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Abstract: Advances in treatment have dramatically improved the outcomes of pediatric
renal malignancies. We reviewed cases of renal malignant tumors that were managed in
our institution. The patients’ background factors, pathological diagnoses, stages, out-
comes and late complications were retrospectively reviewed using medical records of 28
patients with renal tumors who were treated at our institution from 1984 to 2022. Wilms’
tumors were recognized in 24 patients (85.7%), all of whom had favorable histology.
Wilms’ tumors were Stage I in six patients (6/24; 25.0%), Stage II in nine patients (9/24;
37.5%), Stage III in five patients (5/24; 20.8%), Stage IV in two patients (2/24; 8.3%), and
Stage V in two patients (2/24; 8.3%). Two patients (7.1%) with clear cell sarcoma of the
kidney both had Stage I disease. One patient had Stage IV rhabdoid sarcoma of the kidney
(3.5%), and one had Stage IV renal cell carcinoma (3.5%). The overall 5-year survival rate
was 85.2% for all renal malignancies. Late complications included chronic renal failure in
four patients (14.2%). The outcomes are comparable to those reported previously. How-
ever, the prognosis of MRTK and renal cell carcinoma remained poor in advanced cases;
thus, another therapeutic protocol should be established.

Keywords: Wilms’ tumor; malignant rhabdoid tumor; renal cell carcinoma; children

1. Introduction

Renal tumors are the most common malignant solid tumors in children, accounting
for 5-6% of all pediatric malignancies, with Wilms’ tumor being the most common renal
malignancy [1]. The treatment of Wilms’ tumor is one of the great success stories of on-
cology. With advances in the diagnosis and multidisciplinary treatment of pediatric
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malignancies, the prognosis of renal malignancies, especially Wilms’ tumor, has dramat-
ically improved. However, some histologic types have a significantly poorer prognosis,
and addressing the predisposing syndrome of Wilms’ tumor and some subgroups with
renal malignancies who show a poor prognosis is an important challenge. We have long
organized a multidisciplinary team consisting of oncologists, surgeons, pathologists, and
subspecialty radiologists for treatment. We have treated pediatric patients with renal tu-
mors such as Wilms’ tumor, clear cell sarcoma of the kidney (CCSK), and rhabdoid tumor
of the kidney (MRTK) according to the protocol of the Japanese Wilms Tumor Study
(JWITS) Group [2] which was made based on the National Wilms” Tumor Study Group
(NWTSG) protocol [3]. The purpose of this study is to evaluate the characteristics of renal
tumors in patients admitted to our institution between 1984 and 2022, and to report treat-
ment outcomes in order to assess the adequacy of treatment at our institution and to iden-
tify problems associated with renal tumors in a variety of children.

2. Materials and Methods

The medical records of pediatric patients with renal malignancies who received treat-
ment at our institution between April 1984 and March 2022 were reviewed. The diagnosis
was histopathologically confirmed in all patients. The medical charts were reviewed for
collection of data on age at the diagnosis, sex, clinical symptoms, associated anomalies,
tumor site, and size, surgical intervention, chemotherapy, radiotherapy, pathology (in-
cluding histological stage), late complications, and prognostic outcomes. Anaplasia was
considered to be a histologically “unfavorable” feature, while tumors without anaplasia
were considered to be histologically “favorable.” CCSK, MRTK, and renal cell carcinoma
(RCC) are considered distinct tumor types, and these were also discussed in this study. In
all patients, the clinical stage was determined according to the NWTSG criteria, and was
based solely on the anatomic extent of the tumor, without consideration of genetic, bio-
logical, or molecular markers. The histologic classification was as defined by the NWTSG
study [4].

Event-free survival was defined as the time from study entry to the first occurrence
of progression, relapse, and death from any cause, or loss to follow-up. Survival was de-
fined as the time from study entry to death from any cause. Patients without events were
censored at the time of their last follow-up examination. The Kaplan-Meier method was
used to assess the survival rates.

This study was performed according to the Ethical Guidelines for Medical and
Health Research Involving Human Subjects by the Ministry of Health, Labour, and Wel-
fare of Japan in 2014 and complies with the Helsinki Declaration of 1964 (revised in 2013),
and was approved by the local ethical committee of our institution (27-119).

3. Results

3.1. Patients” Characteristics and Preoperative Data

Twenty-eight pediatric patients with renal malignancies were treated at our institu-
tion in this period. A summary of the clinical data of the 28 patients is listed in Table 1.

There were 10 females (35.7%) and 18 males (64.3%). The median age of the patients
at the time of diagnosis was 2 years (range, 9 months to 10 years). The site of onset was
the right kidney in 11 patients (39.0%), the left kidney in 15 patients (53.5%), and bilateral
in 2 patients (7.1%). An abdominal mass or abdominal distension was the most common
presenting symptom, occurring in 17 (60.7%) of 28 cases. The other symptoms at the diag-
nosis were abdominal pain in four patients (14.3%), gross hematuria in four patients
(14.3%), varicocele in one patient (3.6%), and the diagnosis was made during the close
examination of associated anomalies in three patients (10.7%). Complications included
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WAGR (Wilms’ tumor, aniridia, genitourinary anomalies, intellectual disability) syn-
drome in three patients (10.7%), premature chromatid separation/mosaic anomaly syn-
drome (premature chromatid separation/mosaic variegated aneuploidy syndrome
(PCS/MVA syndrome) in one patient (3.6%), horseshoe kidney in one patient (3.6%), and
aberrant pancreas in one patient (3.6%).

Table 1. Summary of clinical data in 28 patients with renal malignancies.

n

Sex (male: female) 18: 10 (64.3%: 35.7%)

Oylm-10y6m
(Median: 2 y)

Age at diagnosis

Laterality Right 11 (39.3%)
Left 15 (53.6%)
Bilateral 2 (7.1%)
Symptoms at diagnosis Abdominal pain 17 (60.7%)
Abdominal distension 5 (17.9%)
Hematuria 6 (21.4%)
Varicocele 1 (3.6%)
Incidental 4 (14.3%)
Associated anomalies WAGR syndrome 3 (10.7%)
PCS/MVA syndrome 1(3.6%)
Horseshoe kidney 1 (3.6%)
Aberrant pancreas 1 (3.6%)
Pathological diagnosis Wilms tumor (n=24) Stage 6 (25.0%)
Stage II 9 (37.5%)
Stage II1 5 (20.8%)
Stage IV 2 (8.3%)
Stage V 2 (8.3%)
CCSK (n=2) Stage I 2 (7.1%)
RTK (n=1) Stage IV 1(3.6%)
RCC(n=1) Stage IV 1 (3.6%)

Abbreviation: CCSK: clear cell sarcoma of the kidney; MRTK: malignant rhabdoid tumor of the kid-

ney; RCC: renal cell carcinoma.

The pathological diagnosis and stage (National Wilms Tumor Study (NWTS) classi-
fication) are shown in Table 2. Twenty-four patients (85.7%) had Wilms’ tumor, and all
had favorable histology (FH). Wilms’ tumors were Stage I in six patients (6/24; 25.0%),
Stage II in nine patients (9/24; 37.5%), Stage III in five patients (5/24; 20.8%), Stage IV in
two patients (2/24: 8.3%), and Stage V in two patients (2/24; 8.3%). Two patients (7.1%)
with CCSK both had Stage I disease. One patient had Stage IV MRTK (3.6%), and one
patient had Stage IV Mit family translocation RCC (3.6%).

Table 2. Summary of late complications.

n
Chronic renal failure 4 (14.3%)
Intellectual disability 3 (10.7%)
Small bowel obstruction 2 (7.1%)
Hyperuricemia 2 (7.1%)
Vagal palsy 1 (3.6%)
Scoliosis 1 (3.6%)




Diseases 2025, 13, 40

4 of 10

3.2. Chemotherapy

Chemotherapy for Wilms’ tumor consisted of vincristine (VCR) and actinomycin D
(ACD) for Stage I and Stage II, and VCR, ACD, and doxorubicin (DXR) for Stage III and
Stage IV. One Stage III patient with recurrence was treated with irinotecan-temozolomide
(IT) after the initial treatment; however, the patient died 3 years after the initial surgery
due to pulmonary metastasis. One of the two Stage V patients was a 16-month-old girl
with WAGR syndrome who died of massive hemorrhage immediately after starting VCR
+ ACD. The other patient with PCS/MVA syndrome was started on ACD monotherapy;
however, chemotherapy was discontinued due to severe adverse events. Two CCSK pa-
tients received VCR + DXR + cyclophosphamide (CPA) + etoposide (VP-16) based on the
NWTS5 CCSK regimen. One MRTK patient was treated with VCR + ACD + DXR, but died
of respiratory failure due to lung metastasis at 5 months after the start of treatment. One
patient with renal cell carcinoma received treatment with a molecular-targeted agent in-
cluding Sunitinib.

3.3. Radiation Therapy

Radiation therapy targeting the primary tumor was administered to 13 (39.3%) pa-
tients. Among these, five had Stage III Wilms tumor, two had CCSK, two had Stage II
Wilms’ tumor, and four had Stage IV Wilms’ tumor. In one stage IV patient, the tumor
had spread into the right atrium at the initial presentation and remained in the inferior
vena cava after surgery. One patient with Stage II Wilms’ tumor, who had local recurrence
at 4 years after the initial diagnosis, was treated with local radiation therapy.

3.4. Late Complications and Prognostic Outcomes

The late complications are shown in Table 2. Chronic renal failure occurred in four
patients (14.3%); one of the four patients had bilateral Wilms tumors. Intellectual disabil-
ity was recognized in three patients (10.7%), two of whom had WAGR syndrome. Small
bowel obstruction occurred in two patients (7.1%). Hyperuricemia was present in two pa-
tients (7.1%), vagal palsy in one (3.6%), and scoliosis in one (3.6%) who had been treated
with radiation therapy. No secondary cancers were observed in any patients.

The survival curves for all renal malignancies are shown in Figure 1. The overall 5-
year survival rate was 76.8%. Regarding Wilms’ tumor, survival curves are shown in Fig-
ure 2. The 5-year survival rate in all patients with was 85.2%. In patients with stage I-II
Wilms’ tumor, the overall 5-year survival rate was 100.0%.
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Figure 1. The survival curves of all renal malignancies.
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Figure 2. The survival curves of Wilms’ tumor by stage.

Six deaths occurred during this period, as shown in Table 3: two of the patients who
had bilateral Wilms’ tumors with WAGR syndrome, the patient with MRTK, and the Mit
translocation RCC died of tumor progression at <1 year after surgery. On the other hand,
two deaths occurred without tumor progression. One patient with PCS/MVA syndrome,
who had bilateral Wilms’ tumors and underwent bilateral nephrectomy, died of sepsis
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one year after surgery, while one patient with right unilateral Wilms” tumor died of stran-
gulated ileus at 11 years after surgery, although she achieved complete remission.

Table 3. A summary of mortality cases.

Case of Age at . Associated
No. Diagnosis Pathology  Stage Laterality Anomalies Cause of Death
1 2y4m Wllm;;l mot Left None Strangulated ileus
5 3y4m Wilms tumor, 3 Right WAGR syndrome Tumor progresm.on,
FH Lung metastasis
3 ly4m Wllm;;l mot 5 Bilateral WAGR syndrome Tumor progression
4 7m Wilms tumor, 5 Bilateral PCSIMVA Sepsis
FH syndrome
5 6m RTK 4 Right none Tumor progression
6 10y RCC 4 Left none Tumor progression

Abbreviation: FH: favorable histology;RTK: rhabdoid tumor of the kidney; RCC: renal cell carci-

noma.

4. Discussion

The present retrospective study was conducted at a single center where pediatric ma-
lignancy cases in a local area of southern Japan were mostly consolidated. Although the
patients’ backgrounds tended to include slightly more boys, the age at onset was similar
to previous reports [5]. The most common clinical manifestation was abdominal disten-
tion in the literature, which also applied to abdominal mass, which was the most common
initial symptom in this study. The frequency of gross hematuria did not differ from that
described in the literature [6]. Regarding histology, all Wilms" tumors showed FH only,
which differed from previous reports, while the rates of CCSK, MRTK, and RCC were
similar to previous reports [1,7,8].

In principle, surgery and chemotherapy for Wilms’ tumor were based on the NWTS
group strategy and regimen at our institution. In this study, one patient with recurrent
relapse was treated with IT therapy. Although the first course was unaffected, the patient
showed progression during the second course, and died of lung metastasis after the third
course [9]. In recent years, there has been one report on the efficacy of IT therapy in com-
bination with VCR and bevacizumab for refractory Wilms’ tumor [5,10]. Various therapies
have been tried for refractory Wilms’ tumor, but there is currently no protocol that seems
to be sufficiently effective, and treatment is often difficult. Currently, cancer immunother-
apy has been tested in clinical trials or basic studies in Wilms’ tumor [11]. New protocols
need to be considered to improve survival in these cases [12].

Two patients with CCSK received radiation therapy to the tumor bed with VCR +
DXR + CPA + VP-16 based on the NWTS5 regimen [4,13]. Both patients achieved complete
remission without any adverse events. In the relevant literature, the 5-year overall sur-
vival (OS) and event-free survival (EFS) rates of patients with CCSK were 89% and 79%,
respectively, and the 5-year OS and EFS rates reported by the JWiTS group [2], which
performed the same treatment as NWTS group were 74.5% and 72.9%, respectively [13].
Both of our cases were Stage I, which may have affected the results, and we have not fully
investigated this issue. However, the results of CCSK are slightly lower than those of
Wilms’ tumors, so this is an issue for future study [14, 15].

In RTK, no effective treatment has been established, and prognosis is very poor: a
study of 142 patients with NWTS-1-5 reported that stage and age at diagnosis correlated
with prognosis, with an OS rate of 42% for Stage I and II patients, compared to 16% for
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Stage III and IV [6,16]. The results are not very satisfactory, and in our case, although it
was Stage IV, it was refractory and could not save the patient, a fact that seems to go
without saying that a new protocol for RTK is needed in the future to improve the survival
rate [17].

Regarding irradiation, postoperative radiation therapy targeting the primary tumor
is not usually indicated for Stage I or Il Wilms’ tumor with FH [4,18]. In the present study,
postoperative irradiation of the primary tumor was performed in five patients with Stage
III, two patients with CCSK, one patient with Stage II disease with WAGR syndrome, and
one patient with a residual tumor in the inferior vena cava. For patients with histological
factors associated with a poor prognosis, abdominal irradiation is recommended for
CCSK, regardless of stage. MRTK is recommended but the prognosis is extremely poor
and the benefit of radiotherapy is unclear [2,8,19].

WAGR syndrome is a syndrome caused by a microdeletion of the short arm 13 region
of chromosome 11, which results in Wilms’ tumor following the deletion of the WT1 gene
in the same region [20,21]. In the present study, associated anomaly of WAGR syndrome
was observed in three patients. One of them had bilateral tumor development. Diseases
associated with a high risk of developing bilateral Wilms” tumor include WAGR syn-
drome, Denys-Drash syndrome, and Beckwith-Wiedemann syndrome [8,22,23]. These
diseases are associated with a high rate of nephrogenic rest (NR), which is considered a
precursor lesion to nephroblastoma, and nephroblastomatosis (NBM), in which NR occurs
multiply or diffusely [24]. NBM is sensitive to chemotherapy, and some NBM tumors have
been reported to shrink or disappear with combination chemotherapy [25]. It has also
been reported that chemotherapy can reduce the future incidence of Wilms’ tumor [10].
On the other hand, the risk of developing chronic renal failure as a late complication is
high in WAGR syndrome, and one patient was treated with hemodialysis at our institu-
tion. According to Breslow et al., 36% of unilateral survivors and 90% of bilateral survivors
of Wilms tumor with WAGR syndrome developed end-stage renal failure [12]. In renal
biopsy specimens of healthy kidneys in patients with unilateral Wilms’ tumor with
WAGR syndrome, the glomeruli were reported to be significantly smaller in comparison
to normal glomeruli, which may be a factor in the development of chronic renal failure
[26,27]. PCS/MVA syndrome is an autosomal recessive chromosomal instability syndrome
associated with growth retardation, microcephaly, and hypercarcinogenicity, and patient
cells frequently show premature chromosome segregation (PCS) and multiple aneuploidy
mosaicism (MVA). Almost all patients developed Wilms’ tumor or rhabdomyosarcoma
[28]. Hanks et al. analyzed the chromosomes of rhabdomyosarcomas that occurred in this
disease, and found amplification of chromosomes 3, 8, and 13 and loss of chromosomes 9,
14, and 10, findings that are also seen in sporadic rhabdomyosarcomas [29]. Matsuura et
al. speculated that the highly unstable chromosome number in this disease leads to a high
rate of development, as well as early development of Wilms’ tumor and rhabdomyosar-
coma, because cells with the appropriate chromosome combination for carcinogenesis are
likely to develop. The prognosis was considered to be poor, and our case could not be
saved.

Renal failure was the most frequent late complication, occurring in 55 of 5823 Wilms’
tumors treated with the NWTS protocol [4]. Renal failure occurred more frequently in
bilateral tumors than in unilateral tumors. The most common cause of renal failure was
bilateral nephrectomy for treatment-resistant or recurrent tumors. Although the long-
term survival rate for patients with Wilms’ tumor has improved, the protocol needs to be
changed in order to improve the rate of preservation of the renal parenchyma for patients
who are at risk for renal failure. Other late complications include cardiovascular problems
as a side effect of DXR, liver damage as a side effect of VCR or ACD, and the development
of secondary cancers, none of which were seen in the present study [2].
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