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The effect of therapy on renal function after unilateral nephrectomy for Wilms’ tumour was studied. In
the second year following unilateral nephrectomy, glomerular filtration rate (GFR) and effective renal
plasma flow (ERPF) were estimated simultaneously by measuring '**I-iothalamate clearance and
Bll-hippurate clearance. Of 41 evaluable patients, 29 received chemotherapy as sole treatment modality
following nephrectomy (group 1); 12 patients additionally received radiation therapy to a field that
included the remaining kidney (group 2). Results were expressed as standard deviation scores (z-
scores). In group 1, mean z-score for GFR was —0.27 (94.6% of normal) and in group 2 mean z-score
was —1.51 (72.7% of normal for two kidneys) (P = 0.022, Mann-Whitney U-test). Mean z-score for ERPF
was —0.09 (97.0%) in group 1 and -1.53 (73.8%) in group 2 (P=0.039). It was concluded that the
combination of chemotherapy and radiation therapy, in contrast to chemotherapy alone, negatively
affects the ability of the remaining kidney to adjust its function after the loss of its counterpart.
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INTRODUCTION

WrTH cuURre rates for childhood malignancies increasing, the
number of long-term survivors of cancer in the paediatric
population grows. Therefore, information on late side-effects
of treatment is of increasing interest. Information on long-
term sequelae of therapy is also needed for the design of
new treatment strategies that search for an optimal balance
between anticancer efficacy and treatment-related toxicity. In
children with Wilms’ tumour, a high cure rate has been
achieved with surgery, radiation therapy and chemotherapy
[1-4]. Therefore, to further improve the outcome of treat-
ment, we must evaluate each one of the specific treatment
modalities not only with respect to their contributions to
survival but also with respect to toxicity. Examples of treat-
ment-specific long-term sequelae in Wilms’ tumour patients
include the loss of a kidney as a result of surgery, the risk of
second malignant tumours associated with radiation therapy
and a chance of cardiovascular problems due to chemotherapy
(doxorubicin) [5].
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This report deals with the impact of radiation therapy on
renal function in Wilms’ tumour patients. After unilateral
nephrectomy in childhood, the remaining kidney generally
adjusts its function and size to the new situation: this phenom-
enon is described as a compensatory hypertrophy of the kidney
[6,7]. In children who have had a nephrectomy for Wilms’
tumour, the ability of the remaining kidney to adjust to the
increased demand might be impaired owing to antiproliferat-
ive agents and/or irradiation. Therefore, we studied glomeru-
lar filtration rate and effective renal plasma flow in Wilms’
tumour patients who were treated by multimodality therapy;
specifically, we were interested in the impact of irradiation on
the remaining kidney.

PATIENTS AND METHODS

48 consecutive patients with newly diagnosed Wilms’
tumour were considered for this study. Two children from
overseas had to be excluded because they had returned to
their home countries before the time of the renal evaluation. 5
patients relapsed before the tests were done and were also
excluded. Thus, the subjects of this study are 41 unselected
children, 16 boys and 25 girls. Median age at diagnosis was 3
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years and 3 months, ranging from 5 months to 9 years and
9 months.

Patients were treated on institutional protocols that were
similar to treatment protocols of the National Wilms’ Tumor
Study [1, 2]. All children received vincristine and acti-
nomycin-Dj; 12 patients received doxorubicin as a third cytos-
tatic agent (median cumulative dose 300 mg/m?, range 150—
480 mg/m?). Radiation therapy to lungs and/or abdomen was
given as indicated by tumour extension. Relevant for this
study is that 12 patients received postoperative irradiation to
a field that included the remaining kidney; actual radiation
doses to the remaining kidney ranged from 1000 to 1500 cGy
in daily fractions of 125-150 c¢Gy. There was one exception
who received 2250 cGy in 15 fractions because of bulky
residual intraperitoneal disease. Of the 12 patients who were
treated with irradiation on the remaining kidney, 8 also
received doxorubicin. In 29 cases, no irradiation was given to
the remaining kidney.

Two groups of patients were compared. Group 1 included
the patients who received only chemotherapy as postoperative
treatment (n=29); group 2 included the patients who also
received radiation therapy with the remaining kidney in the
field (n=12). The distribution of patient characteristics
between the two groups is shown in Table 1.

Measurement of glomerular filtration rate (GFR) and effec-
tive renal plasma flow (ERPF) at the Division of Paediatric
Nephrology was part of the standard care for Wilms’ tumour
patients, and was scheduled early in the second year after
nephrectomy, when chemotherapy had been discontinued for
an ample period. GFR and ERPF were estimated simul-
taneously by measuring '?’I-iothalamate clearance and '3'I-
hippurate clearance using a continuous infusion technique
with an indwelling bladder catheter [8-10]. Briefly, GFR was
calculated as the quotient of !?’I-iothalamate excretion rate
and '*’I-iothalamate plasma concentration at steady state;
ERPF was calculated as the quotient of '*'I-hippurate
excretion rate and '*'I-hippurate plasma concentration at
steady state.

Renal function varies with age. Therefore, measured values
for GFR and ERPF were expressed as standard deviation
scores. Data were transformed into standard deviation scores
using the following formula:

z=(x—W)/o,
where z represents the standard deviation score, x is a meas-

ured value for GFR or ERPF, . is the mean and o the
standard deviation of the normal value for the age of the

Table 1. Patient characteristics

Group 1 Group 2
Number of patients 29 12
Male/female ratio 10/19 6/6
Median (range) age in months
At diagnosis 33 (5-117) 45 (14-112)
At renal function test 43 (18-139) 62 (25-125)
Median (range) interval in months 13 (11-22) 13 (11-22)

between diagnosis and renal
function test
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patient. We used a chart with normal values for GFR and
ERPF which is a routine reference at the Division of Paediatric
Nephrology of the Beatrix Children’s Hospital; this chart is
based on data from the literature [11-14]. In addition to the
standard deviation scores, measured GFR and ERPF are also
presented as a percentage of mean normal values for children
of the same age with two kidneys.

Differences in GFR and ERPF between the patients that
did or did not receive irradiation to the remaining kidney
(group 1 versus group 2) were tested by the Mann—Whitney
U-test using the CSS statistical software package [15,16].

RESULTS

Estimated values of GFR and ERPF for each individual
patient are listed in Table 2. A summary of the data, transfor-
med to standard deviation scores, is shown in Table 3. Data
are presented for the whole group of 41 evaluable patients and
for the children that did or did not receive irradiation on
the remaining kidney. There was a statistically significant
difference in GFR between group 1 and group 2. In group 1,
comprising the children that did not receive irradiation to the
remaining kidney, the mean standard deviation score for GFR
was —0.27 versus —1.51 in group 2 (P=0.022). ERPF was
also lower in the irradiated children: mean standard deviation
score was —1.53 in group 2 versus —-0.09 in group 1
(P=0.039). The distributions of standard deviation scores for
GFR in children who did or did not receive irradiation to the
remaining kidney are graphically represented in Figure 1.

To facilitate the understanding of the order of magnitude of
the differences, mean values of GFR and ERPF were calcu-
lated as a percentage of normal values for age-matched chil-
dren with two kidneys. In the children that did not receive
irradiation, mean GFR and ERPF were 94.6 and 97.0%,
respectively. In the irradiated children, mean GFR was 72.7%
of normal; mean ERPF was 73.8% of normal. For all patients,
mean GFR was 88.1% and mean ERPF was 89.8%.

DISCUSSION

We evaluated renal function in Wilms’ tumour patients, 1
year after nephrectomy. Overall, results seem to be satisfac-
tory. Mean GFR and ERPF were almost 90% of normal
values for age-matched children with two normal kidneys.
Results are particularly reassuring in children who did not
receive irradiation to the remaining kidney; their mean GFR
and ERPF 1 year after nephrectomy were 94.6 and 97.0% of
normal values for two kidneys, respectively. Thus, chemo-
therapy with vincristine, actinomycin-D and doxorubicin after
nephrectomy does not affect the ability of the remaining
kidney to adjust. This observation is consistent with the data
of Bhisitkul and associates [17], who found normal values for
renal functional reserve of the non-irradiated kidney, 9-23
years after unilateral nephrectomy for Wilms’ tumour.

The addition of irradiation to chemotherapy, however,
appears to result in a reduced potential of the kidney to
adjust to the increased demand. In the children who received
irradiation, mean GFR was 72.7% of normal; mean ERPF
was 73.8%. Standard deviation score averaged —1.51 for GFR
and -1.53 for ERPF. Although a renal function in the range
of 75% may not pose an immediate threat to the patients, our
study provides information only at one single time point 1
year after treatment. At that time, median age of the irradiated
children was 5 years. Longer follow-up is needed to determine
what happens to the kidney when these children grow up to
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Table 2. Primary data per individual patient

Patient no. Irradiation* Doxorubicint Aget GFR ERPF
(cGy) (mg/m?) (months) ml/min 2-score ml/min z-score
1 18 31.0 0.57 126.0 -0.08
2 20 34.0 0.84 153.0 0.62
3 22 25.6 —0.88 103.1 -1.14
4 24 36.0 0.67 189.0 1.39
5 25 23.9 -1.43 105.8 -1.29
6 26 23.9 -1.51 76.0 -2.28
7 28 22.3 -1.91 77.6 -2.36
8 150 28 24.8 -1.52 120.0 -1.07
9 29 32.3 —0.46 138.0 -0.61
10 29 45.8 1.59 221.0 1.89
11 270 30 29.0 -1.04 123.0 -1.13
12 32 34.8 -0.36 156.0 -0.30
13 36 31.8 -1.10 148.6 -0.82
14 43 40.1 -0.55 184.6 -0.31
15 43 27.5 -2.08 108.6 -2.39
16 50 36.9 -1.37 149.2 -1.72
17 51 42.7 —0.79 168.0 -1.29
18 53 71.9 2.18 541.0 8.17
19 55 43.1 -0.99 163.0 -1.66
20 55 66.0 1.38 277.0 1.23
21 65 55.5 -0.35 285.1 0.71
22 66 63.1 0.28 281.1 0.55
23 67 59.9 -0.03 317.2 1.32
24 67 32.3 -2.53 198.0 -1.51
25 480 93 62.9 -0.54 240.0 -1.41
26 300 104 63.1 —0.81 262.0 -1.29
27 112 56.4 -1.54 249.9 -1.78
28 125 67.7 -0.97 257.0 -2.00
29 139 187.0 7.41 803.8 7.99
30 1500 25 17.9 -2.41 101.5 -1.42
31 1500 27 32.9 -0.17 138.8 -0.42
32 1500 420 38 15.7 -3.34 79.9 -2.90
33 1500 400 57 30.9 -2.33 121.2 -2.82
34 1000 300 58 46.8 -0.78 197.0 -0.98
35 1500 60 33.1 -2.23 152.0 -2.22
36 1000 300 62 45.2 -1.15 172.0 -1.83
37 1000 270 63 47.0 -1.03 201.0 -1.19
38 1500 420 69 63.6 0.24 289.3 0.57
39 2250 74 36.2 -2.35 202.7 -1.64
40 1000 150 123 67.0 -0.98 301.0 -1.07
41 1200 150 125 60.5 -1.52 236.0 -2.41

*Total dose to the remaining kidney; +Total cumulative dose administered; $Age at the time of the measurements. GFR, glomerular filtration
rate; ERPF, effective renal plasma flow; z-score, standard deviation score.

Table 3. Summary of glomerular filtration rate and effective renal
plasma flow, transformed to standard deviation scores

All patients  Group 1 Group 2 P-value*
GFR, -0.57+1.74 -0.27+£1.82 -1.51+£1.05 0.022
mean = S.D.
(z-score)
ERPF, ~0.51+2.28 —0.09+2.52 -1.53+1.01 0.039
mean + S.D.
(z-score)

*Difference between group 1 and group 2; Mann—Whitney U-test.
GFR, glomerular filtration rate; S.D., standard deviation; ERPF,
effective renal plasma flow; z-score, standard deviation score.

adolescence and adulthood. Vascular effects of irradiation
may become manifest in the course of time: chronic radiation
nephropathy may not be diagnosed until 10-14 years follow-
ing therapy [18].

The measurement of the '?’I-iothalamate clearance with
the continuous infusion technique is an accurate method for
the determinatin of GFR. Sigman and associates [9] compared
100 simultaneous clearances of inulin and radiolabelled iothal-
amate over a range from 2 to 167 ml/min and showed that
inulin and iothalamate clearance are practically identical; the
ratio of iothalamate to inulin clearance was 1.005. Thus, when
inulin clearance is considered as the gold standard for GFR,
we can estimate GFR accurately by measuring !?*I-iothala-
mate clearance. The estimation of ERPF using !*'I-hippurate
is based on the same principles [{8-10].

Some studies of renal function after treatment for Wilms’
tumour used methods that lack sufficient precision. For
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Figure 1. Distribution of standard deviation scores for glom-
erular filtration rate in irradiated and non-irradiated patients.

instance, serum creatinine concentration is a widely used
measure of renal function, but it has been shown that a given
level of creatinine in serum can be associated with a wide range
of values for GFR [19]). The measurement of endogenous
creatinine clearance for the estimation of GFR also has its
limitations. An increasing tubular secretion of creatinine in
case of a decreasing GFR, variability in dietary protein intake,
strenuous exercise and the presence of non-creatinine chroma-
togens in the assay are all factors that can influence the
reliability of the measured creatinine clearance [20]. Further-
more, the practical problems of collecting a reliable 24-h urine
sample in young children for the calculation of creatinine
clearance are obvious.

One of the early studies on renal function following neph-
rectomy for malignant disease in children was published in
1969 by Mitus and colleagues [21]. This was a retrospective
study in which the interval between nephrectomy and renal
evaluation ranged between 6 months and 18 years. Virtually
all patients were irradiated. Urinalysis, creatinine clearance,
serum urea and intravenous urograms were used as para-
meters for renal function. It was concluded that normal renal
function could be preserved, if irradiation to the remaining
kidney was kept below 1200 c¢Gy (orthovoltage). The inci-
dence of abnormal creatinine clearance in patients who
received 1200-2400 ¢Gy was 33%. Although the results of
Mitus and associates [21] could be consistent with our observ-
altions, caution is needed in the interpretation because both
the irradiation and chemotherapy used differed from current
standards; also, parameters of renal function were different in
our study.

Jereb and associates [22] investigated retrospectvely
whether the dose of radiation to the remaining kidney made a
difference for renal function. These investigators used an
accurate technique for the estimatation of GFR and ERPF
and were unable to show a difference in renal function
between patients that received 250 c¢Gy orthovoltage versus
1700 gCy given by a cobalt-60 unit. A caveat in this sindy,
indicated by the authors, was that the interval between treat-
ment and renal studies was substantially longer in patients
who received the lower dose of radiation. Jereb and associates
did not study a group of children who did not receive
irradiation.

Wikstad and colleagues [23] also used an accurate method
for the measurement of renal function; they reported on 22

S.S.N. de Graaf ez al.

Wilms’ tumour patients and 15 patients who had undergone
a nephrectomy for hydronephrosis. In the Wilms’ tumour
patients, all of whom had received both radiation therapy and
chemotherapy, GFR was significantly lower than in patients
with hydronephrosis who obviously did not receive irradiation
and chemotherapy. ERPF was the same in both groups. Mean
GFR in the Wilms’ tumour patients was 82% of GFR in
children with two normal kidneys; this is in accordance with
our findings in the irradiated children.

A comparison between two groups of Wilms’ tumour pa-
tients that did or did not receive irradiation to the remaining
kidney was carried out by Walker and associates [24]. In both
groups, creatinine clearance was significantly lower than in
normal controls; there was no difference between the groups.
Barrera and colleagues [25] found a subnormal average creati-
nine clearance in 16 patients in whom 3000 cGy irradiation
was directed to the tumour bed, not to the contralateral
kidney. Our reservations about the accuracy of creatinine
clearance have already been discussed. The influence of treat-
ment modality on GFR was also investigated by Levitt and
associates; follow-up time ranged from 7 to 19 years [26].
Their results were puzzling: patients who received radiation
therapy between 130 and 1200 c¢Gy to the remaining kidney
had a GFR that was significantly higher than in patients who
received either a higher dose of radiation therapy (1200-1720
c¢QGy) or no irradiation at all.

Obviously, variability in follow-up time is a potential con-
founding factor when treatment groups are compared with
respect to late side-effects. In each of the above retrospective
studies on renal function, the interval between treatment and
the assessment of renal function was extremely variable. In
our study, the renal evaluation for each patient was done in
the second year after nephrectomy. Interpatient variability in
the interval between treatment and measurement of GFR and
ERPF was small compared to previous studies. An interval of
at least 1 year between nephrectomy and the measurement of
renal function appears more than sufficient to achieve a new
functional steady state: a few weeks after unilateral nephrec-
tomy, an increase in GFR and ERPF of the remaining kidney
occurs which remains stable thereafter [27, 28].

The size of the contralateral kidney after treatment for
Wilms’ tumour has been the subject of several retrospective
studies with conflicting results. Cassady and associates [29]
used urograms to measure growth rate of the remaining kidney
in 11 children that received 1200 cGy to the kidney compared
to 12 children that did not receive irradiation to the kidney.
The difference in mean growth rates between the irradiated
kidneys  (0.50 cm/year) and non-irradiated  kidneys
(0.65 cm/year) suggested that 1200 cGy irradiation therapy
has an impact on renal growth rate, although the difference
was not statistically significant. Walker and colleagues [24]
also reported on renal growth following nephrectomy for
Wilms’ tumour. They measured the ratio of lumbar vertebral
length and renal length on serial X-rays, making the debatable
assumption that vertebral growth was not affected by radiation
therapy. Using this method, they were unable to show an
influence of irradiation on the growth of the remaining kidney.

Mikipernaa and associates [30] used ultrasound to measure
the size of the remaining kidney in 30 cases, 11-28 years after
nephrectomy for Wilms’ tumour. All but 2 patients were
treated with chemotherapy; none received irradiation directed
to the remaining kidney. The mean length of the remaining
kidney was 2.0 standard deviations larger than reference
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values for healthy children. This observation confirms the
occurrence of a compensatory hypertrophy after chemo-
therapy; the investigators did not compare results with chil-
dren who also received radiation therapy. Wikstad and associ-
ates [23] measured renal size by urography in patients who 5—
30 years before had received a unilateral nephrectomy for
either hydronephrosis or Wilms’ tumour; all Wilms’ tumour
patients had received radiation therapy and most were also
treated with chemotherapy. They found a compensatory
hypertrophy in both groups, but the remaining kidney was
significantly smaller in Wilms’ tumour patients than in hydro-
nephrosis patients.

Our study focused on function rather than size of the
remaining kidney. Nevertheless, a reduced growth of the
remaining kidney after unilateral nephrectomy, as has been
reported by some investigators, might be the anatomical
reflection of a compromised renal function as a result of ther-
apy.

In conclusion, we have shown that, following unilateral
nephrectomy for Wilms’ tumour, both GFR and ERPF are
significantly lower in patients who received radiation therapy
to the remaining kidney in combination with chemotherapy,
when compared to patients who received only chemotherapy.
Although renal function in the irradiated children should still
be sufficient to meet normal demands, adverse effects of
radiation may increase over the years. Therefore, longer fol-
low-up of renal function in these patients, including monitor-
ing of blood pressure, proteinuria and microalbuminuria, will
be needed to assess the ultimate sequelae of treatment.

We acknowledge that radiation therapy has made a major
contribution to the improvement of cure rates in children
with Wilms’ tumour. The results of our study support the
implementation of clinical trials that address the question of
whether radiation therapy on the remaining kidney can be
further reduced or avoided in selected groups of patients
without compromising high survival rates.
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