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Abstract: Background: Wilms' tumor (or nephroblastoma) is a malignant and solid neoplasm that derives from
the primitive renal bud. It represents the most frequent primary tumor of the urogenital tract in childhood, and
treatment consists of surgery and chemo-radiotherapy. However, concerning the quality of life, the new
therapeutic frontier is exploring other safer and potentially more effective options, such as minimally invasive
surgery and biological drugs. Method: Literature (Pubmed) from January 2013 to March 2023 was reviewed.
Results: One hundred five articles were included in the review. Conclusion: In addition to the therapeutic
strategies already identified, such as classic surgery and pharmacological therapies, recent studies focus
attention on the new frontiers of minimally invasive surgery, such as diagnostics using biomarkers and
immunotherapy, which could represent a new therapeutic option and possibly less risky than in the past,
contributing in fact to the current knowledge of the scientific panorama in terms of "tumor microenvironment"
and systemic implications deriving from oncological disease.
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1. Introduction

1.1. General, and epidemiological profiles

Wilms' tumor (or nephroblastoma) is a solid malignant neoplasm that derives from the primitive
renal bud. Wilms' tumor represents the most frequent primary renal form of the urogenital tract in
childhood [1] and can be unilateral (in 90-95%), bilateral or multicentric (in forms related to genetic
factors), with both synchronous and metachronous presentation [2]. The prevalence of this tumor
ranges between 2% and 6% among all childhood neoplasms [3], with an estimated worldwide
prevalence of around 1:10,000 [4], based on three characteristics that influence its epidemiological
trend: a) age (this tumor mainly affects children under the age of 15 with an average age at diagnosis
between 2 and 5 years, and in general as many as 75% of cases occur before the age of 5); b) genders
(it is more frequent among females than males); c) country of origin (it has a higher incidence in
individuals of African origin, while it has a much lower incidence among Asians, with Europeans
being in an intermediate position. [5-7]

1.2. Pathology

From a macroscopic point of view, the tumor appears as a mass with well-defined margins,
single or more rarely multiple, of a soft consistency; when cut, it appears grayish in colour and
homogeneous in appearance, although cysts, areas of necrosis or bleeding may be found inside. On
the other hand, microscopic examination can reveal various aspects, which recall the various stages
of the embryological development of the kidney. The most common picture consists of three cell
types (epithelial, stromal, and blastoma) in various percentages. Each of these cell types can be
present in different stages of differentiation: for example, epithelial cells can differentiate into tubular
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or glomerular cells, while stromal cells can remain undifferentiated or take on a fibrotic, myxoid or
even skeletal muscle cell appearance. [8]
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Figure 1. Wilms tumor. The image and description are from the AFIP Atlas of Tumor Pathology,
according to entry #407018 in Pathology Education Instructional Resource. The Armed Forces
Institute of Pathology Electronic Fascicles (CD-ROM Version of the Atlas of Tumor Pathology)
contains U.S. Government work which may be used without restriction.

Figure 2. Wilms tumor. Scanning electron micrograph of a Wilms' tumor, which is a human tumor
that like typical tumors when attaches to a surface is round. After it has been attached it spreads out.
The magnification is x130. This image is in the public domain and can be freely reused. Source:
https://visualsonline. cancer.gov/details.cfm?imageid=1763.

1.3. Clinical profiles

Unlike renal cell carcinoma, which is often asymptomatic, Wilms' tumor often manifests itself in
the form of a palpable abdominal mass, with a smooth surface and the presence of abdominal pain.
Systemic symptoms consist of fever, weight loss, and fatigue, and less frequently also hematuria (due
to internal bleeding) and hypertension (as a result of renin production by tumor cells or activation of
the renin-angiotensin-aldosterone axis due to reduced blood supply to the kidney when the tumor
compresses the renal artery) can be present. Five stages of the disease are generally identified, and
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defined based on the extent of the tumor and its eventual distant spread: a) Stage I (tumor completely
surgically removed, without infiltration of the renal capsule or involvement of the vessels, integrity
of the tumor mass and absence of tumor cells at the margin of resection); b) Stage II (tumor completely
surgically removed, resection margins free from neoplastic cells or presence of infiltration of perirenal
fat or blood vessels); c) Stage III (incomplete surgical excision of the tumour, spread to abdominal or
pelvic lymph nodes or peritoneum, preoperative chemotherapy, and previous tumor biopsy, rupture
of the tumor mass during surgery or piecemeal surgical excision; d) Stage IV (spread to extra-
abdominal lymph nodes or distant metastases); e) Stage V (bilateral tumor, with each tumor in turn
staged from I to IV). [9,10] Wilms' tumor is often associated with other malformations or congenital
defects of the urogenital system or other systems. It presents in Beckwith-Wiedemann syndrome, a
genetic pathology usually caused by an imprinting defect or uniparental paternal disomy for the
11p15 region, with an incidence of 1:15,000 births [11] or WAGR syndrome that is characterized by
mental retardation, aniridia, and genital anomalies [12] or Denys-Drash syndrome in which male
pseudohermaphroditism is observed due to a defect in the development of the gonads and renal
insufficiency [13].

1.4. Aim

A review was conducted to determine the state of the art on this neoplasm and the implications
derived from the discoveries regarding genetic predisposition and alternative therapies to classic
surgery and chemo-radiotherapy.

2. Materials and method

The authors searched PubMed, from January 2013 to March 2023, for meta-analyses, clinical
trials and randomized controlled trials using the binomial “Wilms OR Nephroblastoma”, selecting
458 eligibility results. To have a greater and complete overview of the topic, ultimately selecting a
total of 65 studies, still adding 36 more reviews to be able to argue the elaborated content (to more
easily contextualize definitions and clinical-diagnostic profiles), for an overall total of 101 results.
Simple reviews, opinion contributions, or publications in popular volumes were excluded because
they were not relevant or redundant for this work. The search was not limited to English-language

papers.
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Figure 3. PRISMA flow diagram template for systematic reviews. Matthew ] Page et al. BM]
2021;372:bmj.n71.

3. Results

3.1. Etiology

Most scientific literature agrees that Wilms' tumor develops as a result of a genetic mutation.
The implicated gene is called WT1 (from "Wilms Tumor") and is a tumor suppressor. The WT1 gene
has been located on the short arm of chromosome 11 at position 11p13 and encodes a protein involved
in the early stages of embryological development of the kidney (nephroblast differentiation). This
gene is expressed only for a short period in embryogenesis, increasing during gestation reaching a
peak at birth, to then decreasing significantly in the first 15 days after delivery (this regulation of gene
expression is selective for the kidney). [14] If mutated in both alleles, this gene causes tumor onset. In
hereditary forms, the mutation on one of the alleles is inherited from one parent, while the mutation
on the other allele is acquired later, while in sporadic (non-hereditary) forms both mutations are
acquired. [15] Some gene mutations, on the other hand, lead to the production of a non-functioning
protein, thus determining a lack of control of cellular differentiation; however, when present in germ
cells, these mutations cause severe developmental abnormalities of the kidneys and abnormalities of
sexual differentiation, demonstrating the essential role of WT1 in the normal development of the
urogenital tract. Other mutations are implicated in Wilm’s tumor, such as the inactivation of the WTX
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gene located on the short arm of chromosome 11 at position 11p15, deletion of WT2, and loss of
heterozygosity of 16q and 1p [16-18], as well as the TP53 mutation is associated with a worse
prognosis [19], while HMGA2 gene polymorphisms might weakly influence Wilms tumor
predisposition, under certain circumstances [20]. Exposure to pesticides (such as organophosphates),
vitamin deficiency of folic acid during pregnancy, and maternal consumption of cigarettes, and
alcohol are finally related to this pathology. [21,22]

3.2. Diagnosis

Wilms’ tumor should always be suspected in the presence of a palpable abdominal mass in
childhood, and abdominal ultrasonography is the simplest, noninvasive diagnostic method that can
aid in the differential diagnosis of hydronephrosis or other benign lesions of the kidney. On
ultrasound, Wilm’s tumor has the characteristics of a solid and inhomogeneous mass, in the context
of which hypoechoic areas may be highlighted as the expression of intratumor necrosis. [23] On the
other hand, contrast-enhanced computed tomography is more accurate and has the advantage of
precisely defining the intra-abdominal extension of the tumor (for example, the invasion of lymph
nodes or the presence of thrombi in the renal vein or the vena cava). Magnetic resonance imaging
defines the invasion of the great vessels much better than ultrasound [24] or computed tomography
[25] or Positron Emission Tomography [26], although the latter is rarely used in U.S. medical practice.
The use of biomarkers [27], including the prognostic biomarker circulating tumor DNA, seems
promising but needs more insight into their use and validity [28-30].

3.3. Therapy

Treatments are modulated according to clinical and anatomopathological variables, as well as
according to national protocols specific to each national health system. Generally, the initial treatment
of unilateral Wilms' tumor is primary surgical resection (with an approach that can be either
anticipated or delayed based precisely on each patient's histologic and clinical outcomes) followed
by adjuvant chemotherapy. A select group of younger patients with small tumors can be cured with
surgery alone. The type of chemotherapy drug and the duration of therapy depend on the tumor
histology and stage. Chemotherapy regimens depend on the risk group but usually consist of
actinomycin D (dactinomycin) and vincristine, with or without doxorubicin, or adriamycin. For more
aggressive tumors, intensive multi-agent chemotherapy regimens are used. Children with very large
unresectable tumors or bilateral tumors are candidates for chemotherapy followed by reevaluation
and resection at a later time. Radiotherapy is given to children who have the disease at a higher stage
(stage III, and in the presence of distant metastases, usually of the lungs, which do not regress readily
with chemotherapy). In most cases, radical nephrectomy is practised, i.e. the surgical removal of the
affected kidney, associated with the resection of the regional and para-aortic lymph nodes ipsilateral
to the neoplasm; in bilateral tumors or patients with specific syndromes predisposing to the onset of
nephroblastoma, partial nephrectomy is to be preferred whenever feasible [31-35]; when possible,
especially in the case of bilaterality, preference should be given to even partial preservation of the
renal structure, unless clinical conditions permit and the balance with the renal function to be
preserved is compatible with possible tumor recurrence [36,37]. There emerges an improvement in
clinical picture and renal parenchyma over historical outcomes in children with the bilateral form if
the treatment approach includes standardized three-drug preoperative chemotherapy, surgical
resection within 12 weeks of diagnosis and response, and postoperative therapy based on the
histologic picture [38]; still, although investigational, one study showed that concomitant
administration of WT1-immunotherapy and standard neoadjuvant therapy was well tolerated and
induced WT1-specific antibodies in patients undergoing aromatase inhibitors in the neoadjuvant
phase, however, in patients undergoing neoadjuvant chemotherapy or trastuzumab-chemotherapy
combination, the humoral response was impaired or attenuated, probably due to the co-
administration of corticosteroids and/or the chemotherapeutics themselves [39]. One study finally
showed that radiofrequency with cryoablation was also effective for this tumor type [40]. However,
immunotherapy and cryotherapy are not yet generally approved therapies by scientific communities
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such as the Children's Oncology Group and the Renal Tumour Study Group of the International
Society of Paediatric Oncology (SIOP-RTSG), due to the few studies still in the literature. [41]

3.4. Prognosis

It is primarily linked to the histological aspect of the neoplasm, where the presence of anaplastic
(undifferentiated) cells suggests a more unfavourable prognosis. The prognosis of Wilms' tumor also
depends on the stage at diagnosis and the patient's age (as older age is associated with a worse
prognosis). Cure rates for low-stage (kidney-localized) disease range from 85 to 95%; and even
children with more advanced diseases have a good prognosis: cure rates range from 60%
(unfavourable histology) to 90% (favourable histology). However, the tumor can sometimes recur,
generally within two years of diagnosis, although healing is also possible in children with relapsing
cancer. The outcome after recurrence is better in children who present with a low-stage disease,
whose tumors tend to recur in a site that has not been irradiated, who relapse more than one year
after onset, and who initially receive less intensive treatment. [42] Thus, the issue of tumor recurrence,
especially in the hypothesis of bilaterality, is a negative index that warrants more careful and
prolonged monitoring over time. [43]

3.5. Nutritional implications

Diagnosis of Wilms' tumor implies a modification of the patient's nutritional plan, based on the
symptoms and severity of the disease, such as to make a generalization impossible as each patient is
a unique universe that requires a careful analysis of all factors involved, starting from age and
subjective anamnesis, following him in all stages of the disease process. A synergistic relationship
will thus be established with any other therapies that may be prescribed, to promote the necessary
functional integration, which could lead to a specific diet or a supplementary regimen of minerals
and vitamins, including prebiotic and probiotic therapies capable of promoting eubiosis of the
organism which finds itself having to face cycles of decompensating pharmacological therapy. [44,45]

3.6. Psychological implications

As in all forms of oncology, the "cancer" event also necessarily impacts the psychological profile
of the patient affected by the disease, just as it impacts the personal and relational life of his or her
family members, considering also the average age of the patient (of child range). Having to deal with
the issue of death is always complicated, and for this reason, the family network must be supported
at all stages of the disease, to ensure those minimum tools necessary to compensate for the distress
caused by the disease. In the case of Wilms' tumor, the final prognosis is good in most cases, especially
if diagnosed in the early stages of the disease, and thus there is a greater chance of helping the patient
and his or her family to overcome this complicated phase; however, the therapist must be prepared
to deal with the possible distress that is grafted onto one or more personality frameworks of the
people involved, perhaps already dysfunctional or decompensated by other pathologies, including
mental pathologies, in psychophysical comorbidity. One needs only think of neurotic pictures,
characterized by anxious, phobic, somatic, obsessive, or humoral (whether depressive or manic)
outbursts, all the way to personality disorders. In more complex cases, irrespective of one's
personality framework, the "cancer" event itself can trigger both acute distress (in its mildest forms)
and adjustment disorder (following the diagnosis and processing process), all the way up to true
post-traumatic stress, especially if the diagnosis is more unfavourable or not adequately managed by
the clinical and family network. Therefore, the need to support the patient and family, from the
earliest stages of the illness, is central to the healing process (including through cycles of
psychotherapy and parental training techniques), also and especially in the future perspective, and
unfortunately, both in medical practice and in the literature such profiles are often underestimated
or relegated to mere services offered on par with organizational refreshments, effectively distorting
the valuable clinical intervention on the cognitive and psychological sphere of the actors involved in
the clinical stage. [46-54]
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4. Discussion

The literature of the past decade, in addition to confirming pathology and clinical knowledge,
has focused on etiologic research of genetic biomarkers, as well as minimally invasive surgery and
new biologic therapies. Indeed, numerous biomarkers of Wilms' tumor have been confirmed and
variations in prevalence have been highlighted, but most of these studies were based on small (and
therefore unrepresentative) samples; in particular, they showed that the limited prevalence of
currently known genetic alterations in Wilms' tumors indicates that significant factors of initiation
and progression remain to be discovered, thus a marked emphasis on ethnicity as one source of
heterogeneity. [29] The literature is equally rich in contributions on the topic of classical surgery and
drug therapies (including chemo-radiotherapy);, as science progressed, much attention was paid to
those qualitative profiles of the patient's life that were necessarily bent to the therapist's desire to
promote healing. In patients with Wilms' tumor, the high cure rate (>90%) achieved with the
combination of surgery (including minimally invasive techniques [55,56] and ablation) and radio-
chemotherapy was often at the expense of high early and/or late toxicity, as well as treatment-
resistant entities, such as diffuse anaplastic tumors or recurrent disease (also comorbidities), which
still pose unresolved or difficult to solve clinical problems due to the lack of specific research, if not
studies still in the experimental phase [39,40,57-61] or with specific protocols that nevertheless use
nevertheless small [62] or even insufficient population samples [63,64], also by virtue of specific
vaccinations for Wilms' tumor peptide 1 involved in other oncological diseases (e.g. glioblastoma,
pancreatic adenocarcinoma, promyelocytic leukemia, acute myeloid leukemia, certain types of head-
neck cancer, malignant glioma, lung carcinoma, ovarian and uterine carcinoma, and melanoma) [65—
93] and myelodysplastic syndrome [94,95]. The effects of preoperative chemotherapy, however,
appear promising [96], distinguishing between the three different tumor lineages (in fact, stromal and
epithelial features have been shown to correlate with more favourable histology, whereas blastemal
features are more unfavourable as late-stage tumors shift precisely toward the renal blastemal
archetype) [97,98]. Finally, attention to psychological, nutritional, and athletic profiles [99,100] also
becomes crucial in facilitating the patient's healing process, while also paying attention to aspects
often considered secondary to intestinal eubiosis [101] and general systemic eubiosis.

5. Conclusions

Minimally invasive surgery, as well as diagnostics using biomarkers and combined therapies,
could represent a new and possibly less risky therapeutic option than in the past, effectively
contributing to the current knowledge of the scientific landscape in terms of "tumor
microenvironment” and the resulting systemic implications from oncological disease. The research,
in this regard, is still incomplete and immature, and therefore requires further study and specific
studies with significantly larger and more representative population samples, although these profiles
nevertheless appear promising, especially because of the new single and combination therapies. On
the other hand, there appears to be insufficient attention to therapeutic profiles aimed at restoring
the eubiosis and psychological well-being of the patient and his or her family members, profiles that
are almost always underestimated and in the background among the possible therapies suggested by
health professionals.
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