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ABSTRACT 

Introduction and purpose: Wilms tumor, also known as nephroblastoma, is the most prevalent 

malignant tumor of the kidney in the pediatric population. 90% of them are diagnosed in 

children before the age of 6. This tumor is more common in girls, and usually occurs 

unilaterally. The purpose of the study is to analyse and present the incidence of the patients 

with Wilms tumor in University Children’s Hospital in Lublin in comparison to other studies 

published on PubMed. 

Material and methods: The study included 34 patients with the Wilms tumor in the past 

medical history. They were selected among patients who had a computed tomography (CT) 

scan in the Department of Pediatric Radiology between November 2012 and October 2021. 

Results: The average diagnostic age of Wilms tumor patients was 3 years and 9 months. The 

unilateral occurrence of the tumor was more common, also, the presence of a tumor in the left 

kidney was more frequent than in the right one. Metastases were mainly located in the lungs 

and liver. The less common sites of metastasis were pleural recesses and paraaortic lymph 

nodes. Treatment was mostly based on nephrectomy and chemotherapy, and less frequently, on 
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radiotherapy. In the majority of patients, treatment resulted in regression of cancer lesions. Only 

a few recurrences of the disease were reported. 

Conclusions: Successful treatment protocols for Wilms tumor (pre-operative chemotherapy 

and surgery) ensure a high survival rate. It is important to monitor the patient after treatment 

due to the risk of recurrence. During diagnostics, chest and abdominal CT should be considered 

because of the high incidence rate of lung and liver metastases. 
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INTRODUCTION 

Wilms tumor, also known as nephroblastoma, is the most common malignant kidney 

tumor in the pediatric population [1, 2]. Furthermore, it is the second (after neuroblastoma) 

most frequent solid neoplasm located out of the central nervous system [3]. This represents 5% 

of all the tumors found in the pediatric population and appears with the frequency that equals 

1:10000 children. This ratio is said to be 2.5 times higher among the black race. 

Almost 90% of Wilms tumor is diagnosed in children under the age of 6. Moreover, 

among the adult population, this neoplasm is rare and represents worse prognosis [2, 4]. Due to 

the National Registry of Neoplasm in Poland, the number of the annual new cases of Wilms 

tumor fluctuates between 70 and 80. Nephroblastoma originates from the mesodermal blastema 

cells, epithelium and mesenchymal stromal tissue [5]. Ethiology of the disease is related to the 

impaired embryonic development of the kidney [2]. Usually nephroblastoma is located in the 

kidney parenchyma. Post-renal form occurs in 0.5-1% of the cases, and is typically located in 

the retroperitoneal and inguinal areas [6]. Wilms tumor is circumscribed and has a 

pseudocapsule [5]. Cases of nephroblastoma can be divided into unilateral, and occurring less 

frequent, bilateral, which is also related to the presence of specific genetic syndromes [3]. 

Furthermore, bilateral Wilms tumors occur synchronically (in two kidneys at the same time) or 

metachronically (in two kidneys but at different times) [7]. Contrary to genetic predisposition, 

extrinsic factors contributing to the development of neuroblastoma have not yet been identified 

[8]. 
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Cancer qualification system of Children’s Oncology Group (COG) differentiates three 

categories of Wilms tumors according to the presence of anaplasia: favourable histology (no 

anaplasia), focal anaplasia and diffuse anaplasia. Tumors with a favourable histology are the 

most common type and account for 75% of all the cases [9]. The other two types, with features 

of anaplasia, are related to worse prognosis, weaker response to treatment and shorter survival 

time [5]. 

The first - visible for parents- manifestation of nephroblastoma in children is an 

increasing abdominal circumference related to presence of the mass in the abdomen [5]. Only 

20% of patients report symptoms such as malaise, fever, pain, hematuria and/or renal 

hypertension [10]. Diagnosis of nephroblastoma is based on imaging studies. Abdomen 

ultrasonography is the preliminary examination used for assessment of the size, morphology of 

nephroblastoma, presence of calcification, infiltration of the surrounding tissues or lymph 

nodes. When the findings in ultrasonography are unclear, further evaluation, such as using 

computed tomography (CT) or magnetic resonance imaging (MRI) is indicated [11, 12]. A 

characteristic radiological sign in Wilms tumors of renal origin is the claw sign, in which the 

enlarging tumor mass displaces the enhancing renal parenchyma and the renal parenchyma 

forms sharp angles on either side of tumor mass. CT or MRI also assess the extent of renal 

involvement, metastases and vascular invasion (renal vein, inferior vena cava) which allows 

determining the staging of the cancer and implementing appropriate treatment [13]. 

AIM OF THE STUDY: The aim of the study is the statistical analysis of the medical history 

data obtained from patients of the Department of Pediatric Radiology, University Children’s 

Hospital in Lublin, the characteristics of pediatric patients with Wilms tumor living in the 

lubelskie region, as well as, the comparison between obtained results and the literature available 

in the Pubmed database. 

MATERIAL AND METHODS: We retrospectively analyzed the data of patients with Wilms 

tumor in medical history. They had a computed tomography scan performed at the Department 

of Pediatric Radiology, University Children’s Hospital in Lublin between November 2012 and 

October 2021. Based on CT scan descriptions, we qualified a total of the 34 pediatric patients 

(18 female and 16 male) aged from 1.5 months to 9 years and 11 months, to be included in our 

study. 

RESULTS 
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Demographic analysis 

Among the 34 analyzed pediatric patients, 53% of them were female and 47% - male. 

At the time of the study, the average diagnostic age of pediatric patients with Wilms tumor was 

3 years and 9 months. At the time of CT scanning, the youngest patient was 1.5 months old, 

whereas, the oldest participant was 9 years and 11 months old. Infants constituted 12% of all 

the analyzed cases. 

Medical history 

In the vast majority of cases, family medical history was not clinically significant. The 

study presented only one case of the familial occurrence of Wilms tumor among two sisters. In 

the older girl, Wilms tumor was bilateral and diagnosed at the age of 3 years and 4 months. 

Meanwhile, the younger girl was diagnosed with unilateral Wilms tumor at 12 months old. 

Imaging examination - computed tomography scan 

Among the analyzed cases, 6% of the patients had bilateral Wilms tumor. In the 

remaining children, this tumor occurred more often in the left kidney (52%) than in the right 

one (48%). 
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Figure 1. Unilateral form of Wilms tumor and multiple metastatic lesions in the liver. 

In the computed tomography scan, we also assessed the presence of metastases, which 

were found in 9 patients (26% of the cases). Metastatic lesions were most common in the lungs 

(8 patients) and the liver (4 patients). The co-occurrence of metastatic lesions in both organs 

(lungs and liver) was observed in 3 patients. In the vast majority of cases, pulmonary metastatic 

lesions affected both lungs (7 out of 9 patients). However, in only one patient the metastasis 

was noted in the posterior recess of the right pleural cavity, adjacent to the liver. Moreover, one 

patient had significantly enlarged para-aortic lymph nodes, which caused modelling and right 

sided displacement of the aorta. Based on the computed tomography scan results, it was defined 

as metastatic lesions. 
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Figure 2. Metastatic lesions of Wilms tumor in the lungs. 

       

  

Figure 3. Multiple metastatic lesions of Wilms tumor in the liver. 

Treatment of Wilms tumor 

In our group of pediatric patients, the most common method, which was used to treat 

Wilms tumor, was partial or total nephrectomy (71% of our patients were treated with the usage 

of said method). In comparison, chemotherapy was administered to 41% of the patients. In 

order to reduce the metastatic lesions, radiotherapy was administered to 3 patients. In two cases 

of children, it was radiotherapy of the lungs and in one patient, it was radiotherapy of the 

abdominal cavity. Surgical procedure to remove part of the metastatic lesions in the lungs was 

performed in two patients. Whereas, in one patient, metastatic lesions were surgically removed 

from the liver. 
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Prognosis 

In the vast majority of analyzed patient cases, treatment with the above-mentioned 

methods, in various combinations (nephrectomy, chemotherapy, radiotherapy, 

metastasectomy) resulted in regression of lesions (92%). Relapses occurred in 3 patients and 

involved the adrenal glands, lungs and liver. 

DISCUSSION 

Many studies showed that there is no difference between the disease frequency of Wilms 

tumor among women and men [2, 14]. In contrast, the American Cancer Society reports that 

girls suffer from Wilms tumor more frequently than boys [14]. In some Asian countries, women 

are affected more commonly than men (4:1) [13]. Research showed that bilateral Wilms tumor 

occurs more often in girls regardless of their origin place [5]. Among the pediatric patients 

qualified for this study, there was a slight predominance of girls compared to boys (18 vs.16). 

Wilms tumor occurs mainly among pediatric patients [15]. 90% of the cases of this cancer are 

diagnosed in children before the age of 6 [5] and approximately 95% of the patients are 

diagnosed before the age of 15 [15]. The peak incidence of Wilms tumor occurs in children 

aged 2 to 4 years [4, 11]. According to the Children's Oncology Group (COG), the average age 

of onset is 38 months. Additionally, in girls, the onset of Wilms tumor occurs 6 months later 

than in boys [13]. Another study reported that the mean age at diagnosis in patients with 

unilateral and bilateral Wilms tumor was 44 months and 31 months, respectively [16]. Research 

provided that the median age at diagnosis is 3.5 years [5]. In our study group, the onset age of 

Wilms tumor ranged from 1.5 months to 9 years and 11 months. The average age of onset was 

3 years and 9 months. According to researchers, a higher age of onset of the patient (especially 

over 2 years) is associated with an increased risk of recurrence and overall worse prognosis [3, 

5]. 

In our group of pediatric patients, two sisters were diagnosed with Wilms tumor. It 

should be mentioned that this cancer occurs in families in about 1-2% of all the cases. This form 

is the result of germline (constitutional) mutations which are located within: the WT1 gene, the 

WT2 region, the FWT1 locus on 17q, the FWT2 locus on 19q and others [17, 18]. 

According to the available literature, unilateral forms of Wilms' tumor are predominant. In 

contrast, it is estimated that both kidneys are affected in approximately 5-10% of the children 

at the time of diagnosis [3]. The male to female ratio for unilateral tumors is 0.92. Whereas, it 

stands at 0.6 for bilateral tumors [13]. Bilateral forms of nephroblastoma are more often 

associated with the occurrence of genetic syndromes [3]. Researchers prove that approximately 
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10% of the Wilms tumor cases in children are related to a genetic predisposition. The most 

common genetic syndromes are: Beckwith-Wiedemann syndrome, Denys-Drash syndrome, 

WAGR syndrome (Wilms tumor, congenital absence of the iris, congenital defects of the 

urogenital system and mental retardation) and Simpson-Golabi-Behmel syndrome [9, 19]. 

Some genetic markers, associated with nephroblastoma predisposition, include changes in the 

following genes: WT1, CTNNB1, WTX, TP53 and MYNC [5]. However, it should be 

remembered that currently a significant number of genes which predispose to Wilms tumor are 

still unknown [20]. Children with a genetic predisposition to Wilms tumor are usually 

diagnosed at a younger age [9]. For this reason, children with genetic syndromes or genetic 

markers should be subjected to tumor screening programs. This involves regular ultrasound 

examinations (usually every 3 months) at least until the age of 8. Screening enables earlier 

diagnosis of Wilms tumor (stage I or II, without metastatic lesions) and improves patient 

prognosis. In such cases, kidney-sparing therapy may be sufficient [16]. 

Wilms tumors are rarely associated with the presence of metastases at the time of 

diagnosis [13]. Distant metastases are present in 10-20% of the patients with Wilms tumor [1]. 

The dominant site of the metastasis are the lungs. About 80% of metastases are located there. 

Bilateral metastases predominate. Chest computed tomography scan is one of the preferred 

imaging methods in diagnostics [2, 21, 22, 23]. If there are no evident lung lesions in the CT 

scan, it is advisable to perform a biopsy of such lesions (at least 2) to confirm the presence of 

metastases. Treatment includes systemic therapy and whole-lung radiotherapy, regardless of 

the response of the metastatic nodules [10]. A follow-up chest computed tomography scan is 

also recommended after 6 weeks of therapy to determine the treatment response. Four-year 

event-free survival is 85.4% for patients with histologically favourable Wilms tumor and lung 

metastases. However, overall survival rate is estimated at 95.6% [2, 21, 22, 23]. Another and 

less common site of metastasis is the liver (10%), which is assessed during the initial computed 

tomography examination of the abdomen and pelvis [21]. Extrapulmonary and extrahepatic 

metastases (located in the bone, skin, urinary bladder, large intestine, central nervous system, 

contralateral kidney) are very rare. These metastases are more often observed in patients with 

Wilms tumor and features of anaplasia [8, 4]. Bone metastases are a poor prognostic factor and 

they usually develop later, as a recurrence of the disease [5]. 

One of the potential sites of Wilms tumor metastasis are regional lymph nodes [24]. 

After detecting metastatic foci in the para-aortic lymph nodes, local radiotherapy should be 

implemented [25]. 
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In our group of patients with Wilms tumor, there was one case of a child with metastasis in the 

posterior recess of the right pleural cavity. The literature reports that metastases located in the 

pleural cavity are extremely rare. For this reason, appropriate recommendations for the 

treatment of this type of metastases are yet to be developed. Some cases, of patients described 

in the literature, were successfully treated with chemotherapy and chest radiotherapy. 

Nonetheless, there are also evidences of preferable avoidance of the thoracic irradiation in 

patients with a rapid initial response to chemotherapy, due to the toxicity of radiotherapy and 

long-term negative sequelae of treatment [26]. 

Currently, there are two approaches to treatment of Wilms tumor, which are developed 

by the International Society of Paediatric Oncology (SIOP) and the Children’s Oncology Group 

(COG). This protocol applies to children with primary renal tumors and is based on the results 

of previous national and international trials and studies. According to the COG guidelines, 

which are used mainly in the USA and Canada, in the first stage of treatment, children with 

Wilms tumor should undergo immediate surgery and then postoperative chemotherapy and/or 

radiotherapy (if it is necessary) [13, 27, 28]. In turn, guidelines for the treatment of Wilms tumor 

in Europe are included in the UMBRELLA SIOP-RTGS 2016 protocol developed by the Renal 

Tumor Study Group of the International Society of Pediatric Oncology (SIOP-RTSG). 

According to these recommendations, after obtaining a clinical and radiological diagnosis, 

preoperative chemotherapy (lasting 4 or 6 weeks) should be used in the first stage of treatment. 

Its aims are to reduce the size of the tumor, increase the chance of complete tumor resection 

and reduce the risk of tumor rupture during surgery [10, 27, 28]. Tumor biopsy is not 

recommended, because of the dissemination risk and the possibility of the rupture or disruption 

of the lesion capsule [29]. The next stage of treatment for Wilms tumor is nephrectomy. In most 

cases, radical nephrectomy is necessary. But if Wilms' tumor does not invade the renal hilum, 

the nephron sparing surgery involving removal of only the mass of tumor with a surrounding 

margin of healthy tissue is sufficient. Precise conditions for the nephron sparing surgery in 

unilateral non-syndromic Wilms tumor are presented in the UMBRELLA SIOP-RTGS 2016 

protocol. The next stages of the procedure (as in the COG protocol) depend on the results of 

histopathological examination, clinical stage, response to preoperative chemotherapy and the 

presence of molecular markers. Depending on these factors, postoperative chemotherapy and/or 

radiotherapy may be necessary [28, 30]. An important aspect which differentiates treatment 

approaches using the above-mentioned protocols is the risk for intraoperative tumor spillage. 
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In patients treated according to SIOP-RTSG (with preoperative chemotherapy), this risk is 

lower compared to patients treated with COG (3% vs. 10%) [10]. 

In our study, 71% of the patients underwent nephrectomy and chemotherapy was implemented 

in 41% of the patients. Radiotherapy was administered to three patients with liver and lung 

metastases. 

Nephron-sparing surgery can be performed using two different methods, depending on 

the size, location, number of tumor lesions in the kidney. There are: partial nephrectomy (tumor 

resection with a normal tissue margin) and tumor enucleation (tumor resection without a normal 

tissue margin) [31]. It has been shown that since 2010, the percentage of patients treated with 

nephron-sparing methods has been gradually increasing (from 4% to 8%). One of the reasons 

for this is the fact that currently these cancers can be detected at an earlier staging using 

screening and monitoring of pediatric patients from risk groups [32]. Apart from obtaining a 

positive result of oncological treatment, the most important goal of nephron sparing surgery is 

the preservation of as much functioning renal parenchyma as possible [33]. In turn, the main 

advantages of radical nephrectomy are reducing the risk of incomplete tumor resection and 

leaving positive surgical margins. Whereas, the analysis of adult patients who had in childhood 

radical nephrectomy showed that this type of surgery is associated with a higher risk of long-

term complications such as hyperfiltration syndrome, hypertension and proteinuria. According 

to Spreafico et al., during choice of surgical treatment strategy for Wilms tumor, we should take 

into account issues such as: the presence of a genetic predisposition to Wilms tumor, type of 

tumor (unilateral or bilateral), clinical characteristics of patient (symptoms of tumor, other 

diseases) and family history indicating a predisposition to kidney failure [20].. Chen et al. 

conducted a meta-analysis which differentiated, among others, the survival rate of children with 

Wilms tumor depending on the type of surgery which was performed. This rate was higher in 

patients after nephron sparing surgery (n = 293) compared to patients after radical nephrectomy 

(n = 4623) and amounted to 95.1 ± 5.9% and 90.6 ± 8.7%, respectively. The mean follow-up 

periods were 5.9 ± 3.4 years for nephron sparing surgery and 5.9 ± 3.5 years for radical 

nephrectomy. Moreover, in the long-term observation, children with nephron sparing surgery 

were characterised by a lower relapse rate of Wilms tumor and a higher estimated glomerular 

filtration rate compared to children after radical nephrectomy [34]. In a more recent study, Wu 

et al conducted a retrospective cross-sectional study of 1,825 pediatric patients (less than 14 

years of age) with unilateral Wilms tumor receiving adjuvant chemotherapy. This study 

compared the survival rate and prognosis of patients after nephron-sparing surgery (n = 83) and 
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after radical nephrectomy (n = 1,742). The researchers did not reveal a statistically significant 

difference between the 10-year overall survival of patients after conserving and radical surgery 

(93.26% vs. 92.17%) [32]. Additionally it should be remembered that currently minimally 

invasive surgical methods for Wilms tumor are becoming more and more common. 

Laparoscopic radical or partial nephrectomy can be dedicated to tumors limited to the kidney 

with good hilar vessels exposure [10]. 

The prognosis for Wilms tumor with properly selected treatment is promising. Survival 

rates for most patients exceed 90% [29, 35]. Still, despite complete recovery, patients with the 

tumor recurrence have been reported. In a study conducted for the Polish Research Group for 

Solid Cancers and Children, recurrences occurred in 11.8% of the patients [36]. Contrary, in 

our group of patients, recurrences occurred in 8% of the children. Researchers reveal that most 

cases of Wilms tumor recurrence are located in the lungs, abdomen and liver. According to the 

COG, standard-risk cases of recurrent Wilms tumor are treated with surgery, chemotherapy 

and/or radiotherapy. In patients with high and very high risk of recurrence, an additional 

treatment option is hematopoietic stem cell transplantation [14]. 

It should be mentioned that the methods of WIlms tumor treatment may increase the 

risk of long-term iatrogenic complications. The most common of them are: a renal dysfunction 

(including leading to proteinuria or hypertension), a pulmonary dysfunction, a congestive heart 

failure (especially after administration of anthracyclines), liver damage (in particular after 

chemotherapy which included vincristine and actinomycin D), hormonal dysfunction, 

infertility, premature ovarian insufficiency, secondary malignant neoplasms (mainly 

hepatocellular carcinoma, bone, breast, colon/rectal or thyroid cancer), musculoskeletal 

abnormalities (including epiphyseal growth dysfunction), neurocognitive impairment and 

physical dysfunction. Due to the risk of long-term complications after completion of Wilms 

tumor therapy, patient monitoring is recommended. Routine monitoring includes, among 

others: physical examinations, laboratory tests and imaging examinations (X-ray, ultrasound 

examination or contrast-enhanced computed tomography). Follow-up examinations should be 

performed for all patients every 3 months for the first year and every 6 months for the next 2 

years. In the following years, despite a significant reduction in the risk of recurrence of Wilms' 

tumor, annual check-ups are recommended [13, 16]. 

CONCLUSIONS 

Wilms tumor is the most common malignant renal tumor in the pediatric population. 

Using effective treatment protocols, which mainly consist of preoperative chemotherapy and 
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surgical treatment, the survival rate is high. Yet, due to the risk of the disease recurrence, it is 

essential to monitor the health condition of patients after completing the treatment process. 

Additionally, during the diagnostic procedure, computed tomography of the chest and 

abdominal cavity should be used, because of the possible metastases to the lungs and liver. 

In this study, we presented the characteristics of patients with Wilms tumor treated at the 

University Children's Hospital in Lublin. Despite the small group of subjects, which included 

the pediatric population from the Lublin region, the presented analysis of clinical data is 

comparable to the results available in the literature. In the future, the presented analysis might 

be extended nationally in cooperation with other centres of Wilms tumor treatment. 
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