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ABSTRACT

cancer risk associated with low doses.

Nephroblastoma is the most common kidney tumor in children, accounting for 6% of all pediatric tumors. This tumor most commonly occurs between one and
five years of age with a peak incidence around three and a half years. Multidisciplinary treatment combining neo-adjuvant chemotherapy followed by surgery and
radiotherapy has achieved an overall survival of 90% at 10 years. This radiotherapy is optimal when it makes it possible to deliver an optimal dose of radiation while
preserving the healthy developing organs in this subject. Conformational intensity modulation radiotherapy (IMRT) by linear accelerator or helical tomotherapy
and hadrontherapy make it possible to respect this principle. These irradiation techniques were not available in our practice setting. We used a three-dimensional
conformational radiotherapy technique for pan-abdominal irradiation of a nephroblasm while respecting the dosimetric constraints required in IMRT. Indeed, a
rigorous optimization of three-dimensional conformational radiotherapy by a good delineation of the volumes of interest and a multiplication of the irradiation
beams makes it possible to approach new radiotherapy techniques in terms of dose coverage, compliance with dosimetric constraints with reduction secondary
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Introduction

Nephroblastoma, or Wilms tumor, is the most common kidney
tumor in children, most commonly occurring between one and
five years of age with a peak incidence around three and a half
years. Multidisciplinary treatment (chemotherapy-surgery-
radiotherapy) allows an overall survival of 90% at 10 years (1).
Intensity-modulated radiation therapy (IMRT) either with a particle
accelerator or with helical tomotherapy can deliver an optimal dose
of radiation while preserving healthy developing organs in this
subject (2). This irradiation technique was not available in our

practice setting. We report the case of a nephroblastoma treated
by a three-dimensional conformational radiotherapy (RC3D)
technique with respect to the dose constraints decreed by the
IMRT.

Observation and Method

This was a 5-year-old patient with no pathological history with
up-to-date vaccination status who presented with symptoms that
had progressed over the past 5 months consisting of increased
abdominal volume, pain and abdominal discomfort. Ultrasound
then abdominal CT scan revealed a solidocystic mass of left renal
origin, which may be related to a nephroblastoma (fig 1).

Figure 1: Abdominal CT scan showing a left renal solidocystic mass suggesting nephroblastoma
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She had neo-adjuvant chemotherapy with three courses of
Vincristine, Adriamycin and Actinomycin D followed by an
enlarged left total nephrectomy with node dissection and the
anatomopathological examination of the operative part found a
predominantly blastematous nephroblastoma (60%) with capsular
breakage and lymph node involvement. The lesion was classified
stage I1I of the SIOP. The chemotherapy was completed in seven
courses with adjuvant vincristine and Adriamycin. At first, she had
not received radiotherapy and 5 months later, she presented an
evolutionary disease at the level of the nephrectomy compartment

(fig 2).

Figure 2: Abdominal CT scan showing progressive continuation
after the first enlarged left total nephrectomy with dissection

After a new negative extension workup, she underwent revision
surgery with resection in healthy margins. Three-dimensional
conformational radiotherapy (RC3D) has been indicated as an
adjuvant. After a simulation scan with 3 mm sections from the
sternal fork to the pelvic diaphragm, we delineated the organs at
risk such as both lungs, heart, liver, right kidney, spinal cord and
vertebrae as well as the target volumes by defining three dose
levels:

1. A target abdomen volume in toto corresponding to PTV 1
(Planning Treatment Volume) with a prescribed dose of 10.5
Gy in 7 fractions of 1.5 Gy per fraction.

2. Aleft flank target volume corresponding to PTV 2 at a dose
of 15 Gy, this PTV 2 is included in PTV 1 and an additional
dose of 4.5 Gy in 3 fractions has been added.

3. A target volume of the left renal compartment of the site of
the evolutionary disease corresponding to PTV 3 at a dose
of 19.5 Gy, This volume is also included in PTV | and PTV
2 and an additional dose of 4.5 Gy has been added.

Six beams were used in ballistic planning and the dosimetry is
carried out in three stages:

-For the 10.5 Gy PTV, two oblique beams were used for this
planning:

An oblique beam angulation of the Arm 312°, Rotation of the
collimator 0°, Rotation of the base of the table 0°.

An oblique beam angulation of the 135° Arm, Rotation of the
collimator 0°, Rotation of the base of the table 0°.

These two beams are shaped around the 10.5 Gy PTV with a
margin of 0.3 cm using the blades and treated with an energy of
10 MV, and a weighting 52.33% and 47.67% respectively of the
prescribed dose.

-For the PTV 15 Gy two oblique beams were used for this planning
An oblique beam angulation of the Arm 328°, Rotation of the
collimator 356°, Rotation of the base of the table 0°;

An oblique beam angulation of the Arm 153.5°, Rotation of the
collimator 2°, Rotation of the base of the table 0°.

These two beams are shaped around the PTV 15 Gy with a margin
of 0.2 cm using the blades and treated with an energy of 6 MV,
equal-weighted (50% each) of the prescribed dose.

-For the PTV 19.5 Gy two oblique beams were used for this
planning.

An oblique beam angulation of the 332° Arm, Rotation of the
collimator OA, Rotation of the base of the table 0°.

An angled beam of the 154° Arm, Rotation of the collimator 0°,
Rotation of the table base 0°.

These two beams are shaped around the PTV 19.5 Gy with a
margin of 0.2 cm using the blades and treated with an energy of
6 MV, equal-weighted (50% for each beam) of the prescribed
dose ( fig 3).
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Figure 3: 6-field technique in 3D conformal radiotherapy

This dosimetric planning allowed the development of dose volume
histograms (HDV) taking into account the dose constraints on
target volumes and organs at risk for the entire treatment (table 1).
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Table 1: Treatment plan with dosimetric constraints on target volumes and organs at risk

Statsics | gty |

Stuchre Vohme (o) Mn.Dose(Gy) Max.Dose(6y) MeanDose(5y) CodRef. (Gy) Vome<(m?) Vome<(%) HotRef. (6)) Vokme>(on) Vohme>(%) %hinoume NS5  Heterogensitylndex  Confomity Index
v is T83.350/ 1. 20.600 17645 14.606 T75.556) 99.00 100.00 | yes L35
v s 5,359 T7.9% 05% B35 BS8| 18453 9900 100,00 yes 107
VT 7655 5.7 20053 178 061 2709186 900 10000 yes 185
| Carbon Fiber e 0.000 0.000 0,000 9.7 o 10
Cor .02 5 15587 (=D 20000 0.0m 0 10000 yes e
Contour externedlngp Tes.) %53 0021 2014 [E! %53 no 703
| Foam Core EEE 0.000] 0.000 0,000 | EEIE

foe 817.0% 9.5 581 502 20000 308 131 10000 yes 181
[ 787 0.3% 15215 0,535 30.000 .00 000 10000 yes »37
V105 ] 3175 2103 .11 05 294220 9500 10000 yes 187
v s 647 1108 280 4% W7 90216 9500) 10000 yes 1%
PV 185 8|1 15809 255 T B 2728 9500] 10000 yes 07
Pouman Droit 330,155 0.150 15,306 412 15.000 0.6 0.9 100.00 | yes B9
Poumen gauche 537 0.152 122 529 15.000 457 Lﬁ{ 100.00] yes 507
Ren dott 7567 084 3 1L073 12000 .00 00 10000 yes 103
sertebras 0T [ 1£5% 12889 15.000 ﬁ.bﬁ{ nﬁ{ 00.00] yes L8

During these 13 radiotherapy fractions, only grade I digestive
toxicity like diarrhea was noted.

Discussion

Nephroblastoma is the most common kidney tumor in children
and accounts for 6% of all pediatric tumors. More than 75% of
patients are under 5 years old . About 25% of these tumors will
undergo abdominal radiotherapy and / or metastatic sites .
Postoperative abdominal radiotherapy should be started within 14
days of surgery, as any delay in starting radiotherapy has an impact
on overall survival . Performing this radiotherapy is complex,
due to the consideration of preoperative tumor volumes and the
movement of the abdominal organs postoperatively (3-6). In
localized and lateralized forms, three-dimensional conformational
radiotherapy with two opposing beams is a standard, and it has
not been shown that three-dimensional conformational irradiation
by multiple beams or even conformational radiotherapy with
intensity modulation, is of benefit compared to irradiation with
two antero-posterior beams, while the long-term sequelae of
abdominal irradiation with a two-dimensional technique are low
(3). In large pelvic or median forms of nephroblastoma and in
case of pan-abdominal irradiation of the nephroblastoma as in
our patient conformational radiotherapy with intensity modulation
either by particle accelerator or by helical tomotherapy, and proton
therapy may be recommended, for allow better protection of
the remaining kidney, especially in the event of pan-abdominal
irradiation, and the pericardium in the event of bi-pulmonary
irradiation . However, a better definition of the target volumes by
defining dose levels and a multiplication of the entry points for
RC3D can make it possible to reduce the irradiation of the organs
at risk, mainly the contralateral kidney, the pericardium and the
vertebrae by a homogeneous distribution of the dose and reduction
of the dose gradient of intensity modulated irradiations as well as
the low dose problem, which could increase the theoretical risk of
second cancer .A rigorous optimization of the three-dimensional
conformational radiotherapy by a good delineation of the volumes
of interest and a multiplication of the irradiation beams makes it
possible to approach new radiotherapy techniques in terms of dose
coverage, compliance with dosimetric constraints, especially in
sub-Africa. -Saharan where the transition from two-dimensional
to three-dimensional radiotherapy has just been completed (7-9).

Conclusion

Three-dimensional conformational radiotherapy remains a standard
in adjuvant irradiation of localized forms of nephroblastoma and
better optimization of this technique by careful delineation of
target volumes and multiplication of beams in flank or abdomen
irradiation in toto is required.
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