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Wilms tumor (WT) is one of the most common renal malignancies in children, 
comprising about 5% of all childhood cancers. If diagnosed early, WT responds 
well to appropriate interventions such as surgical resection, chemotherapy and 
radiotherapy, with a 5 year survival higher than 85%. In this review, we will 
describe the first-line treatment options for WT, discuss controversies related to 
particular modes of therapy, and highlight promising advances in molecular 
biology that may serve as effective therapeutics in the near future. Current 
treatment protocols for WT include nephrectomy followed by postoperative 
chemotherapy with or without preoperative chemotherapy. Though both are 
acceptable forms of treatment, preoperative chemotherapy prior to tumor 
resection has been shown to reduce tumor size and decrease the risk of 
intraoperative tumor rupture. Preoperative transcatheter arterial 
chemoembolization has also been shown to improve tumor resections and 
relapse-free survival rates, potentially providing an additive method to improve 
WT outcomes. Radical nephrectomy is the mainstay surgical treatment for WT, 
however evidence suggests that partial nephrectomies may be an equally viable 
option. Radiotherapy traditionally utilizes the anteroposterior-posteroanterior 
field technique, but recent advances have allowed for tumor-specific targeting and 
sparing of non-neoplastic tissues using intensity-modulated radiation therapy and 
volumetric-modulated arc therapy. Lastly, potential targets for future therapy 
include the β-catenin pathway, which has been found to be important in the 
development of WT, in addition to advances in applying microRNA, M6620, 
and stem cell therapy. 

1. Introduction 
Wilms tumor (WT), or nephroblastoma, is one of the most common renal 
malignancies encountered in the pediatric population. According to Szychot et 
al., WT comprises about 5% of all cancers typically diagnosed in childhood.1 

The median age of WT manifestation is 3.5 years, and slight variations exist 
depending on ethnicity, gender, and genetic factors.1 Although many aspects 
of this disease remain unclear, strong correlates and risk factors have been 
identified that may predispose to and predict the development of WT. If 
diagnosed early, WT has been shown to respond well to appropriate 
interventions, in particular surgical resection, chemotherapy, and radiation 
therapy, with survival at 5 years being above 85%.1,2 Although rare, cases of 
the adult form of WT typically have worse outcomes than traditional pediatric 
cases, primarily due to misdiagnosis as renal cell carcinoma, which in turn 
delays providing treatment specific for WT.1 The purpose of this review is to 
provide updates regarding mainstay treatment options, highlight controversies 
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in the medical field regarding the order of therapeutic protocols, as well as 
discuss new therapeutic advances and discoveries that may help identify 
efficient treatment targets for WT in children and adults. 

2. Background 
2.1 Pathology 
WT is considered to be derived from embryologic precursor lesions of the 
kidney called nephrogenic rests (NRs), which are noticed to have neoplastic 
changes. Two types of NRs are generally observed: intralobar (ILNRs) and 
perilobar (PLNRs). ILNRs can be located diffusely in the renal lobes, while 
PLNRs are typically found in the peripheral regions of the renal lobes. The 
predominance of each type of NRs has been shown to vary among different 
ethnic groups. 

WT is known to be composed of three cell types: blastema, epithelium, and 
stroma. Identifying blastema cells is particularly important because a higher 
ratio of blastemal cells in WT classifies it as high risk.1 Several conventions 
exist on how to classify tumors based on histology, but WT is most often 
categorized into two groups, favorable histology and unfavorable histology/
anaplastic, based on the presence or absence of favorable outcomes produced 
by chemotherapy. Focal anaplasia is generally considered intermediate to high 
risk and easier to target than diffuse anaplasia.1 

In addition to the two categories for WT histology described above, the 
International Society of Paediatric Oncology (SIOP) and Children’s Oncology 
Group (COG) have developed a separate set of criteria that focuses more on 
the progression of WT, referred to as staging. Staging of WT, ranging from 
Stage I to Stage V, primarily depends on size, invasion into neighboring organs 
and vasculature, and unilateral or bilateral renal involvement. At Stage V, both 
kidneys have become involved and surgical resection is no longer an option. 
Furthermore, WT classification divides cases into two subclasses based on age 
and the likely histological manifestations. Type 1 WT primarily affects young 
children, and has characteristics of ILNRs and stromal cells.1 Contrarily, type 
2 WT typically manifests in older adults and contains PLNRs.1 

2.2 Genetics 
Genetics is thought to play a major role in determining the course of WT. 
According to Popov et al., anaplastic tumors are known to have an inactivated 
TP53 gene, which plays a role in the development of many other types of 
cancers aside from the kidneys.3 In addition, a number of genes are thought 
to strongly correlate with the development of WT. At this time, one of the 
strongest genetic associations in WT is a defect in the WT1 gene, which plays 
many important functions in encoding the respective transcription factor 
WT1 that directs the embryologic development of the kidneys and gonads.1 

Deletion or disruption of WT1 is a strong predisposing factor for WT and 
is often associated with genitourinary abnormalities.1 Moreover, the WTX 
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protein has been found to degrade β-catenin.4 A loss of WTX or an anomaly 
in the gene prevents degradation of β-catenin, leading to the constitutive 
activation of transcription factors further contributing to WT pathology.4 

This will be discussed in more detail later in this paper. Interestingly, certain 
epigenetic changes, namely methylation of associated alleles, and patterns of 
genomic imprinting also determine WT gene expression.1 

2.3 Presentation and Evaluation 
WT typically presents in children less than 5 years old as an abdominal mass 
noted by the parents or by the pediatrician during a routine physical 
examination. While it is often asymptomatic, patients may present with 
abdominal pain, hematuria, and, in some cases, hypertension.1 WT is initially 
diagnosed and observed with ultrasonography, then later confirmed via biopsy 
to assess for characteristic histological patterns. If not treated early on, WT can 
metastasize to other organs, which generally correlates with poorer prognosis. 
Since WT often metastasizes to the lungs, chest X-ray and/or CT scans are 
often recommended so that the appropriate treatment regimen can be given 
immediately to avoid further spread and associated complications. However, 
it is important to consider both the age of the patient and the risk factors for 
metastases in order to avoid unnecessary radiation delivered to a developing 
child.1 

3. Current Chemotherapy Treatments 
3.1 Protocols and Treatment Recommendations 
The treatment protocol for newly diagnosed WT includes a combination of 
nephrectomy, chemotherapy, and radiotherapy based on a variety of factors 
including tumor histology, disease staging, and age of the patient. Currently, 
there are two accepted standards of treatment protocol for newly diagnosed 
WT as recommended by the COG and National WT Study Group 
(NWTSG), and SIOP. COG and NWTS protocols use the approach of initial 
nephrectomy followed by postoperative chemotherapy and radiation based on 
histologic grading and disease staging.5 SIOP, on the other hand, recommends 
preoperative neoadjuvant chemotherapy prior to nephrectomy (except in 
children less than 6 months of age) followed by postoperative chemotherapy 
and radiation.5 It is strongly recommended by all organizations that tumor 
histology is determined after surgical resection and that biopsy prior to 
nephrectomy is not performed except in cases of inoperable tumors and 
unusual clinical presentation.5 As stated in Clinicians’ Practice Point 
guidelines in DynaMed, biopsy prior to nephrectomy or preoperative 
chemotherapy is not recommended for practicing physicians to perform in the 
case of Wilms tumor biopsy due to the risk of abdominal tumor cell spillage 
during biopsy that would result in additional radiation therapy and risk of 
abdominal metastasis.5 Since histologic grading and staging are performed after 
nephrectomy, staging guidelines followed by COG and SIOP differ in the 
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fact that staging is performed prior to postoperative chemotherapy and after 
neoadjuvant chemotherapy, respectively, depending on the treatment protocol 
followed.5 

3.2 Chemotherapy Regimens 
Chemotherapeutic treatment regimens for WT include baseline medications 
of vincristine and dactinomycin for the majority of patients with additional 
agents added depending on the risk of recurrence and severity of disease stage. 
These additional chemotherapeutic agents include doxorubicin, epirubicin, 
cyclophosphamide, etoposide, carboplatin, ifosfamide and irinotecan.5 

Combination therapies provided by COG and SIOP included in current 
treatment protocols have been established as best practice for different WT 
disease stages based on past and ongoing clinical trials to maximize tumor 
elimination and reduce the risk of recurrence.6 The two most current 
innovations in chemotherapy treatment for WT include the use of routine 
preoperative chemotherapy before surgical tumor resection in newly diagnosed 
WT cases and the potential implementation of preoperative renal transcatheter 
arterial chemoembolization (TACE) to improve complete tumor surgical 
resection and reduce relapse risk.7,8 

3.3 Neoadjuvant Chemotherapy 
Treatment protocol for newly diagnosed WT remains a controversial topic 
among international oncology groups, with the main difference between the 
two protocols being preoperative chemotherapy prior to tumor surgical 
resection and histologic staging, verses nephrectomy and histological staging 
prior to postoperative chemotherapeutic treatment, as recommended by the 
SIOP and COG respectively. The main argument in favor of preoperative 
chemotherapy is that it significantly decreases tumor size prior to surgical 
resection which reduces the risk of tumor rupture during surgery. As a result, 
the risk of metastases and tumor recurrence is significantly diminished.7,9 The 
SIOP argues that reduction in tumor size prior to surgery allows for a renal 
sparing surgical approach and decreases the need for postoperative 
chemotherapy and radiation.7 The COG recommends an initial nephrectomy 
approach without preoperative chemotherapy, except in cases of advanced 
disease (e.g. multicentric tumor, bilateral tumor, solitary kidney, or inoperable 
tumors) with the argument being that preoperative chemotherapy alters the 
initial tumor histology and therefore compromises staging information, 
potentially resulting in downstaging of the tumor.5,7 Despite this, it is 
recognized that nephrectomy without preoperative chemotherapy increases the 
risk of tumor rupture during surgery and subsequent relapse from tumor cell 
spillage into the abdominal cavity.7 A separate pediatric oncology society, the 
United Kingdom Children’s Cancer Study Group (UKCCSG) conducted a 
head-to-head clinical trial comparing the treatment protocols developed by the 
COG and SIOP.9 The study found that the use of preoperative chemotherapy 
reduced both the likelihood of surgical complications from intraoperative 
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tumor rupture and the amount of postoperative chemotherapy and radiation 
needed.10 Furthermore, the tumors were more likely to show favorable 
histological changes and decreased staging.7,10 These findings support the 
preoperative chemotherapy treatment protocol for WT set forth by the SIOP. 
Moreover, the UKCCSG now joins the SIOP’s recommendations in ongoing 
clinical trials for WT treatment.7,10 Interestingly, the COG recently conducted 
a clinical trial looking at the effect of combination preoperative chemotherapy 
on reducing preoperative tumor size and the amount of functional kidney 
tissue removed, but the results are still awaiting publication.6 Nonetheless, 
the preliminary results show favorable patient outcomes for patients who had 
preoperative chemotherapy prior to nephrectomy, a finding that may change 
the current treatment protocols for WT in the United States.6 

3.4 Transcatheter Arterial Chemoembolization 
Renal transcatheter arterial chemoembolization (TACE), a technique where 
blood supply to a tumor is blocked using chemotherapeutic agents, has 
recently been used as a newer ancillary treatment approach to improve WT 
resection outcomes. Currently, TACE is not part of the recommended WT 
treatment protocol put forth by the SIOP and COG.5 However, studies 
suggest that TACE should be added as part of the chemotherapeutic treatment 
protocol prior to WT resection because of its favorable outcomes in WT 
patients.8 One such study showed that preoperative TACE in WT patients 
resulted in higher rates of complete tumor removal and relapse-free survival 
compared to preoperative chemotherapy.8 Additionally, the study also found 
that the combination of TACE and preoperative systemic chemotherapy 
achieved even higher rates of resection and relapse-free survival, suggesting 
that the addition of TACE to the current SIOP neoadjuvant chemotherapy 
treatment protocol could prove beneficial in WT patients.8 A more recent 
study even found that TACE was more effective at achieving complete tumor 
resection by inducing higher rates of tumor necrosis, leading to a greater 
decrease in tumor size and improved overall survival rates compared to 
standard preoperative chemotherapy alone.11 From these studies, TACE 
should be further explored as a viable addition to the current WT treatment 
protocols, and may be a future component of treatment guidelines for WT. 

4. Current Partial Nephrectomy Treatment 
Currently, the United States follows the recommendations laid out by the 
COG guidelines, so upfront resection prior to chemotherapy remains the 
cornerstone treatment for WT.5 The most common surgery in WT is radical 
nephrectomy, where the whole kidney, surrounding fat, and adrenal glands are 
removed. Partial nephrectomy, or nephron-sparing surgery, is less common due 
to the concern for local recurrence and the likelihood that the tumor is too 
large once discovered. However, a systematic review of partial nephrectomy 
articles revealed that radical nephrectomy and partial nephrectomy in children 
with WT show similar recurrence rates (12% vs. 11%) and survival rates (85% 
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vs. 88%).12 These results may be inaccurate due to inconsistent reporting and 
small sample sizes of partial nephrectomy cases at most institutions. 
Nonetheless, there have been reported benefits of partial nephrectomies over 
radical nephrectomies in WT, such as a reduced risk for developing severe 
chronic kidney disease.12 Given that current studies seem to support partial 
nephrectomies as a viable surgical option for WT, the next step would be to 
develop guidelines for patient groups that may benefit from such treatment. 

5. Current Adjunctive Radiotherapy Techniques for Favorable 
Histology Stage III-V or Diffuse Anaplastic WT 
Radiotherapy significantly improves the overall survival of patients with WT 
lung metastases, as shown by the NWTS-3 and 4 which found that the overall 
survival rate was 91% after whole lung irradiation compared to 85% with just 
chemotherapy alone.13 According to NWTS guidelines, Stage III favorable 
histology and Stage II-III anaplastic WT should receive abdominal radiation 
of 10.8 Gray (Gy).13 For patients with pulmonary metastases, whole-lung 
radiation of 12 Gy is used.13 Radiotherapy in WT has traditionally been 
accomplished using the anteroposterior-posteroanterior (AP-PA) photon field 
technique where patients receive a uniform dose of radiation to both neoplastic 
and surrounding normal tissue.14 However, with the advent of new image-
guided radiation delivery systems within the past several years, WT can now 
be more precisely targeted in order to limit potential long-term sequelae from 
flank or abdominal radiotherapy. 

5.1 Intensity-Modulated Radiation Therapy 
Intensity-modulated radiation therapy (IMRT) is a technique where photon 
beam intensity is modulated based on the arrangement of the target tissue and 
surrounding organs. It has the ability to decrease the intensity of radiation 
that passes through normal tissue and increase the intensity of radiation that 
passes through neoplastic tissue. IMRT is unique in that it allows clinicians to 
control the 3-dimensional dose distribution from a fixed number of radiation 
fields, ultimately shaping radiotherapy to the geometric conformation of the 
tumor.15 

One recent study evaluated the use of IMRT in cardiac-sparing whole lung 
irradiation across a multi-institutional setting.15 A total of 20 patients with 
lung metastases were recruited into the study, 5 of whom were patients 
diagnosed with WT.15 The results from this study showed a significantly lower 
mean radiation dose to the whole heart and coronary arteries using IMRT, 
but no change in mean dose to the thyroid gland, liver, stomach, spleen, and 
stomach compared standard AP-PA techniques.15 Two-year follow-up after 
radiotherapy revealed no reports of pulmonary toxicity or radiotherapy-related 
lung consolidations.15 This multicenter report was critical for confirming the 
cardio-protective advantage of IMRT over the standard AP-PA radiotherapy 
for lung metastases and is anticipated to be incorporated into upcoming WT 
treatment protocols.15 Despite the seemingly superior results of IMRT 
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treatment, there is still concern for lower dose radiation spillage into normal 
tissue which can result in the late development of secondary malignancies. 
One drawback of this study is the lack of long-term follow-up on patients to 
determine the risk of developing late complications from IMRT, such as heart 
failure, pulmonary disease, and secondary malignant neoplasms.15 

5.2 Volumetric-Modulated Arc Radiotherapy 
Volumetric-modulated arc radiotherapy (VMAT) is considered an extension of 
IMRT in that, likewise, it delivers accurate radiation dose distributions to the 
tumor, but instead of having a fixed plane, the radiotherapy machine can rotate 
360º around the patient. One criticism of IMRT is that its daily treatment time 
is longer than that of non-modulated 3D planning because it requires a higher 
number of motor units to achieve the desired conformal dose distribution 
around the target tissue. This poses an issue for many young children with 
WT in that it increases the need for sedation to prevent movement and 
consequently, inaccurate radiation delivery. Even in patients who are not 
sedated, longer treatment sessions increase the chance for erroneous radiation 
dosage to healthy tissue if the patient moves. VMAT addresses this issue by 
providing more beam entry angles, thereby reducing the number of motor 
units required and decreasing treatment session times. A few case studies have 
been reported using VMAT to treat WT lung metastases in an effort to 
decrease radiation to organs traditionally affected by AP-PA field radiation. 
One such case involved a 3-year-old girl diagnosed with Stage I WT who was 
initially treated with complete resection of the primary tumor and adjuvant 
chemotherapy.14 One month after chemotherapy, CT scans revealed bilateral 
lung metastases which were treated with VMAT whole-lung irradiation using 
a standard total prescription dose of 12 Gy.14 VMAT displayed significant 
advantages over AP-PA field techniques by reducing the mean dosage to the 
heart, liver, and thyroid gland by 3.8 Gy, 3.7 Gy, and 6.6 Gy respectively.14 

Furthermore, radiation delivered by VMAT was well-tolerated and did not 
induce any subsequent treatment-related toxicities.14 This case study 
highlights the utility of VMAT in reducing radiation toxicity to normal tissues 
and organs – a critical advancement that may decrease morbidity and mortality 
rates associated with radiotherapy. 

5.3 Intensity Modulated Proton Therapy 
Similar to IMRT, intensity modulated proton therapy (IMPT) is designed to 
modulate the amount of radiation given to the surrounding healthy tissue near 
a tumor using proton particles instead of photons. The advantage of using 
proton over photon therapy is that protons reduce damage to non-neoplastic 
cells and do not have an exit point, instead stopping once they reach an energy-
dependent distance.16 To our knowledge, there have been no published reports 
or studies that used IMPT in the treatment of WT. However, one research 
group has proposed a pencil-beam scanning (PBS) proton therapy for WT 
patients following nephrectomy.17 Though untested, the idea behind PBS 
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proton therapy is to provide greater control of radiation to concave structures 
in the retroperitoneum while minimizing dosage to surrounding healthy 
tissues compared to AP-PA flank or whole lung irradiation. This study used the 
planning CT images obtained from 11 patients with WT who received AP-PA 
radiation to construct PBS proton therapy plans.17 Compared to the AP-PA 
dosage plans, PBS proton therapy plans had significantly reduced mean doses 
to the contralateral kidney, bowel, and liver, but not the pancreas.17 These 
findings suggest clinical utility for future treatment of WT using PBS proton 
therapy, however more research will be needed to translate this hypothesis into 
reality. 

5.4 Comparing Radiotherapy Treatments in WT 
Regarding WT specifically, there is a paucity of studies comparing image-
guided radiotherapy techniques. One benchmark study involving four WT 
patients demonstrated that IMPT treatment planning was better than that of 
photon beam IMRT at reducing radiation dosage to normal tissue in the low 
to medium dose range, defined as <50% of the dose delivered to the tumor.16 

We believe that one way to address the lack of comparative radiotherapy studies 
in WT is to create a core database that tracks treatment parameters along with 
patient characteristics so that guidelines comparing different image-guided 
planning techniques can be created. 

Another important factor to consider when assessing the clinical value of 
radiotherapy treatments is the type of image modality used to outline the 
margins of a retroperitoneal tumor. MRI-guided radiotherapy has been 
recently introduced into clinics and is suggested to be superior to traditional 
CT-guided radiotherapy due to its higher soft-tissue resolution and radiation-
sparing imaging.18 By using real time MRI-guided IMRT as opposed to cone-
beam CT VMAT, the planning target volume margin of the tumor can be 
reduced up to 2 mm in pediatric patients with WT without affecting the final 
cumulative dose to the tumor. This margin reduction results in a significant 
decrease in mean radiation dose by 3.4%, 2.8%, and 4.9% to the liver, spleen, 
and pancreas, respectively – organs which are commonly impacted by flank 
radiation and contribute to the development of metabolic syndrome, intestinal 
occlusion, and secondary cancer in patients who undergo radiotherapy.18 

6. Potential Therapies 
6.1 Wnt/ β-catenin Pathway 
To date, the Wnt/ β-catenin pathway has been well characterized and associated 
with embryogenesis and neoplastic conditions as a proto-oncogene. As 
mentioned in the discussion of WT genetics, a loss or mutation in the WTX 
gene contributes to the development of WT and leads to the unregulated 
activation of β-catenin. Roughly 15-20% of all non-anaplastic WT contain 
signs of activation of the Wnt/ β-catenin pathway.4 

Current Recommendations, Controversies, and Potential Novel Approaches in the Treatment of Wilms Tumor

Georgetown Medical Review 8



Wnt regulates the phosphorylation and subsequent degradation of β-catenin. 
When Wnt is present, it binds to a Frizzled receptor and its co-receptor, causing 
the recruitment of Dishevelled which destabilizes the degradation complex 
by preventing its phosphorylation and allowing β-catenin to potentiate its 
effects.19,20 When Wnt is absent, β-catenin forms a stable complex with other 
mediators, such as Axin, APC, GSK3, and CK1, which facilitates the 
phosphorylation of β-catenin to signal for proteasomal degradation.21 

Therefore, a deletion of APC or mutations in the serine and threonine amino 
acids of β-catenin inhibits the degradation complex from forming, allowing 
β-catenin to escape deactivation.22 When Wnt is present and β-catenin 
accumulates within the cell, it is able to enter the nucleus via an undetermined 
mechanism to activate transcription of the TCF/ LEF family, which 
upregulates transcription factors such as Cyclin B1 and Cyclin C, promoting 
carcinogenesis.23,24 The Wnt/ β-catenin pathway is also closely related with the 
embryological development of the kidney.25 According to Perotti et al., Wnt 
signaling is required to initiate nephrogenesis and mesenchymal-to-epithelial 
transition, which is necessary for metanephric mesenchyme to establish the 
epithelial tubules that form the mature nephron. Additionally, abnormal Wnt 
signaling is closely related to WT development.4 

Another very common mutation associated with WT development is a 
constitutively activated Wnt/ β-catenin pathway caused by a 
CTNNB1-activating mutation.4 There are multiple options for therapeutic 
intervention by blocking the Wnt/ β-catenin pathway, such as inhibiting ligand 
production, blocking the Frizzled receptor, inhibiting β-catenin transport into 
the nucleus, or blocking β-catenin interaction with c-terminal cofactors.26 

Frizzled 7 is one such receptor target of Wnt, and WT has been characterized 
as sensitive to FZD7 (an antibody against Frizzled 7), or resistant.27 Pode-
Shakked et al. grafted mammalian cancer cells to the chorioallantoic membrane 
of the fertile chick egg as a xenograft system to determine the effect of FZD7 
antibody on the growth and proliferation of FZD7- sensitive WT cells in 
vivo.27 Grafted human WT cells were incubated with FZD7 antibody or buffer 
(as the control) and stained with Ki67 antibody, a mammalian specific 
antibody used to detect cancer cells.27 The results of this experiment indicated 
that FZD7 antibody, which blocks the Wnt/ β-catenin pathway, reduces the 
survival and proliferation of FZD7 sensitive WT in vivo.27 Currently, there 
are many potential therapies targeting the β-catenin pathway that are in early 
clinical or preclinical stages. 

There are no clinical trials underway at this moment to determine the 
effectiveness of blocking the Wnt/ β-catenin pathway in treating WT, but this 
method is being explored to treat other malignancies. For instance, tegavivint is 
a β-catenin/transducing β-like protein 1 inhibitor that has antitumor activity 
in metastatic osteosarcoma in vivo.28 The prospective clinical benefits these 
therapies may have in treating WT are promising as they are further 
investigated. 
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6.2 MicroRNAs 
MicroRNAs (miRNAs) are single-stranded RNAs that can post-
transcriptionally alter gene expression by promoting mRNA degradation or 
inhibiting translation. Carcinomas of the kidney have been shown to express 
certain miRNAs in a patient’s serum or plasma, which may be analyzed for 
diagnostic or prognostic purposes.29,30 Ludwig et al. analyzed the 
overexpression of 19 miRNAs in the serum of patients with WT.29 A 
significantly higher expression of miRNAs-100-5p, -130b-3p, and -143-3p was 
identified before the onset of therapy.29 This set of miRNA signatures offered 
an accuracy of 84.58% for differentiating WT patients from healthy controls.29 

Additionally, miRNAs offer additional clinical value in their ability to predict 
the prognosis of treatment. When the miRNA profile of 132 WT patients 
and 6 normal samples were analyzed, it revealed that 18 miRNAs had an 
association with overall survival and 5 differentially expressed miRNAs were 
able to classify the patients into high or low risk groups.31 Not only does this 
non-invasive method of diagnosing and prognosticating WT have high clinical 
value for the future, but it also may delineate any differential expression of 
miRNAs that can be used as potential targets of therapy. 

miRNAs play a significant role in regulating many biological processes such 
as cell cycle progression, cell survival, differentiation, and development. As a 
result, if the expression of miRNAs is modulated, it may affect the proliferation 
and course of human diseases such as genetic disorders, autoimmune disorders, 
and cancer.32 A common aberrancy prevalent in WT is mutations in miRNA 
processing genes, as roughly 15% of WT patients have mutations in these 
genes.30 Furthermore, miRNAs have been shown to be able to upregulate 
or downregulate the differentiation of WT, indicating their involvement in 
WT pathology. One example of this is miR-200c-3p, which was shown to 
be downregulated in nephroblastoma tissue and to inhibit the proliferative, 
migratory, and invasive abilities of WT cells by targeting fibroblast growth 
factor receptor substrate 2.33 

Currently, the clinical applicability of miRNAs in cancer treatment is under 
ongoing investigation. Though there are no clinical trials yet involving miRNA 
targets for WT, there is a Phase 1 clinical trial underway to determine the 
efficacy of Selinexor, an XPO1 inhibitor, in the treatment of solid tumors.34 

XPO1 is a protein which plays a role in the synthesis of mature miRNA. This 
clinical trial is currently in the process of collecting patients.34 

6.3 M6620 
Among the new emerging methods for treating childhood cancers, including 
favorable histology WT, Rad3-related kinase (ATR) inhibitors have been 
shown to sensitize cancer cells to concomitant chemotherapy regimens.35 

ATR, alongside a few other kinase proteins, plays a crucial role in stabilizing 
the cell genome and forms the DNA damage response mechanism.35,36 Thus, 
Thomas et al. suggest that targeting these enzymes can significantly increase 
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the efficacy of chemotherapy drugs by inhibiting the DNA repair mechanisms 
in malignant cells. M6620, a recently developed agent, inhibits ATR with 
high selectivity and potency.36 Kurmasheva et al. tested M6620 in vitro and 
observed that although it had little efficacy when used alone, the combination 
of standard chemotherapy regimen with M6620 exerted a substantial cytotoxic 
effect, effectively inhibiting growth of various carcinomas, including WT.35 

Thomas et al. further described a Phase I clinical trial testing the effect of 
the combined M6620/ topotecan (TOP1 inhibitor) therapy in patients with 
advanced solid tumors.36 Since this combination was successful in stabilizing 
and improving patient outcomes, such as sufficient antitumor activity, safety, 
and tolerability, it has moved on to Phase II of clinical trials.36 

6.4 Stem Cell Therapy 
Few studies are available that describe the efficacy of stem cell therapy for 
WT patients. Lee et al. have described the limited benefits of autologous stem 
cell transplantation (ASCT) used in conjunction with common chemotherapy 
regimens.2 WT is typically effectively treated and targeted with chemotherapy 
in childhood, however, it is common to see cases of WT relapse in adulthood. 
For this reason, the benefits of stem cell rescue and bone marrow transplant to 
replace hematopoietic stem cells damaged during the course of chemotherapy 
have been explored.2 While monitoring renal and tubular function in WT 
participants, it was found that glomerular function remained intact following a 
regimen of high dose chemotherapy (HDCT) in the form of carboplatin along 
with ASCT (HDCT/ ASCT).2 This is particularly important due to the fact 
that many patients treated for WT with this regimen present with one kidney 
post-nephrectomy, thus reinforcing the importance of kidney preservation.2 

Malogolowkin et al. suggest that the addition of ASCT is generally well-
tolerated and improves survival in young WT patients who received HDCT 
and experienced relapses later on in life.37 However, many of the adverse 
outcomes, such as tumor relapse, transplant-related mortality, and transplant 
failure, may still be present.37 It was also noted that many practitioners are 
currently shifting their focus from studying bone marrow stem cell transplant 
to peripheral blood stem cell transplant, which may be more effective in 
treating WT and other conditions.37 Thus, further research into stem cell 
therapy as an adjunctive treatment method for WT is warranted and may 
produce favorable patient outcomes while achieving full response to HDCT/ 
ASCT. 

Conclusion 
In summary, this review aimed to highlight currently available treatment 
modalities for WT, discussing their advantages and areas of improvement. 
This manuscript also describes promising cutting-edge research methods and 
findings that are making valuable contributions to the development of novel 
therapeutics. These advances have the potential to be tested further and used to 
treat pediatric nephroblastoma. Curative treatments for WT currently revolve 
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around a combination of chemotherapy, nephrectomy, and radiotherapy 
depending on the stage of the tumor. Based on the risk of tumor cell spillage 
during surgery, we recommend following the SIOP guidelines of implementing 
chemotherapy before nephrectomy in order to decrease both the size and stage 
of the tumor prior to performing a resection. Additionally, the use of TACE 
prior to surgical resection may be a potential future avenue to further improve 
complete tumor resection and decrease relapse risk. Post-nephrectomy 
chemotherapy should also be utilized in order to destroy any remaining WT 
cells that were missed or spilled during surgery. If a patient presents with 
favorable histology low-stage WT, we recommend that clinicians consider 
performing a partial nephrectomy over a radical or simple nephrectomy since 
nephron-sparing surgery has been linked to positive outcomes with no 
compromise in overall survival rates. Finally, in cases where WT has 
metastasized or is anaplastic, we recommend use of IMAT or VMAT over 
AP-PA radiotherapy because of their ability to reduce radiation dose to non-
neoplastic tissues and organs. Although these treatments are widely practiced 
to manage WT, there are many potential therapies that can further decrease 
mortality and morbidity. The prospective use of Wnt/ β-catenin pathway 
inhibitors, miRNA, M6620, and stem cell therapy in treating this disease is 
particularly intriguing. Modern advances in WT treatment may lead to more 
effective curative measures, ultimately decreasing mortality and relapse rates, 
and serious therapy-associated side effects. By continuing to address these 
outcomes, researchers will facilitate the development of superior therapeutics 
that will ultimately increase both the survival and quality of life in patients 
affected by WT. 
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