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Renal tumors: Age spectrum and histological distribution across childhood
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Abstract
Background: The objective of this study was to identify the relationship between the histopathological distribution of renal tumors and the age parameter
across childhood period and to compare that with the available literature.  

Methods: A total of 193 pediatric patients with renal tumors were classi�ed into 5 groups as embryo, infant, early childhood, childhood, and adolescent.  Age
distribution, pathological types and clinical characteristics were summarized.  

Results: Among the 193 patients, 95.8% presented with malignant tumors, and 4.2% showed benign tumors.  The prevalence of Wilms’ tumor (WT( and non-
WT, were 63.7% and 36.3%, respectively.  Non-WT patients included clear cell sarcoma of the kidney (CCSK), followed by rhabdoid tumor of the kidney (RTK),
congenital mesoblastic nephroma (CMN), cystic partially differentiated nephroblastoma (CPDN), and renal cell carcinoma (RCC).  Early childhood (89/193,
46.2%) was the most common period of onset, followed by infant (73/193, 37.9%), childhood (19/193, 9.8%), embryo (8/193, 4.1%) and adolescent (4/193,
2.0%).  WT predominantly occurred in infant and early childhood and decreased among older age group.  Non-WT occurred various period of onset and rather
common during embryo.  10.9% of patients were asymptomatic at the time of diagnosis and that was signi�cantly observed in non-WT (P=0.04).

Conclusions:  Age of onset is a highly signi�cant factor for pediatric renal tumors. Relationship between age spectrum and pathological characteristics
in�uences distinguishing the histopathological distribution of WT and non-WT.

Background
Pediatric renal tumors account for nearly 7% of all childhood cancers. Renal tumors represent heterogenous histopathological subtypes, including Wilms’
tumor (WT) and non-WT. WT also called nephroblastoma, is the most common type of renal tumors in children [1]. Non-WT was uncommon, and present a
wide histological spectrum, including clear cell sarcoma of the kidney (CCSK), rhabdoid tumor of the kidney (RTK), congenital mesoblastic nephroma (CMN),
cystic partially differentiated nephroblastoma (CPDN), renal cell carcinoma (RCC), and several other rare types [2, 3].

Age and gender-related differences of tumor behavior exist in the heterogeneous subtypes of renal tumors. Renal tumors occur throughout the periods of
pediatric growth and development, moreover histopathological distribution and clinical features differ in each period of childhood [4]. However, because of the
heterogeneity, descriptive data on age patterns and particular-histopathological type in childhood is limited.

Non-WT comprise represent a small proportion of all childhood cancers [5]. Due to its rarity, non-WT behavior has not been fully understood and sometimes
causes misdiagnoses. Clinical features and histopathological types among non-WT might be related to age distribution [6–7]. CMN present with high
prevalence in the �rst 2 months of life, with an excellent prognosis overall [7]. However, the relationship between age spectrum and histopathological types of
all renal tumors is unclear across childhood.

In this study, we evaluated the differences in histopathological distribution of pediatric renal tumors, and moreover compared the clinicopathological
characteristics between WT and of non-WT.

Methods
A total of 193 pediatric patients with renal tumors were retrospectively reviewed between 2012 and 2018 from a single institution. Clinical data, including age
of onset, gender, symptoms and lesion sites, were retrieved from medical records.

Age grouping

The 193 pediatric patients were classi�ed into 5 groups including embryo, infant (0-≤2 years), early childhood (2-≤6 years), childhood (6-≤12 years), and
adolescent (12-≤14 years). Moreover, we subclassi�ed these groups by 1-year interval. 

Imaging assessments

Tumor lesions were identi�ed by imaging assessments, such as ultrasonography, computed tomography, magnetic resonance imaging, or �uorodeoxyglucose
positron emission tomography-scan.

Histological and immunohistochemistry analyses

Hematoxylin and eosin-stained sections from routinely �xed, para�n-embedded tissues were examined. Histopathological diagnoses were established
according to morphological, immunohistochemical evaluations, and/or cytogenetic study. The pathological diagnoses were based on the criteria of WHO
Classi�cation of Tumors of the Urinary System and Male Genital Organs World Health Organization classi�cation [9].

Statistical analysis

Contingency tables were analyzed using Pearson Chi-square statistic. Differences with P-value < 0.05 were regarded as statistically signi�cant. The software
of SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical calculations. 

Results
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Histological types of pediatric renal tumors

As shown in Table 1, a total of 193 patients with renal tumors were diagnosed as WT (123/193, 63.7%) and non-WT (70/193, 36.3%). Based on tumor biology,
95.8% of patients (185/193) presented with malignant tumors, and 4.2% of patients (8/193) with benign tumors. Malignant non-WT was distributed to the
following types, CCSK, RTK, CMN, RCC, CPDN, unclassi�ed sarcoma, and primitive neuroectodermal tumor (PNET), with a frequency of (26/185, 14.1%),
(9/185, 4.9%), (8/185, 4.3%), (7/185, 3.8%), (6/185, 3.2%), (5/185, 2.7%), and (1/185, 0.5%), respectively. Benign non-WT included cystic nephroma, ossifying
renal tumor, metanephric adenoma, hemangioma, and lymphangioma in 4, 1, 1, 1, and 1 patient, respectively.

Age distribution

Age of onset ranged from fetal period to 14 years of age among the 193 patients. There were 8, 34, 39, 35, 21, 17, 16, 7, 4, 2, 3, 2, 1, 3 and 1 patient in each age
groups of embryo, 0-≤1 year, 1-≤2 years, 2-≤3 years, 3-≤4 years, 4-≤5 years, 5-≤6 years, 6-≤7 years, 7-≤8 years, 8-≤9 years, 9-≤10 years, 10-≤11 years, 11-
≤12 years, 12-≤13 years, and 13-≤14 years, respectively (Figure 1). The 193 patients with renal tumors commonly occurred in early childhood (89/193,
46.2%), followed by infant (73/193, 37.9%), childhood (19/193, 9.8%), embryo (8/193, 4.1%) and adolescent (4/193, 2.0%).

Age distribution and histological subtypes

As shown in Figure 2 and 3, WT (123 patients) were predominantly diagnosed during infant and early childhood, and decreased in proportion with increasing
in age, whereas the non-WT (70 patients) variably occurred across different period. CCSK patients occurred from 3 months to 8 years, with a peak incidence
rate in 1-≤2 years (9/26, 34.6%). RTK patients commonly occur during infancy and become rare in early childhood. Five out of 8 CMN patients were found in
embryo, and the other 3 patients were made diagnostic delay within 1 year of age. RCC patients ranged from 2 to 13 years of age. CPDN patients ranged from
4 to 22 months, and absolutely occurred in infant. Patients with unclassi�ed sarcomas were identi�ed mostly in infant and early childhood. 

During the fetal period, CMN, WT and hemangioma were found in 5, 2, and 1 fetus, respectively, from 28 to 38 weeks of gestational age. During early
childhood, the most cases presented with WT (68/89), followed by CCSK (10/89), RCC (3/89), sarcoma (3/89), RTK (2/89), cystic nephroma (2/89), and
metanephric adenoma (1/89). Non-WT patients occurred more frequently during fetal period (6/70 vs. 2/123, P=0.02), whereas WT was diagnosed more
frequently during early childhood (68/123 vs. 21/70, P=0.001).

Clinical features and comparison between WT and non-WT

There were 99 boys and 94 girls among the total patients, with no signi�cant difference between WT and non-WT groups. Among non-WT patients, male
gender was predominant in CCSK (M:F=17:9) and CPDN (M:F=5:1), whereas prevalence of female was shown in RCC (M:F=2:5) and RTK (M:F=4:5). 

As shown in Table 1, 10.9% of patients were asymptomatic at the time of diagnosis, and that was signi�cantly more common in non-WT patients than WT
patients (P=0.04). Abdominal distension was the most common symptom, followed by hematuria, abdominal pain, vomiting, frequent urination and
hypertension. Concerned with the location of tumors, left kidney, right kidney, and both kidneys were involved in 95 (95/193, 49.2%), 96 (96/193, 49.7%) and 2
(2/193, 1.1%) patients, respectively. There was no signi�cant difference between WT and non-WT patients.

Discussion
Pediatric renal tumors commonly present with various clinical symptoms and radiological �ndings. Differential diagnoses before surgery among
heterogeneous histopathological subtypes represent a great challenge for clinicians.

WT is the most common renal tumor encountered in the total series of our patients, 63.7%, comparable to that reported in Bozlu et al. 68.8% [10], and Chan et
al. 64.7% [11]. WT commonly occurs in those younger than 5 years of age, and most of patients are diagnosed within the age ranging from 1 to 4 years [1]. In
our study, WT was reported more frequently across infancy and early childhood, with a peak at the age range of 2-≤3 years.

Non-WT cases occur less frequently among pediatric renal tumors, and accounts for less than 1% of all pediatric cancers [12]. The prevalence of non-WT in our
series of renal tumors was 36.3% comparable to that of previous Asian report [13] of 35.7%, whereas, American report showed a much lower prevalence of non-
WT of less than 10% [12]. Non-WT represents heterogenous group of renal tumors, that present with diagnostic and treatment challenges, especially in regions
where therapeutic protocols are applied before obtaining a histopathological diagnosis.

Age tendency presents an important parameter in distinguishing subtypes of non-WT in childhood. In our series, high proportion of non-WT patients (75%)
were found in embryo, and the higher frequency of CMN could explain the signi�cant difference. CMN is a rare tumor with a low malignant potential. In our
study, CMN cases comprised 4.1%, comparable to the reported frequency of 3.5% among all pediatric renal neoplasms [14]. CMN most commonly occurs early
in infancy and rare cases are detected prenatally [15]. Of note, 5 out of 8 CMN patients were initially detected as an abdominal mass prenatally by
ultrasonography and/or magnetic resonance imaging (MRI) in the current study.

As previously described, CCSK is observed as an aggressive renal sarcoma in childhood and mostly in children under 3 years of age [16]. Similarly, in our series
of cases, CCSK occurred from 3 months to 8 years, with a peak incidence rate in 1-≤2 years. CCSK is distinguished from WT by its proclivity to metastasize to
bone and other unusual sites, such as the soft tissues or the orbit [17]. In our study, 19.2% of CCSK patients initially present with bone metastasis.

CPDN is considered as a very rare tumor, being recognized as a relatively benign tumor with low malignant potential [18]. Our current study, in agreement with
the previously reported literature, showed a low frequency of 3.1% for CPDN, with a prevalence during infancy [19]. CPDN occurs during infancy and usually
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affects the age ranging from 6 to 22 months, which distinctively differs from other renal tumors. Of note, the outcome of CPDN is favorable, regardless of the
clinical stage or therapeutic protocols.

RTK, a rare aggressive cancer occurring in infancy and early childhood [20]. Comparably, our RTK patients ranged from 9 months to 11 years of age, and
mostly occurred during infancy. Tomlinson et al, demonstrated that the younger the age of diagnosis of RTK, higher tumor stage and the presence of a CNS
lesion were factors predictive of a poor survival rate [21].

The frequency of RCC among our total series of 3.6% was slightly lower than that of 4.3% by Silberstein et al [22]. Notably, the patients enrolled in this study
were less than 14 years of age, whereas other reports evaluated more adolescent patients with a median age at diagnosis ranging from 9 to 12 years.
Pediatric RCC, has been characterized by microphthalmia transcription factor (MiTF) -TFE3 family translocation, which was also belong to the Xp11.2
translocation RCC [23]. Likewise, in our study, 6 out of 7 patients were diagnosed as MiTF/TFE3 family translocation-associated carcinoma.

Renal primary sarcomas are a rare group of renal tumors. PNET of the kidney is distinctly rare and aggressive neoplasm that predominantly affects young
adults, with 75% of patients aged 10–39 years [24]. In the present study, our patient who was diagnosed with PNET was 13 years and 7 months age.

Cystic nephroma is an uncommon benign renal tumor occurs during infancy, early childhood and in adult women [25]. Sometimes, cystic nephroma and CPDN
are indistinguishable on gross examination. In our study, the age of onset discriminates cystic nephroma from CPDN. Moreover, DICER1 mutations are
reported as the major genetic event in the development of cystic nephroma [26]. Taken together, age factor is shown to be the most important clinical
parameter for distinguishing between histopathological types in pediatric renal tumors.

Overall, 10.9% of patients were asymptomatic, with non-WT patients being signi�cantly higher in this issue compared to WT cases. The high frequency of
CMN detected prenatally tended to cause the high proportion of asymptomatic patients.

The limitation of this study is the limited number of cases from a single institution and being among patients of less than 14 years of age. More detailed
studies are needed to understand the renal tumors in different age categories.
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Table 1. Histological distribution of 193 patients with renal tumors in different age groups

Histological
types

Embryo

n=8
(4.1%)

Infant

n=73 (37.9%)

Early Childhood

n=89 (46.2%)

Childhood

n=19 (9.8%)

Ad

n=

n=8

(4.1%)

0-
≤12m

n=34
(17.6%)

1-≤2y

n=39
(20.2%)

2-≤3y

n=35
(18.1%)

3-≤4y

n=21
(10.9%)

4-≤5y

n=17
(8.8%)

5-≤6y

n=16
(8.2%)

6-≤7y

n=7
(3.6%)

7-≤8y

n=4
(2.0%)

8-≤9y

n=2
(1.0%)

9-
≤10y

n=3
(1.5%)

10-
≤11y

n=2
(1.0%)

11-
≤12y

n=1
(0.5%)

12
≤1

n=
(1.

Malignant tumor                            

Nephroblastoma 2 17 25 27 18 11 12 5 2 2 1     1

CCSK   3 9 4 1 5   2 2          

RTK   4 1 1 1           1 1    

CMN 5 3                        

RCC       1     2       1 1 1 1

CPDN   3 3                      

Sarcoma     1   1 1 1             1

PNET                            

Benign tumor                            

Cystic
nephroma

  2   1     1              

ORTI   1                        

EA       1                    

Haemangioma 1                          

Lymphangioma   1                        

CCSK, clear cell sarcoma of the kidney; CMN, congenital mesoblastic nephromas; CPDN, cystic partially differentiated nephroblastoma; EA, Etanephric
adenoma; ORTI, ossifying renal tumor of infancy; PNET, primitive neurotodermal tumour; RCC, renal cell carcinoma.
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Figure 1

Age and gender-speci�c incidence of pediatric renal malignant tumors by 1-year age groups.
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Figure 2

Histological distribution of 185 patients with malignant renal tumors in different age groups.

Figure 3

Histological distribution of 8 patients with benign renal tumors in different age groups.


