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Long-term locoregional control and pattern of recurrences after implementation of highly
conformal flank target volumes and image-guided Intensity-Modulated Arc Therapy for

pediatric Wilms tumors.
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Abstract

Introduction

Excellent outcomes in Wilms tumors (WT) have allowed efforts to reduce toxicity and
treatment burden while sustaining effectiveness. Concerning radiotherapy, ‘conventional’
flank target volumes combined with two opposing photon beams are now being replaced by
highly conformal flank target volumes combined with image-guided Intensity Modulated Arc
Therapy (IMAT), allowing better sparing of the organs at risk, but outcome descriptions based

on large cohorts are scarce.

Previously a cohort of 36 patients with excellent locoregional control at 2 years from diagnosis
using ‘modern’ flank irradiation has been described. This study aims to investigate
locoregional control outcomes, patterns of recurrence, and toxicity in an extended national

cohort of WT with a longer follow-up period.

Materials and methods

Newly-diagnosed patients with a WT, irradiated on the flank between 01-2015 and 08-2025
using highly conformal target volumes, as defined by the SIOP-RTSG consensus statement,

combined with IMAT were eligible for analysis. Four-year locoregional control rate (LCR),
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disease-free interval (DFIl), event-free survival (EFS), overall survival (OS), acute and estimated
late toxicity were assessed. For each locoregional recurrence, image co-registration and dose
reconstruction were performed to classify each recurrence as ‘infield” (V95%recurrence-IMAT:

299%), Imarginal’ (V95%recurrence-|MAT:20.0'98.9%) or 'Outfie|d' (V95%recurrence-|MAT: 3199%)

Results

Seventy patients received post-operative flank irradiation only (n=50) or combined with
metastatic site irradiation (n=20). With a median follow-up of 4.7 years, the estimated 4-year
LCR, DFI, EFS, and OS were 93.7%, 86.4%, 83.7% and 93.7%, respectively. Four patients
developed a locoregional recurrence, of whom one (marginal recurrence) could have been
better covered by the conventional approach. Nausea t+ vomiting requiring anti-emetics
developed in 34/63 (54%) patients. In 24/70 (34%) patients, major constraints violations,

mainly involving pancreatic tail and spleen, were observed.

Conclusion

This extended national cohort of WT patients confirms the excellent locoregional control rate,

using modern flank irradiation, even after a long-term follow-up.

Keywords:
Wilms tumors; IMAT; highly conformal flank target volumes; tumor recurrence; locoregional

recurrences; flank irradiation.
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Introduction

Renal tumors account for 5-6% of all pediatric malignancies, 73-90% of these are reported to
be nephroblastoma or Wilms tumor (WT) [1,2,3]. In the Netherlands, all children diagnosed
with a renal tumor are treated according to the guidelines of the International Society for
Pediatric Oncology - Renal Tumor Study Group (SIOP-RTSG) [4]. Postoperative radiotherapy
(RT) of the flank during first-line treatment is required in approximately 20% of children with
a WT [4,5].

Since the SIOP-RTSG radiotherapy consensus statement has been published, highly
conformal flank target volumes combined with modern radiotherapy techniques (onwards
named modern flank irradiation) are being stepwise introduced across the affiliated countries
to replace conventional volumes treated with two opposing anterior-posterior/posterior-
anterior (AP/PA) photon beams [6,7]. This revised target volume definition accounts for
postoperative changes and intra-fraction motion and allows better sparing of the surrounding
healthy tissue when combined with intensity-modulated arc therapy (IMAT) or proton
therapy [8,9]. However, using smialler radiation volumes may increase the rate of locoregional
recurrences compared with conventional flank RT. Initial single-center experience in the first
series of 36 patients in the Netherlands treated with highly conformal flank volumes and
IMAT, as well as a multi-center experience in a group of 40 patients in France treated with a
mix of conventional and highly conformal flank volumes combined with modern radiotherapy
techniques, demonstrated no abnormal recurrence pattern [5,7]. However, data on long-term
disease control with this new approach has not yet been reported so far.

Therefore, the aim of this project is to show the long-term loco-regional control and pattern
of recurrence after flank irradiation using highly conformal volumes combined with image-

guided IMAT in the extended national cohort of WT, with a longer follow-up.



Journal Pre-proof

Materials and methods

Patient selection

From January 2015 to August 2025, all children diagnosed with a renal tumor at the Princess
Mdxima Center (Utrecht, Netherlands) and who received radiotherapy at the affiliated
University Medical Center Utrecht (Utrecht, Netherlands) were eligible for analysis. From this
cohort, patients with non-Wilms tumors and patients with Wilms tumor who received whole-
abdomen irradiation, non-flank irradiation only, flank re-irradiation, or flank irradiation for a
locoregional recurrence were excluded. Patients with a local stage Il WT with diffuse
anaplastic histology, or a local stage Ill WT (without intraperitoneal rupture) intermediate-
/high-risk (IR/HR) histology were treated with flank irradiation according to the SIOP 2001
(EudraCT number 2007-004591-39), or the SIOP-RTSG UMBRELLA-2016 (EudraCT number
2016-004180-39) protocol and were included in the current descriptive analysis (institutional
review board approval number: PMCLAB2025.0728). The current analysis also includes WT

patients from the previous paper, but with a longer follow-up period [5].

SIOP-RTSG policy for Wilms Tumors

All patients aged between 6 months and 16 years with typical clinical and radiological features
of a Wilms tumor receive preoperative chemotherapy without a prior biopsy. In patients with
unilateral tumors pre-operative chemotherapy consists of 4 weeks of vincristine-actinomycin
or 6 weeks of vincristine-actinomycin-doxorubicin, respectively depending on the absence or
presence of distant metastases. This approach assesses tumor chemosensitivity, allows

downstaging of the primary tumor, and reduces the number of per-operative tumor ruptures
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and therefore, the subsequent need for more intensive chemotherapy and/or whole
abdomen irradiation. Afterwards, a pre-operative MRI is performed followed by a
nephrectomy with lymph node (LN) sampling. Based on the response to preoperative
chemotherapy, cell type, and tumor volume WT are classified into three risk groups: low risk
(cystic partially differentiated, completely necrotic), intermediate risk (regressive, mixed,
epithelial, stromal, and focal anaplasia), and high risk (blastemal and diffuse anaplasia). The
postoperative chemotherapy regimen is determined by tumor stage and risk group, and since
SIOP-RTSG UMBRELLA-2016 also by preoperative tumor volume (<500 ml vs. >500 ml) in

selected intermediate-risk subtypes (mixed, regressive, and focal anaplasia).

Regarding radiotherapy indications, flank irradiation is indicated for WT local stage Il
intermediate- and high risk and for local stage Il (with diffuse anaplasia only). Whole abdomen
irradiation (WAI) is indicated in cases of major rupture of the tumor or LN pre- or during
surgery, or in the presence of macroscopic peritoneal deposits at presentation, regardless of
the response to preoperative chemotherapy. Whole-lung irradiation (WLI) is recommended
for all high-risk patients with initial pulmonary metastases, as well as for intermediate-risk
patients with initial pulmonary metastatic disease who either have viable tumor in resected
lung metastases after preoperative chemotherapy or incomplete radiological remission of

pulmonary metastases at week 10 of postoperative chemotherapy.

The doses prescribed in the SIOP-RTSG approach take into account the risk group
(intermediate- vs. high risk), volume (flank vs. whole abdomen), metastatic site (lung), and
the age of the patient (younger or older than 2 years). More information about dose
prescriptions and fractionation schemes for flank irradiation, WAI, and WLI can be found in

the supplementary data (Table S1).
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Highly conformal flank irradiation

Magnetic resonance imaging (MRI, T1-weighted # intravenous Gadolinium contrast and T2-
weighted images, slice thickness of 1.5 mm, Achieva 1.5T, Philips Medical Systems, Best, the
Netherlands,) obtained after preoperative chemotherapy were rigidly co-registered to a
postoperative 4D planning computed tomography (CT, Brilliance, Philips Medical Systems,
Best, the Netherlands, slice thickness of 2-3 mm) with the patient in a supine position in a
vacuum mattress (Bluebag, Elekta, Stockholm, Sweden) and the arms wide along the body.
During nephrectomy, four surgical clips were placed in each patient to mark the borders of
the operative field, in accordance with the standard of care at our institution. Target volume
delineation is a multistep process that begins with contouring of the primary tumor using the
co-registered MRI performed after pre-operative chemotherapy, taking into account the
surgical clips and the post-operative organ shift (Table S2) [6, 10]. Specifically, after
delineation of the GTV and CTV, an Internal Target Volume (ITV) margin, defined as the
maximum intra-fraction motion registered by the 4D-CT, was generated. Since no primary
tumor is visible at the time of flank irradiation, and intrafraction motion is most pronounced
in the subdiaphragmatic area, motion of the superior clip is considered as a surrogate for
intra-fraction tumor bed motion [10]. When performing 4D-CT imaging, each complete
respiratory cycle during spontaneous breathing is registered as a series of ten phases acquired
at equally distributed time intervals. Additionally, a reference CT is created by calculating the
mean of the voxel intensity values from all phases of the breathing cycle and used to generate
the ITV. The superior clip is contoured on the reference scan, also on the phases
corresponding to maximum inspiration and expiration. Differences (in millimeters) between

these three positions of the superior clip are considered as indicators of the tumor bed motion
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during the respiratory cycle and used to personalize the ITV margins for each patient.
Depending on the size of the ITV (<10 cm or 210 cm in craniocaudal direction), a 0.3 cm or 0.5
cm isotropic margin, respectively, was added to the ITV to generate the Planning Target
Volume (PTV).

The prescribed doses for flank irradiation were based on the SIOP 2001/SIOP-RTSG
UMBRELLA-2016 protocols (Table S1). A boost dose was indicated only in cases of
macroscopic residual disease [11]. Target volume coverage was considered adequate if 95%
of the prescribed dose was given to at least 99% of the CTV (CTV V95%: 299%) and 95% of the
PTV (PTV V95%: >95%), respectively. During plan optimization, dose constraints were
considered for the kidney(s), spleen, pancreatic tail, liver, intestines, heart, lungs, and
mammary buds, as defined in the SIOP-2001/UMBRELLA-2016 protocol and additional papers
[12-20]. To avoid steep dose gradients across the vertebrae adjacent to the PTV, potentially
increasing the risk of asymmetrical vertebral growth due to the fact that the primary
ossification centers and growth plates are in the vertebral body and in the left and right side
of the vertebral arch, the left-to-right and ventral-to-dorsal dose gradients must be respected
[21]. For patients younger vs. older than 2 years, a RT dose gradient up to 3 Gy and 5 Gy is
allowed, respectively. The prescribed dose was delivered five days per week using an IMAT
with a full-arc 6 MV or 10 MV photon beam (Elekta Synergy, Elekta, Stockholm, Sweden). Daily
pre-treatment Cone Beam CT (CBCT) images (on-board Elekta XVI system, version 4.5.1,

Elekta, Stockholm, Sweden) were acquired for patient position verification and correction.

Acute and Estimated Late Toxicity



Journal Pre-proof

Acute toxicity, in particular nausea * vomiting, was assessed weekly during radiotherapy, and
within the first 2 weeks via telephone and it was classified into three categories: category 1,
no toxicity during RT; category 2, toxicity during RT not requiring anti-emetics; and category
3, toxicity during RT requiring at least one anti-emetic. Additionally, the association between
the incidence of nausea * vomiting and the laterality of flank irradiation (right vs. left) was

investigated.

To make an estimation of the potential late toxicity, the mean dose on the contralateral
kidney, heart, spleen, pancreatic tail, bowel, liver, and mammary buds was collected. Organ
constraint violations were classified into four categories: no violation; minor violation
(constraint exceeded by <2.0 Gy); major violation (constraint exceeded by >2.0 Gy) and not
applicable (e.g., risk of breast hypoplasia in male patients) [12-17, 19-20]. The analysis
considered the laterality of flank irradiation (left vs. right), the risk group (intermediate risk

vs. high risk) and whether flank and whole lung irradiation were combined or not.

Follow-up and analysis of outcome

Follow-up (FU) of patients included routine physical examination, chest X-ray, and abdominal
ultrasound, according to the SIOP 2001/SIOP-RTSG UMBRELLA-2016 protocols. Recurrences
were classified as local, regional, abdominal or distant. Tumor recurrence at the primary
tumor bed (nephrectomy site) was classified as a local recurrence. Tumor recurrence in the
para-aortic LN or in an area with tumor extension per continuitatem, e.g., tumor thrombus in
the inferior vena cava (IVC), was classified as a regional recurrence. The occurrence of either
of the two above-mentioned types of recurrence represents locoregional recurrence. A

recurrence caused by tumor spillage was classified as an abdominal recurrence. Disease

10
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recurrence in a LN outside the abdomen and/or metastases to the lungs, liver, brain, or
bone/bone marrow was considered distant recurrence.

For patients with a locoregional recurrence, MR-imaging at the time of recurrence was rigidly
co-registered with the CT in treatment position and the dose distribution from first-line RT.
Subsequently, each recurrence was delineated, and a dose reconstruction was conducted to
calculate the dose delivered to each recurrent site. Based on the dose reconstruction, a
recurrence was categorized as ‘infield’ if 2 99.0% of its volume received adequate coverage
(at least 95% of the prescribed dose), as ‘marginal recurrence’ if it was between 20-98.9%,
and as ‘outfield recurrence’ if it was less than 20%; ‘progression’ was defined as continuous
growth of residual tissue already present at the time of radiotherapy [5]. In addition, flank
radiotherapy plans were generated using CT-based conventional target volumes combined
with AP/PA photon beam arrangements, following the conventional approach of the SIOP-
RTSG UMBRELLA-2016 protocol [4]. The aim of this approach was to determine whether the
observed locoregional recurrences would have been more adequately covered by the
prescribed dose that would have been administered in case of combining conventional

volumes with two opposing photon beams (V95% recurrence-Ap-pa = 99%).

End points and statistical analysis

The primary endpoint was the Locoregional Control rate (LRC), defined as the absence of a
first local or regional recurrence. Secondary endpoints were Disease-Free Interval (DFl),
defined as the time to any recurrence (locoregional, abdominal, and distant), Event-Free
Survival (EFS), as the time to the first occurrence of any progressive disease or death from any
cause, Overall Survival (0S), as the time to death from any cause, incidence of nausea
tvomiting, and an estimation of potential late toxicity.

11
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All intervals were calculated from the date of diagnosis and censored at the event or the last
date of follow-up. The Kaplan-Meier method was used to estimate the 2- and 4-year
probabilities of LRC, DFI, EFS, and OS, with Greenwood 95% confidence intervals. Analysis was
performed using the R package version 4.4.0. Fisher’s exact test was used to assess whether

the incidence of nausea tvomiting differed between left and right flank irradiation.

Results

A group of 137 patients with a renal tumor underwent radiotherapy and were eligible for the
study. Sixty-seven patients were excluded because of a non-Wilms tumor (n=17), whole
abdomen irradiation or non-flank irradiation only (n=43), flank re-irradiation for a
locoregional recurrence (n=4) or flank irradiation for a locoregional recurrence (n=3) (Figure
1). A total of 70 WT patients, including 32 previously described [5], received flank
radiotherapy for an intermediate-risk (n=51) or high-risk (n=19) type of WT. Initially, 31/70
(44.3%) patients presented with metastatic disease, of which 20/70 (28.6%) received flank
combined with metastatic site irradiation. The main indications for post-operative flank
irradiation were positive section margins in 35/70 (50.0%) patients and LN involvement in
34/70 (48,6%) patients. An indication for RT based on LN involvement only was observed in
20/70 (28.6%) patients. Table 1 depicts the patient and tumor characteristics, and Table 2
summarizes the treatment details.

With a median follow-up duration of 4.7 years (range, 0.1-10.0 years), the estimated 2 and
4-year LCR were 93.7% (95% Cl: [87.5-99.9]) and 93.7% (95% Cl: [87.5-99.9]), respectively
(Figure 2A). In the entire cohort, disease recurrence was observed in 8/70 (11.4%) patients,
of whom 4/70 (5,7%) developed a locoregional recurrence. One patient had an isolated local
recurrence, one experienced concurrent regional and abdominal recurrence, and two

12
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presented with simultaneous locoregional and distant recurrence. All locoregional
recurrences occurred within 0.9 years from diagnosis.

The estimated 2-year DFI, EFS, and OS rates were 90.6% (95% Cl: [83.6-98.0]), 87.5% (95% Cl:
[79.8-96.0]), and 93.7% (95% Cl: [87.9—99.9]), respectively (Figure 2B-D). The corresponding
4-year estimates were 86.4% (95% Cl: [78.0-95.8]), 83.5% (95% Cl: [74.6—93.5]), and 93.7%
(95% Cl: [87.9-99.9]), respectively.

Table 3 illustrates detailed information about the four patients who developed a locoregional
recurrence. Patient one, with an initial indication for flank irradiation due to a positive section
margin, developed an infield local recurrence, in the ipsilateral adrenal gland region
(V95%recurrence-imaT: 100%) and an outfield regional recurrence (V95%recurrence-imat: 1.2%) in the
contralateral retro-crural region at level T12 corresponding to the para-aortic LN area,
combined with distant pulmonary recurrence. Patient two, who initially had received flank
irradiation due to a viable tumor thrombus in the IVC after preoperative chemotherapy,
experienced a marginal regional recurrence in the IVC (V95%recurrence-imaT: 93%) combined with
a synchronous abdominal recurrence, laterally to the contralateral remaining kidney. In the
third patient, flank irradiation was indicated because of a positive surgical margin within the
diaphragm ‘and an incompletely resected IVC tumoral thrombus. Eleven months after
diagnosis, the patient experienced an infield local recurrence dorsal to the right liver lobe,
just adjacent to the lateral insertion of the diaphragm (V95% recurrence-imat: 100%). Patient four
had received right flank irradiation due to the involvement of para-aortic LN simultaneously
with whole-lung irradiation. Eight months after diagnosis, the patient developed an ipsilateral
local recurrence at the inferior rim of the liver, just ventral to the hepatic flexure, with
prominent invasion in the hepatic parenchyma. The recurrence was classified as a marginal
recurrence (V95% recurrence-imaT: 32,1%). At the time of recurrence, all patients with a

13



Journal Pre-proof

locoregional recurrence underwent second-line therapy, including reirradiation. Doses and
volumes are specified in Table 3. At the last follow-up, all patients with a locoregional
recurrence were alive and without evidence of disease since reirradiation (range 0.9-8.9

years).

Data on acute toxicity was available for 63/70 patients included in the cohort. Nausea
tvomiting with or without the need for anti-emetics was observed in 34/63 (54 %) and 10/63
(16 %) patients, respectively. Left flank irradiation (£ WLI) was associated with higher odds of

toxicity compared to right flank irradiation (+ WLI) (OR = 2.56, 95% Cl: 0.74-9.82; p = 0.10).

Table 4 depicts the constraint violations of the organs at risk for each patient. Major
constraint violations were observed in 24/70 (34%) patients of whom 11, 9, 2, 1 and 1 patients
had respectively 1, 2, 3, 4, 5 violations. The pancreatic tail (13/24) and spleen (11/24)
constraints were most violated. When comparing left vs. right flank only RT in patients treated
with 14.4 Gy and 25.2 Gy, major violations were observed in 3/18 vs. 0/22 and 4/4 vs. 2/7
patients, respectively. When left vs. right flank RT was combined with WLI, major violations
were observed in 3/4 vs. 4/7(for 14.4 Gy) and 6/6 vs. 2/2 (for 25.2 Gy) patients, respectively.
Mean doses for every organ at risk for patients with an intermediate- and high-risk WT can

be found in the supplementary data (Table S3).

14
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Discussion

The 4-year locoregional control rate of 93.7% in this extended national cohort of 70 pediatric
patients with a WT confirms the oncological safety of using highly conformal flank target
volumes combined with IMAT. With an additional follow-up time of 4.2 years of the initial
cohort of 36 renal tumor patients, of which 32 were WT, no additional locoregional events
have been observed in this group [5]. Of the four locoregional recurrences, one could
potentially have been avoided by using the conventional volumes combined with AP/PA-

beams.

The LRC rate observed in our cohort since the introduction of highly conformal flank target
volumes and IMAT is in line with the international series using conventional volumes and
techniques. A study from the UK Children’s Cancer and Leukaemia Group (UK-CCLG) and
German Society for Pediatric Oncology and Hematology (GPOH) Wilms tumor trials, focusing
on stage lll patients with positive resection margins and registered in the SIOP-2001 protocol,
reported a 5-year local recurrence-free survival probability of 95.7% among 195 patients [22].
Also, a retrospective study of the GPOH involving 2386 patients with unilateral WT enrolled
over 32 years (1989-2020) in SIOP-9, SIOP-93-01, and SIOP-2001 reported a locoregional
recurrence rate of 4.9% with a median follow-up of 14.6 years [23]. Recently, an analysis of
the French PediaRT cohort demonstrated a 3-year LRC rate of 97.4 % in 40 pediatric renal
tumor patients treated with modern photon radiotherapy combined with a mix of
conventional and highly conformal flank volumes, compared to 94.7 % in 39 patients treated
with conventional 3D-RT mostly combined with conventional target volumes [7].

Highly conformal flank target volumes combined with modern RT approaches can reduce the
dose to the surrounding structures at risk such as the pancreas, spleen, contra-lateral kidney

15
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and colon and have the potential to decrease the incidence of late effects like diabetes
mellitus, metabolic syndrome, functional asplenia, chronic kidney disease and secondary
colorectal carcinomas as observed in long-term childhood cancer survivors [14,24-29], as
reported in a recent in silico study [8] in which twenty renal tumor cases were planned twice
using highly conformal flank volumes in combination with VMAT, and conventional flank
target volumes in combination with AP-PA. In 12/20 cases, the modern approach
demonstrated a potential clinical benefit by fulfilling the dose constraint of at least one organ
at risk otherwise violated by the conventional approach. The most notable differences
between the two approaches were observed for the pancreatic tail and the spleen.
Nonetheless, the same approach may inadvertently increase the risk of locoregional
recurrences. Therefore, in the current study, flank RT plans using conventional target volumes
and AP/PA beams were developed according to the SIOP-RTSG UMBRELLA-2016 protocol to
investigate whether the four loco-regional recurrences could have been avoided by using the
conventional approach. The analysis is especially important for the outfield and marginal
recurrences observed in this cohort. For the recurrent patients one, two, and three, it is clear
that the outfield and marginal locoregional recurrences would not have been avoided using
conventional target volumes combined with AP/PA beams (V95%recurrence-ap-pa < 99%). In
patient four, a right-sided WT, intermediate-risk stage 1V, the initial irradiated field included
the flank and para-aortic LNs due to LN involvement and was combined with whole-lung
irradiation. The patient developed a marginal recurrence at the inferior rim of the right hemi-
liver, ventral to the hepatic flexure of the colon (V95%recurrence-imat: 32.1%), which would have
been more adequately covered by the prescribed dose using the conventional approach
(V95%recurrence-ap-pa: 100%). However, to assess the potential origin of the voluminous

recurrence, the MRI performed after re-induction chemotherapy (SIOP-RTSG UMBRELLA
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2016 protocol, BB-regimen) and before surgery was analyzed in depth (volume reduction
from 197.6 ml to 14.7 ml). Although the recurrence remained a marginal one (V95%recurrence-
imAT: 25%), a clear regression pattern of the local recurrence towards the inferior rim of the
liver, which was covered by the 95% isodose of the first RT course, was noticed (Figure S1).
Considering this regression trend, it remains unclear whether the origin of the recurrence is
a result of an underestimation of the target volume or a consequence of a radioresistant
infield clone of the initial tumor.

The majority of the locoregional recurrences in this extended cohort was confined to the
retroperitoneum, aligning with the patterns observed in the French study [7]. Notably, 3/4
locoregional recurrent patients in our cohort presented with synchronous abdominal or
distant recurrence. Similar combined locoregional and distant recurrences were reported in
2/3 cases in the PediaRT cohort [7] and 5/8 cases in the UK-CCLG/GPOH-study [22].

All four locoregional recurrences occurred within the first year after diagnosis, which is
consistent with findings from the French PediaRT cohort [7]. In the UK-CCLG/GPOH cohort,
81.5% of recurrences (including other types of recurrences) were reported within two years
of treatment [22], and 77% of locoregional recurrences occurred within 24 months after
diagnosis in the GPOH cohort [23]. The latter report confirmed that age >48 months at
diagnosis represents a significant risk factor for developing a locoregional recurrence in WT.
This was also illustrated by Hol et al. in a retrospective study which included 5631 patients
registered prospectively in the SIOP-93-01 and SIOP-2001 trials [30]. In the present paper,
three cases with a locoregional recurrence are older than 48 months. In contrast to previous
literature, which emphasizes the increased risk of locoregional recurrence among patients
with a WT and high-risk histology [23], none of the patients who developed a locoregional
recurrence in this study had intermediate-risk histology.
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Implementing highly conformal target volumes in a multicenter setting can lead to substantial
inter-clinician variability, as demonstrated in a WT contouring study for both highly conformal
and conventional flank target volumes [31, 32]. To address this inter-clinician variability, COG-
and more recently the SIOPE-affiliated initiatives such as the QUARTET project (Quality and
Excellence in Radiotherapy and Imaging for Children and Adolescents with Cancer across
Europe in Clinical Trials), launched in 2016, provide a centralized, prospective radiotherapy
quality assurance program for pediatric solid tumor patients participating in clinical trials
[33,34]. In the first report from six QUARTET-affiliated trials, a rejection rate of 38% was
observed, mainly due to major deviations in target volume delineation [35]. To help bridge
this gap in delineation variability, deep learning-based auto-contouring may offer a promising
complementary approach. Currently, efforts are ongoing to develop a reliable Al-based auto-
contouring model for the flank target volumes. Previously, a robust auto-contouring model
has been developed for pediatric upper abdominal structures at risk, reducing delineation
time by up to 59%, improving delineation accuracy, and decreasing inter-observer variability
in WT [36,37]. The combination of these Al-driven projects, once demonstrated in a research
setting, can be implemented in routine clinical practice on an international scale.

‘The primary strength of this analysis lies in the inclusion of a uniformly treated national
patient cohort and the homogeneity and consistency of the protocol regarding target volumes
and technique, applied within a single high-volume institution. Moreover, for all consecutively
included patients, data regarding tumor, treatment, and imaging characteristics obtained
during treatment and follow-up were complete and available for this analysis. Nevertheless,
several limitations can be identified. The dosimetric analysis of recurrences within the cohort
was conducted based on rigid co-registration between the MRIs used to identify the
recurrences and the initial RT treatment plans. This approach may have led to inaccuracies in
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the calculation of the V95%recurrence-ivat due to inherent limitations of this type of co-
registration, particularly in the subdiaphragmatic region. At the same time, this single-
institution study cannot account for multicenter variability, particularly regarding the
implementation of highly conformal target volumes in routine clinical practice, which may

affect locoregional control rates.

In conclusion, our extended analysis of a larger national WT cohort with extended follow-up
further supports the evidence that highly conformal flank target volumes combined with
IMAT can achieve excellent long-term locoregional control rates. No aberrant locoregional
recurrence patterns were identified that can be unequivocally related to the use of this new

approach.
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Figure 1. Flowchart
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Abbreviations: Pts. = patients; RT = radiotherapy; N,n = number; WT = Wilms Tumor; CSSK=
Clear Cell Sarcoma of the Kidney; MRTK = Malignant Rhabdoid Tumor of the Kidney; RCC =

Renal Cell Carcinoma; re-RT = re-irradiation.

* Patients who initially didn’t have an indication for flank irradiation and who developed a

local recurrence.
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Table 1. Patient and tumor characteristics of the irradiated cohort (n=70).

Number (n=70) Percentage (%)
Patient Characteristics
Gender
Male 37 52.9
Female 33 47.1
Age at diagnosis (years)
Median (range) 3.7 (0.6-18.9)
Follow-up (years)
Median (range) 4.7 (0.1-10.0)
Tumor Characteristics
Overall Stage
I 6 8.6
Il 26 37.1
\Y) 29 41.4
V without metastasis 7 10.0
V with metastasis 2 2.9
Local Highest Stage
1 11 15.7
Il 59 84.3
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Histology
IR-Epithelial type 1 14
IR-Stromal type 8 11.4
IR-Mixed type 20 28.6
IR-Regressive type 22 314
HR-Blastemal type 3 4.3
HR-Diffuse anaplasia type 16 22.9

Reason for Local Stage IlI

SM+ only 15 21.4
LN+ only 20 28.6
IVC thrombus + 2 2.9
IVC thrombus+ and SM+ 8 11.4
IVC thrombus+ and LN+ 2 2.9
LN+ and SM+ 11 15.7
LN+ and SM+ and IVC thrombus+ 1 14

Abbreviations: WT = Wilms Tumor, IR = Intermediate-risk, HR = High-risk, RT = Radiotherapy,

Gy = Gray, LN = Lymph Node, SM = Section Margin, IVC = Inferior Vena Cava.

Table 2. Treatment characteristics of the irradiated cohort (n=70).
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Number (n=70) Percentage (%)
Surgery
Total nephrectomy 65 92.9
Partial nephrectomy 5 7.1
Radiotherapy
Time from surgery to start of RT (weeks)
Flank + para-aortic LN
Median (range) 4.1 (2.7-16.7)
Flank + para-aortic LN and lungs
Median (range) 12.6 (2.6-19.6)
Radiotherapy volume
Flank only 29 41.4
Flank + Para-aortic LN 21 30.0
Flank £ Para-aortic LN and Lung
Synchronous 15 21.4
Metachronous 2 2.9
Flank + Para-aortic LN, Lung and Liver
Synchronous 1 1.4
Flank + Para-aortic LN and Vertebrae
Synchronous 2 2.9
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Radiation elective dose

Flank + para-aortic LN

14.4 Gy 51 72.8
25.2 Gy 19 27.2
Lung
12 Gy 12 17.1
15 Gy 6 8.5
Vertebra
14.4 Gy 2 2.9
Liver
14.4 Gy 1 1.4

Radiation boost dose

Flank £ para-aortic LN

SEQ 25.2 Gy 3 4.2
SIB 22 Gy 2 2.9
32.2 Gy 1 1.4
Lung
SIB 22 Gy 9 12.8
27.5 Gy 3 4.2
32 Gy 2 2.8
Liver
22 Gy 1 1.4
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Abbreviations: RT = Radiotherapy, Gy = Gray, LN = Lymph Node, SEQ = sequential boost,

SIB= simultaneous integrated boost.

Table 3. Patients with a locoregional failure as first event.
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Y 22/ RT2
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4 I+ Para-Ao 1.5 LF, 0.7y the liver rgi 32,1% 100% 2/1 Osi?l-
R LN,WL  14. nal 8 pRTZ
4/1
.8

Abbreviations: L = Left, R = Right, IR = Intermediate-risk, IVC = Inferior Vena Cava, RT1 =
Radiotherapy Course 1, Gy = Gray, Para- Ao LN = Para-aortic lymph nodes, WLI = Whole Lung
Irradiation, SIB = Simultaneous Integrated Boost, LF = local failure, RF= regional failure, DF =
distant failure, AF = abdominal failure, y = years, M1 PUL = pulmonary metastasis, WAI =
whole abdomen irradiation, V95% recurr- IMAT = volume of the GTV at recurrence receiving
95% of the prescribed dose in the IMAT planning technique during course 1, V95% recurr- AP-
PA - volume of the GTV at recurrence receiving 95% of the prescribed dose when using
conventional volumes in combination with a AP-PA planning technique, NED = no evidence of

disease.

*The dose received by all sites of macroscopic recurrence.
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Table 4. Organ at risk constraint violations per patient in the cohort (N
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Green cell = no violation; Orange cell = minor violation (<2.0 Gy); Red Cell = major violation (>

2.0 Gy); Blue cell = Not applicable; White cell = Dmean of organ not available

Abbreviations: M = male; F = female; L = left; R = right; WLI = whole lung irradiation; Gy = Gray;
CKD = chronic kidney disease; SMN = secondary malignant neoplasm; SOS = Sinusoidal

Obstruction Syndrome.

* Boost dose for the flank residue was delivered using an equivalent simultaneous

integrated boost fractionation scheme.

**Patient received also concomitantly whole liver irradiation (14.4 Gy).
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