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IntroDuCtIon 

Wilms tumor (WT, nephroblastoma) is not only the most 
common kidney tumor in children, but also one of the best-
understood tumors with respect to its clinical course, differences 
in cellular structure, and the resultant selection of an adequately 

tailored therapeutic modality. Thanks to multicenter investigations 
carried out for a prolonged period in large groups of subjects, 
mostly to NWTS (National Wilms’ Tumor Studies) and SIOP (Société 
Internationale d’Oncologie Pédiatrique), more than 80% of children 
diagnosed with Wilms’ tumor can look forward to long-term sur-
vival at 20 years from diagnosis [1]. In stage I and favorable histol-
ogy disease, at present almost all children have a chance of a cure. 

Surgical resection continues to be an essential element of com-
bined therapy in WT. Both the therapeutic protocol SIOP-2001 and 
the NWTS-5 protocol recommend in children with unilateral kidney 
tumor a radical nephrectomy combined with resection of all suspicious 
lymph nodes or a biopsy of lymph nodes at the level of renal vessels 
even if they do not seem to be invaded. Nephron-sparing surgery 
(NSS) is recommended in children with bilateral WT, tumors involving a 
solitary kidney, and in patients with syndromes predisposing to further 
renal malignancies [2, 3, 4]. Both protocols do not recommend NSS for 
treatment of localized unilateral nephroblastoma, yet they allow for 
such a procedure in the case of small tumors [1, 5]. Both protocols lack 
unambiguous recommendations to NSS management. 

The objective of the report is the analysis of therapeutic results 
achieved in children with unilateral stage I Wilms’ tumors depend-
ing on the extent of surgical resection. 

MaterIal anD MetHoDS 

The analysis included 43 children with unilateral stage I Wilms’ 
tumors classified in keeping with the SIOP criteria, treated by the 
same team between January 1993 and December 2008. Previously, 
the same team had based their therapeutic management of chil-
dren with WT on the NWTS protocols. The change in strategy was 
associated with the authors joining the Polish Wilms’ Tumor Study 
(PWTS), which adopted a uniform management policy in kidney 
tumors based on the SIOP 93-01 (patients treated up to 2002) and 
SIOP-2001 protocols.

In all the children, the diagnosis was established based on a 
physical examination and imaging studies (abdominal ultraso-
nography, chest X-ray in two projections, abdominal CT scan), 
commencing the treatment from neoadjuvant chemotherapy. No 
preliminary tumor biopsies were performed. In case of diagnostic 
doubts, children with locally advanced disease were qualified for 
primary surgical treatment. All the children with localized disease 
received neoadjuvant chemotherapy with vincristin (VCR) and acti-
nomycin D (AMD) administered over 4 weeks. 

Following the completion of the preliminary treatment, the 
tumor size was assessed by ultrasound or, in children qualified for 
NSS, a CT scan was performed followed by an intravenous pyelo-
gram (IVP) (Fig. 1).

The decision regarding the extent of surgery took into con-
sideration tumor size and tumor response to chemotherapy. In 
children with large tumors and a poor response to neoadjuvant 
chemotherapy, radical nephrectomies (RN) were performed – the 
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abStraCt

Introduction. Progress in the therapeutic management 
of Wilms’ tumors (WT) in children has resulted in the 
fact that presently, almost all children with stage I and 
favorable histology diseases have a chance for a cure.
the aim of the study.  The objective of the report is an 
analysis of therapeutic results in children with unilateral 
stage I Wilms’ tumors depending on the extent of tumor 
resection. 
Material and methods. The analysis included children 
treated between 1993 and 2008 under the Polish Wilms’ 
Tumor Study, initially following the protocol SIOP 93-01 
(patients treated up to 2002) and subsequently SIOP 
2001. Following neoadjuvant chemotherapy, depending 
on tumor size and tumor response to treatment, the 
children were qualified for a radical nephrectomy, simple 
nephrectomy, or nephron-sparing surgery. Following 
surgical treatment, all the children were subjected to 
adjuvant chemotherapy in keeping with the therapeutic 
protocol obligatory at the time. 
results. Within the 15 years, 111 children with Wilms’ 
tumor were treated; the group included 43 children with 
stage I disease, which constituted 38.9% of the total 
number. Radical nephrectomies were performed in three 
(6.98%) children, simple nephrectomies in 32 (74.42%), 
and nephron-sparing surgery in eight (18.6%). Regardless 
of the employed surgical treatment modality, all the 
children are alive and none have demonstrated recurrent 
disease. The mean post-treatment completion follow-up 
period is 73 months (median value, 68 months). 
Conclusion. A simple nephrectomy and, whenever pos-
sible, nephron-sparing surgery represents sufficient 
treatment in 93% of children with stage I Wilms’ tumor. 
To improve qualification for surgical treatment we pro-
pose the employment of NSS for stage Ia Wilms’ tumors 
and SN for stage Ib Wilms’ tumors.
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kidney was resected together with the tumor, perirenal fat tissue, 
and Gerota’s fascia. 

Children with tumors smaller in size and a very good response 
to chemotherapy were qualified for simple nephrectomies (SN), i.e. 
resection of the tumor-containing kidney along with the perirenal 
fat, leaving intact the non-tumorous adrenal gland and Gerota’s 
fascia. 

A less numerous group was composed of small tumors, which 
shrank even more following neoadjuvant treatment. Nevertheless, 
tumor shrinkage in size was not as apparent as in the group of 
children qualified for simple nephrectomies. Children with such 
tumors were qualified for nephron-sparing surgery (NSS). Three 
patients from this group were presented in a PWTS communication 
during the XXXVII SIOP conference [6]. Depending on the location 
of the tumor within the kidney and technical possibilities, NSS was 
represented by a heminephrectomy, polar resection or an atypi-
cal enucleation-resembling resection. Resections were preformed 
maintaining the renal blood flow using a harmonic scalpel or the 
LigaSure vessel sealing system. Taking advantage of the neoad-
juvant therapy-strengthened pseudocapsule, the tumor resection 
was performed through the normal kidney parenchyma leaving 
a 2 mm margin of healthy tissue. The section width achieved by 
employing a harmonic scalpel was 1-2 mm. Thus, the combined 
margin did not exceed 5 mm 

Regardless of the extent of tumor resection, all the children 
were operated on from the transperitoneal approach.

After completion of surgical treatment, the children received 
adjuvant chemotherapy depending on tumor histology and the 
therapeutic protocol employed at the time. None of the patients 
were treated by irradiation therapy. 

Statistical analysis 
Statistical analyses were carried out using Statistica 8 (StatSoft 

Polska). 
In case of quantitative variables, the results were presented as 

mean values, standard deviations, median values, and the first and 
third quartiles. Qualitative variables were described by an absolute 
number of cases in particular groups. To validate the hypotheses 
on correlations between qualitative variables, the authors used the 
chi-square test and the Fisher’s exact test. The significance level 
for all analyses was p <0.05. The results are presented in the form 
of figures and tables.

reSultS 

Within the 15-year period, 111 children with WT were treated; 
the group included 43 patients with stage I disease. Up to 2002, 
79 children were managed, including 26 with stage I Wilms’ tumor, 
and since 2003 – 32 patients, of whom 17 had stage I disease. Thus, 
in the first period, children with stage I WT constituted 33% of the 
total number of patients in that period, but in the second period, 
they accounted for as many as 53% of the patients in that period, 
and the difference is statistically significant (Fig. 2). 

Stage I Wilms’ tumors were somewhat more frequent in girls 
as compared to boys (F:M ratio of 26:17, ns), but there were no 
differences in the left versus right kidney involvement (21 : 22). 

Radical nephrectomies were performed in three (6.98%) chil-
dren, while NSS involved eight (18.6%), and simple nephrectomies 
– 32 (74.42%) children.

One child from the NSS group did not receive neoadjuvant 
chemotherapy. This 5-month old infant had bilateral duplicated 
pyelocalyceal systems and a solid-cystic mass in the upper pole 
of the left kidney. Primary surgical procedures were also per-
formed in ten children from the simple nephrectomy group. 

fig. 1. Left sided Wilms Tumor: A. Tumor in middle part of the kidney – CT. B. Deformation of  the middle and lower calyx – Urography. C. Postoperative Urography 
with middle calyx depletion after tumor resection.

fig.2. Percent of patients with stage I vs. patients with stage II-V treated before 
and after year 2002. m
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Five of them were below 6-months of life, two presented with 
paraneoplastic symptoms associated with renin or erythropoi-
etin release, in one child the parents refused their consent for 
chemotherapy, and two infants had ambiguous imaging results. 
All the children from the radical nephrectomy group received 
neoadjuvant chemotherapy. 

The mean age at tumor diagnosis was 33.5 months (Table 1a). 
The group of NSS children included two patients after unilateral 
nephrectomies due to WT in whom, five and eight years fol-
lowing treatment completion, metachronic Wilms’ tumors were 
detected in the remaining kidneys. These patients were older 
than the other children and for this reason they were excluded 
from calculations of age at the onset of disease for the entire 
group (Table 1b). As it clearly follows from Table 1b, the majority 
of nephron-sparing resections were performed in infants, while 
radical nephrectomies were predominantly performed in older 
children. 

Table 2 illustrates tumor size at the time of diagnosis and after 
neoadjuvant chemotherapy in the NSS group according to resec-
tion type. The resected tumors were round or oval in shape; the 
last digit represents the height of the tumor in the kidney, which 
did not exceed 4-cm. 

Intermediate-risk nephroblastomas predominated among all 
the resected tumors; in only one child, a high-risk Wilms’ tumor 
was noted. Tumor histology for each type of surgical treat-
ment is presented in Table 3. A remarkable observation involved 
radical nephrectomies performed in three children with clinically 
advanced-stage tumors, which responded poorly to neoadjuvant 
chemotherapy, but were found to be favorable in final histopathol-
ogy.  

Regardless of the type of resection, all the children have sur-
vived, none have relapsed, and the mean follow-up period after 
completion of oncological treatment is 73 months for the entire 
group of children with stage I disease (Table 4). One child from 
the NR group was reoperated due to early mechanical ileus of the 
gastrointestinal tract. 

DISCuSSIon 

Therapeutic management of Wilms’ tumors according to SIOP 
is a combined therapy consisting of neoadjuvant chemotherapy, 
radical nephrectomy, and adjuvant treatment entailing chemo-
therapy and radiotherapy. Particular elements of therapeutic man-
agement have strictly defined time frames, type and size of dose 
depending on stage of the disease and tumor histology. The SIOP 
5 and 9 protocols have unambiguously established the type of and 

table 1a. Patient's age at the time of diagnosis of Wilms’ tumor with different surgery type groups (NSS - nephron-sparing surgery, SN – simple nephrectomy, 
RN – radical nephrectomy)

type of surgery Mean age (months) number of cases Standard deviation Q25 Median age (months) Q75

NSS 37.875 8 44.4 9.0 21.50000 60.0

SN 29.86 32 33.05 7.0 18.50000 50.0

RN 60.0 3 31.75 36.0 48.00000 96.0

Total 33.45 43 35.3 7.0 19.0 52.0

table 1b. Patient's age at the time of diagnosis of Wilms’ tumor with different surgery type groups (without patients with metachronic tumors)

type of surgery Mean age (months) number of cases Standard deviation Q25 Median age (months) Q75

NSS 14.5 6 9.22497 7.0 15.0 24.0

SN 29.86 32 33.05546 7.0 18.5 50.0

RN 60 3 31.74902 36.0 48.0 96.0

Total 29.82 41 31.8 7.0 19.0 48.0

table 2. Tumor size before and after neoadjuvant chemotherapy in patients 
with nephron-sparing surgery and different resection type

patient
tumor size 

before 
treatment (cm)

tumor size after 
chemotherapy 

(cm)
resection type

1 4 x 3 x 5 2 x 3 x 3 atypical

2 6 x 4.5 x 5 3 x 2 x 2 heminephrectomy

3 5 x 5 x 5 – heminephrectomy

4 6 x 6.5 x 7 5 x 3.5 x 4 atypical

5 7 x 7 x 8 5 x 5 x 4 polar

6 5 x 4 x 4 3 x 3 x 3 atypical

7 3 x 2 x 2.5 2 x 2 x 2 heminephrectomy

8 6 x 6 x 8 3.5 x 2.5 x 2 polar

table 3. Number of patients with different type of surgery and histology risk

type of surgery
Histology risk 

 low  Intermediate  High 

NSS 1 7  0

SN 11 20 1 

RN 2 1 0

Total 14 28 1

table 4. Follow-up of Wilm’s tumor patients with different type of surgery

type of surgery Mean (months) number of cases Standard deviation Q25 Median (months) Q75

NSS 51.0 8 34.05 22.0 49.0 78.5

NS 84.37 32 42.69 57.5 77.0 110.0

NR 39.66 3 18.45 24.0 35.0 60.0

Total 75.0 43 42.6 46.0 68.0 99.0
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benefits derived from neoadjuvant chemotherapy [7]. Subsequent 
research programs have concentrated predominantly on changes 
in the intensity of adjuvant therapy [8, 9]. These programs aim 
at selecting patients in whom adjuvant chemotherapy may be 
minimized, and such individuals in whom the treatment has to be 
intensified in order to increase the potential for a cure. 

A significant element of oncological treatment in Wilms’ tumor 
is its resection. Both the SIOP and NWTS programs recommend a 
management standard consisting in a radical nephrectomy with a 
selective lymphadenectomy. Lack of surgical radicalness is associ-
ated with intensification of adjuvant therapy and the risk of local 
recurrent disease. Thanks to randomized trials, our knowledge of 
the clinical course, differences in tumor cellular structure, genetic 
determinations, and neoadjuvant and adjuvant chemotherapies 
in Wilms’ tumor has recently markedly increased. Progress in 
diagnostic imaging methods allows for a precise definition of the 
extent of the disease. Taking advantage of this body of knowledge, 
surgical treatment should also be minimized whenever possible or 
maximized in higher-risk tumors. As it follows from the presented 
material, regardless of the extent of tumor resection, therapeutic 
results for stage I Wilms’ tumor are very good. All the presented 
children have survived and none have relapsed. Thus, which resec-
tion extent is appropriate for children with the same stage disease? 
From the viewpoint of a surgeon, what we lack is a simple defini-
tion of tumor size that would determine technical possibilities of 
resection. In renal cell carcinoma (RCC) the obligatory standard is 
the TNM classification, where T represents tumor size in centime-
ters [10]. No such value is given in nephroblastoma, and the terms 
“small tumor” or “large tumor” do not provide enough information 
for a precise selection of the extent of resection. All the descrip-
tive determinations result anyway from tumor size and its location 
within the kidney [5, 11, 12, 13]. Based on the material collected by 
the authors and on data reported by others, small tumors may be 
defined as those with a diameter (or height in oval tumors) of up to 
4-cm since at this tumor size a nephron-sparing resection may be 
safely performed [14]. The size is analogous as in the case of RCC 
tumors, which may be qualified for NSS, and their stage is classi-
fied as T1a [15, 16]. Tumor resection in nephroblastomas greater 
than 5-cm in diameter may be associated with lack of oncological 
radicalness or with leaving intact too small a volume of functional 
renal parenchyma in a child. We believe that the remaining tumors 
that meet the stage I criteria (hypothetical T1b stage) may be 
qualified for a simple nephrectomy, which is in accordance with 
the opinions of other authors [17, 18]. In the presented materi-
als, three children had radical nephrectomies performed, with the 
decision based on tumor size and a poor response to neoadjuvant 
chemotherapy. In retrospective analysis, the treatment should 
be regarded as overly aggressive, especially in light of the fact 
that tumor histology indicated low or intermediate risk. yet, the 
group was too small to draw any unequivocal conclusions. As it 
follows from investigations carried out by SIOP, tumor response 
to neoadjuvant therapy has a prognostic value since tumors with 
unfavorable histology frequently progress, while tumors of a low 
grade of malignancy are characterized by a weak response to treat-
ment [19]. 

In the opinion of the present authors, the issue of appropriate 
qualification for surgical treatment will be intensified in the future, 
as an increasing number of children report for treatment with 
lower stage disease. Children with stage I Wilms’ tumor treated 
up to 2002 accounted for 33% of the total number of patients, 
while in subsequent years, they constituted as many as 53%, thus 
representing the predominant stage. Improvement in pediatric care 
with readily available ultrasonography has increased the number of 
early-diagnosed tumors. This is true especially in infants, in whom 

preservation of bilateral kidney function prevents hyperfiltration 
and protects them against potential renal failure in adult life [20]. 

ConCluSIonS

The authors believe that radical nephrectomy is an overly 
aggressive treatment modality in children with stage I Wilms’ 
tumor. Performing a simple nephrectomy is sufficient and is pos-
sible in every case, and nephron-sparing surgery does not decrease 
the chance of a cure and may dramatically improve patients’ qual-
ity of life in the future [21, 22]. To improve qualification for surgical 
treatment we propose the employment of NSS for stage Ia Wilms’ 
tumors and SN for stage Ib Wilms’ tumors. 
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