients receiving bone irradiation for bony
metastasis also need to undergo a yearly X-ray
till full growth followed by a 5-yearly spine and
pelvis X-ray thereafter [37].

30.9 Future Directions

Even though we have come a long way in treat-
ment of WT, a large amount of work remains to
be done to improve the quality of life of WT sur-
vivors, especially in metastatic disease.

A very important aspect to be studied is the
effect of 1q gain, especially in RCR currently
being treated only with three-drug regimen and
showing more events than expected and conse-
quently a lower EFS of 80% compared to the tar-
geted 85% EFS. Both the COG and UMBRELLA
protocol aim at collecting more data about the
biomarkers, especially 1q gain and their effect on
treatment and outcomes.

High-dose ChT followed by autologous stem
cell transplant is an approach showing positive
outcomes in many pediatric malignancies and is
now being tried in metastatic WT too. Though
presently this option rests with the treating physi-
cian and the local facilities, it is envisaged to
assess this option very seriously.

Another important area of work is the treat-
ment of focal or diffuse anaplastic metastatic
WT. Currently being treated with Regimen UH1
or UH2, the treatment is handicapped by the
severe side effects of these regimens, and there is
a constant effort to attempt dose reduction or
replace drugs such as irinotecan with those hav-
ing higher benefit/side effects ratio.

Recently, dendritic cell-based immunother-
apy against the WT1 gene protein is being inves-
tigated as a potential new targeted therapy,
especially for disseminated/relapsed cancers
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which have exhausted all other possible treat-
ment approaches. The vaccine against the WT1
gene protein is hypothesized to act by encourag-
ing an immune response by the host’s dendritic
cells against the cancer cells containing the
WT1 protein. Though this is in a very nascent
stage, more research into this may present an
entirely revolutionary treatment option in the
future [39].

30.10 Conclusions

Whereas almost 100% survival has been achieved
in stage I and II WT, nevertheless treatment of
metastatic WT is still work in progress. After the
initial rapid strides in the EFS and OS with stron-
ger ChT drugs and higher doses, along with XRT,
there is now a pause in further improvement
owing to the unwanted short- and long-term
harmful effects of the therapy. Treatment stratifi-
cation based on response in all the protocols has
definitely helped in choosing the patients requir-
ing treatment intensification while ensuring opti-
mum results with less toxic therapy in others.
However, this stratification begs for additional
refinement, and further progress will depend on
identification and understanding of biomarkers
affecting tumor behavior.
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