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abstract

PURPOSE International comparisons of patient demographics, tumor characteristics, and survival can shed light
on areas for health care system improvement. The International Society of Pediatric Oncology Wilms Tumor
2001 trial/study registered patients through national clinical study groups in Western Europe and Brazil. This
retrospective post hoc analysis of the International Society of Pediatric Oncology Wilms Tumor 2001 database
aims to make visible and suggest reasons for any variations in outcomes.

METHODS All patients with unilateral Wilms tumor (WT), age. 6months, treated with preoperative chemotherapy
as per protocol, and registered between 2001 and 2011 were eligible. Countries were grouped to give comparable
case numbers and geographical representation. Cox univariable and multivariable (MVA) statistics were applied,
with the German collaborative group (Gesellschaft für Pädiatrische Onkologie und Hämatologie—Austria,
Germany, and Switzerland) as reference for hazard ratios for event-free survival (EFS) and overall survival (OS).

RESULTS A total of 3,176 eligible patients were registered from 24 countries assigned into six groups. Age and
histologic risk group distribution were similar across all groupings. The distribution of WT stage varied by country
grouping, with 14.9% (range, 11.1%-18.2%) metastatic at diagnosis. Median follow-up was 78.9 months. For
localized WT, 5-year EFS varied from 80% (Brazilian group) to 91% (French group; P , .0001), retaining
significance only for Brazil in MVA (P = .001). Five-year OS varied from 89% (Brazilian group) to 98% (French
group; P, .0001). In MVA, only superior OS in France was significant (P = .001). Five-year EFS/OS for stage IV
did not vary significantly. High-risk histology and tumor volume at surgery were significantly associated with
increased risk of death in MVA for metastatic disease.

CONCLUSION International benchmarking of survival rates from WT within a large trial/study database has
demonstrated statistically significant differences. Clinical interpretation should take account of variation in tumor
stage but also treatment factors.
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INTRODUCTION

International comparisons of cancer survival rates can
highlight areas for health care improvement.1 These
include opportunities for earlier diagnosis, reducing
variation in how standardized treatments are applied,
and revealing differences in tumor biology between
populations. Ideally, such comparisons use population-
based cancer registry data to avoid any selection bias in
the study cohorts.2 The disadvantage of using cancer
registry data is that they often lack relevant details of
patient demographics and tumor characteristics used
for clinical risk stratification, treatments given, and if
relapse occurred.

Childhood cancer survival rates vary widely between
countries and world regions.3 Many factors account for
these disparities, including national income status
(World Bank country classifications by income level),
characteristics of health care systems, accuracy of
diagnosis and risk stratification, quality of treatment,
supportive care, proportion of patients included in
trials, and differences in tumor biology.4,5

Clinical trial data sets can be used for such compar-
isons, particularly in childhood cancers where the
clinical community has a history of enrolling a high
proportion of all cases into international cooperative
group studies. Such within-trial comparative analyses
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have revealed national differences in tumor volume and
stage at diagnosis in Wilms tumor (WT),6 neuroblastoma,7

and Ewing sarcoma, and in timing and use of radiotherapy
and more intensive chemotherapeutic strategies in several
childhood cancers (Hodgkin8 and Burkitt lymphomas,9

Ewing sarcoma,10 retinoblastoma,11 and germ cell
tumors12). For a childhood cancer such as WT, where
5-year overall survival (OS) rates approach 90%, under-
standing such variations may have as great an impact on
optimizing treatment and relapse-free survival as intro-
duction of new therapies.

In the International Society of Pediatric Oncology Wilms
Tumor 2001 (SIOPWT2001) study, all participating insti-
tutions committed to offering registration to all consecutive
newly diagnosed children with renal tumors and to apply a
standardized diagnostic and risk-stratified treatment pro-
tocol. The clinical trial database provides a rich clinical
registry for interrogating variation in patient demographics
and tumor characteristics, treatments given, and event-free
survival (EFS) and OS rates. Hence, we undertook a ret-
rospective post hoc analysis of the SIOPWT2001 database
to make visible and suggest reasons for the differences in
survival rates observed between some geographical regions
and to suggest possible strategies for further improvements
in WT management.

METHODS

Participants

Patient inclusion criteria for this analysis were all patients
with histologically proven stage I-IV unilateral WT,
age . 6 months at diagnosis, treated with preoperative
chemotherapy before tumor resection, and registered in the
SIOPWT2001 study opening in June 2001 until December
31, 2011. This cutoff date was chosen since Grupo
Cooperativo Brasileiro para o Tratamento do Tumor de
Wilms (GCBTTW) and Children’s Cancer and Leukemia
Group—United Kingdom, Republic of Ireland, Australia,
and New Zealand (CCLG) closed the study on this date to

new patient registration, although it continued as a regis-
tration study in some other countries.

Twenty-four countries had registered patients meeting
these criteria in the SIOPWT2001 study. They were
grouped into six cohorts for this analysis, labeled as GPOH
(Gesellschaft für Pädiatrische Onkologie und
Hämatologie—Austria, Germany, and Switzerland); SFCE
(Société Française de lutte contre les Cancers et les
leucémies de l’Enfant et de l’adolescent—France); CCLG
(Children’s Cancer and Leukaemia Group—Australia, Re-
public of Ireland, New Zealand, and United Kingdom);
NOPHO-BSPOH-DCOG (Nordic Society of Paediatric
Haematology and Oncology: Denmark, Norway, and
Sweden—NOPHO; Belgian Society of Paediatric Haema-
tology Oncology—BSPOH—Belgium; Dutch Children’s
Oncology Group—DCOG—the Netherlands); GCBTTW
(Brazilian Wilms’ Tumor Study Group-Brazil); SIOP-OTHER
(Argentina, Croatia, Czech Republic, Greece, Italy, Poland,
Serbia andMontenegro, Slovak Republic, Slovenia, and the
Spanish national group, Sociedad Española de Hema-
tologı́a y Oncologı́a Pediátricas); participating countries are
listed in the Data Supplement. Only the SFCE and GCBTTW
groups comprised a single country (France and Brazil,
respectively).

The cohort analyzed comprised 3,176 patients with lo-
calized and metastatic unilateral WT. The median follow-up
was 78.9 months.

Diagnosis, Tumor Staging, and Treatment

The SIOPWT2001 randomized trial and study has been
described fully elsewhere.13 Nonrandomized patients fol-
lowed a standardized approach to diagnosis, risk stratifi-
cation, and preoperative and postoperative treatment
according to the protocol recommendations.

In SIOPWT2001, only abdominal ultrasound and chest
X-ray (posteroanterior plus lateral view) were mandatory
diagnostic investigations, but cross-sectional imaging of the
abdomen by computed tomography (CT) or magnetic
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resonance imaging scan and CT scan for lung or medi-
astinal nodal metastases were according to national rec-
ommendations and practice. Three-dimensional tumor
volume was recorded at diagnosis and after completion of
preoperative chemotherapy, according to whichever im-
aging method had been applied.

The preoperative chemotherapy was standardized accord-
ing to whether metastases were detected at diagnosis: a
4-week regimen of two drugs (actinomycin-D and vincristine
[AV]) for cases with localized disease, or a 6-week regimen of
three drugs (AV and doxorubicin [AVD]) for cases with
metastatic disease, followed by unilateral nephrectomy.

Central review of pathology was highly recommended and
was performed in 87.2% of all cases but only in 25% in
GCBTTW. The International Society of Pediatric Oncology
(SIOP) histologic classification of WT treated with preop-
erative chemotherapy considers three risk groups, which
take account of the relative proportion of viable tumor cells
and necrotic or regressive changes: low-risk (100% ne-
crotic), intermediate-risk (epithelial, stromal, mixed, re-
gressive type, and focal anaplasia), and high-risk (diffuse
anaplasia and blastemal type).14

After nephrectomy, the intensity and duration of postop-
erative chemotherapy, combined with radiotherapy (if
necessary), was determined by tumor histologic risk
classification and stage.

The randomized SIOPWT2001 clinical trial compared post-
operative chemotherapy with doxorubicin versus no doxo-
rubicin in patients with stage II or III WT with intermediate-risk
histology and the reduced therapy experimental group
(without doxorubicin) became the new standard of care after
March 2011 for this subgroup of patients.

Radiotherapy to the flank/abdomen was recommended for
abdominal tumor stage II (only diffuse anaplasia) and III
(intermediate-risk and high-risk), and radiotherapy to
metastatic sites was recommended for metastases that
could not be resected completely, showed incomplete
response to chemotherapy, or where the kidney tumor was
of high-risk histology, regardless of response.

Ethical Approval

National and local regulatory and ethical approvals were
obtained according to national regulations in all partici-
pating countries. Written informed consent for participation
was obtained from the parents or legal representatives of
the patients and included use of data for secondary ana-
lyses. The steering committee of the SIOP Renal Tumor
Study Group (SIOP-RTSG) approved the research proposal
for the current study, and anonymized data analyses were
made available to the researchers through statistical reports
generated by data scientists of the SIOP-RTSG office.

Statistical Analysis

EFS was defined as the time from diagnosis until recur-
rence or death from any cause, whichever was observed

first. OS was the time from diagnosis to last follow-up or until
death from any cause. Patients without an event were
censored at their time of last follow-up.

Survival distributions were calculated using the Kaplan-
Meier technique and compared using the log-rank tests.
Hazard ratios and the corresponding 95% CIs were esti-
mated with the use of Cox proportional-hazardsmodels. For
the adjusted model (multivariable [MVA] model), all vari-
ables from the univariable analysis were included. Global
P values were derived from the Wald statistic. The pro-
portional hazards assumption was confirmed by visual
inspection of the curves.

RESULTS

Patient Demographics and Tumor Characteristics

The demographic, tumor characteristics, and diagnosis of
3,176 patients included in this analysis is shown in Table 1.
The overall F/M ratio was 1.13 (range, 0.99-1.29). Sex and
age distribution was similar across all groups with no sta-
tistically significant variation. Stage distribution varied
significantly between country groupings, with the highest
proportion of stage I disease (53.4%) observed in GPOH
and more metastatic disease in CCLG (stage IV: 18.2%).
The proportions of tumors classified as low risk, interme-
diate risk, or high risk showed some variation that did not
reach statistical significance, although the SFCE indicated
more high-risk tumors (16.7%) than the other groups
(11.7%-14.5%). Within the high-risk tumors, diffuse ana-
plasia was reported in only six of 48 high-risk tumors
(12.5%) in the Brazilian group compared with 162 of 436
(38.5%) in all high-risk tumors.

Mean tumor volume at diagnosis varied from 464 mL in the
GPOH group to 665 mL in the CCLG group (P , .001).
GCBTTW had the smallest change in tumor volume fol-
lowing preoperative chemotherapy (mean 259 mL),
whereas CCLG had the most noticeable shrinkage (mean
356 mL; Data Supplement).

Treatment

For patients with localized disease, postoperative chemo-
therapy consisted of only two drugs (AV) or less in 57.7%.
Additional doxorubicin, which is included in both the AVD
and high-risk regimens used for some risk-stratified post-
operative chemotherapy regimens, was used least often in
GPOH cases. More than half of the metastatic patients
(55.8%) were treated with AVD and 36.5% received the
high-risk regimen with four drugs (Table 2). Data on
postoperative chemotherapy regimen were missing in
10.4% and 16.5% of all cases with localized tumors and
metastatic disease, respectively.

Outcomes

The 5-year EFS and OS for the whole cohort were 85.6%
(95% CIs, 84.3 to 86.9) and 93.0% (95% CIs, 92.1 to
93.9), respectively. In Kaplan-Meier analyses, EFS for lo-
calized disease (stages I-III, all WT subtypes) varied by
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country grouping (P, .0001, Fig 1 and Data Supplement).
For metastatic disease, the country group EFS and OS
variations did not reach statistical significance (Data
Supplement, P = .33, and Data Supplement, P = .065).
Crude and adjusted hazard ratio with 95% CIs for country/
group, age, sex, stage, histologic risk, and tumor volume at
surgery for localized and metastatic disease are shown in
Tables 3 and 4, respectively. For localized disease, CCLG
and GCBTTW showed a higher risk of relapse on uni-
variable analysis, but this retained significance only for
GCBTTW in MVA (P = .001). Other independent prognostic
factors for EFS were age (P , .0001), stage III (P = .001),
high-risk histology group (P, .0001), and tumor volume at
surgery (P , .0001). For metastatic disease, only high-risk
tumors (P, .001) and tumor volume at surgery (P = .001)
were associated with increased risk for relapse, with no
significant associations with country grouping.

Comparative analysis of OS showed the SFCE group had
significantly better OS for localized disease than the other
groups (P = .001). Stage II (P = .04) and III (P , .0001),

high-risk tumors (P, .0001), and tumor volume at surgery
(P , .0001) were associated with increased risk of death.
Only high-risk tumors (P , .0001) and tumor volume at
surgery (P , .0001) were significantly associated with an
increased risk of death in MVA for metastatic disease
(Table 4).

Toxicity

Death by treatment-related toxicity differed between
country groups. The GCBTTW group had the highest
percentage of deaths from toxicity (12.2%). Three children
died of second cancers (two acute myeloid leukemia and
one osteosarcoma; Table 5).

DISCUSSION

Since 1971, seven studies and trials conducted by the
SIOP-RTSG (formerly known as SIOP Nephroblastoma
Group) have contributed to improvements in the diag-
nostics and management of WT.15 In the most recent
completed trial (SIOPWT2001) reported here, the number
of participating centers expanded to 251 from 26 countries,

TABLE 1. Demographic, Stage, and Histology Risk Group Characteristics by Country and Study Group

Characteristic GPOH % SFCE % CCLG %
NOPHO-

BSPOH-DCOG %
SIOP-
OTHER % GCBTTW % Total % P

No. 786 687 636 396 339 332 3,176

Sex .222

Male 373 47.5 300 43.7 287 45.1 196 49.5 166 49.0 167 50.3 1,489 46.9

Female 413 52.5 387 56.3 349 54.9 200 50.5 173 51.0 165 49.7 1,687 53.1

F:M ratio 1.11 1.29 1.22 1.02 1.04 0.99 1.13

Age, years .294

0.5-2 197 25.1 179 26.1 156 24.5 108 27.3 82 24.2 89 26.8 811 25.5

2-4 258 32.8 228 33.2 232 36.5 156 39.4 127 37.5 116 34.9 1,117 35.2

4-18 331 42.1 280 40.8 248 39.0 132 33.3 130 38.3 127 38.3 1,248 39.3

Stage , .001

I 420 53.4 266 38.7 226 35.5 179 45.2 168 49.6 132 39.8 1,391 43.8

II 139 17.7 158 23.0 141 22.2 87 22.0 61 18.0 88 26.5 674 21.2

III 104 13.2 163 23.7 153 24.1 74 18.7 70 20.6 75 22.6 639 20.1

IV 123 15.6 100 14.6 116 18.2 56 14.1 40 11.8 37 11.1 472 14.9

Histologic risk group .117

Low 47 6.0 26 3.8 42 6.6 26 6.6 22 6.5 16 4.8 179 5.6

Intermediate 647 82.3 546 79.5 516 81.1 315 79.5 269 79.4 268 80.7 2,561 80.6

High 92 11.7 115 16.7 78 12.3 55 13.9 48 14.2 48 14.5 436 13.7

Blastemal 51 55.4 77 67.0 39 50 26 47.3 33 68.8 40 83.3 266 61.0

DA 41 44.6 38 33.0 39 50.0 29 52.7 15 31.2 6 12.5 168 38.5

NOS 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 2 4.2 2 0.5

Abbreviations: CCLG, Children’s Cancer and Leukemia Group (United Kingdom and Republic of Ireland, and some institutions in Australia and New
Zealand); DA, diffuse anaplasia; GCBTTW, Grupo Cooperativo Brasileiro para Tratamento de Tumor de Wilms (Brazil); GPOH, Gesellschaft für Pädiatrische
Onkologie und Hämatologie (Germany, Austria, and some institutions in Switzerland); NOPHO-BSPOH-DCOG, Nordic Society of Paediatric Haematology and
Oncology (Denmark, Norway, and Sweden—NOPHO), Belgian Society of Paediatric Oncology and Haematology (Belgium—BSPOH), and Dutch Children’s
Oncology Group (the Netherlands—DCOG); NOS, no other specified; SFCE, Societé Française de lutte contre les Cancers et les leucémies de l’Enfant et de
l’adolescent (France); SIOP-OTHER (Argentina, Croatia, Czech Republic, Greece, Italy, Poland, Serbia and Montenegro, Slovak Republic, Slovenia, and the
Spanish national group, Sociedad Española de Hematologı́a y Oncologı́a Pediátricas)
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including Brazil, a large upper-middle–income country.13

The SIOPWT2001 study protocol has been adapted for use
in several low- and middle-income countries to improve
survival chances in these settings.16,17 To our knowledge,
however, this is the first time that the SIOP-RTSG has
performed an internal comparative analysis of its own study
database to look for and understand the basis of any
geographical variations to support future research and
improvement work.

The analysis presented here found differences in clinical
demographics, treatment, and survival outcomes among
geographic populations who registered patients in
SIOPWT2001 trial and study. Many potential reasons for
these observed variations are considered.

There was a significant difference in the distribution of
stages I, II, or III among children with localized WTs by
country group (P , .001). This was especially notable
comparing the proportions with stage I WT between GPOH
and CCLG (53.4% v 33.5%, respectively). CCLG also has a
higher mean tumor volume at diagnosis. Pritchard-Jones
et al18 have suggested that these differences could be
explained by distinct characteristics of national health care
systems, with fewer cases diagnosed incidentally in the
United Kingdom compared with Germany.

There was also variation in the proportion of patients with
metastatic disease at diagnosis, ranging from 11.1%
(Brazil) to 18.2% (CCLG), with the other European regions
having intermediate proportions (GPOH 15.6%, SFCE
14.6%, and NOPHO-BSPOH-DCOG 14.1%). This variation
may be partially explained by the sensitivity of the imaging
modalities used for detection of metastases. The
SIOPWT2001 trial and study required a chest X-ray in a
posteroanterior and lateral view and although chest CT was
common practice, it was not mandatory. The exact number
of patients who had chest CT at diagnosis was not fully
documented. The apparent lower proportion of patients
presenting with metastases in Brazil could be explained by
greater reliance on chest X-rays for staging purposes
compared with other groups. Chest X-rays are known to
reliably show nodules 1 cm or more in diameter, and chest
CT has a higher sensitivity for detection of smaller lesions
(, 1 cm).19 Analysis of SIOPWT2001 data has shown that
survival of patients with CT-only detected lung lesions
(typically 3-10 mm) was inferior to that of true localized-
disease patients and superior to that of patients with
metastatic disease.20 A further reason for the low proportion
of patients with stage IV in Brazil is due to the fact that not all
Brazilian centers registered their metastatic patients. Some

TABLE 2. Postoperative Chemotherapy for Localized Disease and Metastatic Disease by Country and Study Group

Postoperative Chemotherapy GPOH % SFCE % CCLG %
NOPHO-

BSPOH-DCOG % GCBTTW %
SIOP-
OTHER % Total %

No. of patients, localized (I-III) 663 587 520 340 295 299 2,704

No. missing 20 3.0 38 6.5 93 17.9 45 13.2 23 7.8 63 21.1 282 10.4

No. with chemotherapy 643 549 427 295 272 236 2,422

No postchemotherapy given 10 1.6 2 0.4 19 4.4 4 1.4 2 0.7 5 2.1 42 1.7

VCR only 0 0.0 1 0.2 2 0.5 0 0.0 1 0.4 0 0.0 4 0.2

AV 392 61.0 280 51.0 223 52.2 177 60.0 147 54.0 132 55.9 1,351 55.8

AVD 183 28.5 183 33.3 134 31.4 90 30.5 88 32.4 76 32.2 754 31.1

4-drug regimen 58 9.0 83 15.1 49 11.5 24 8.1 34 12.5 23 9.7 271 11.2

Any doxo 241 37.5 266 48.5 183 42.9 114 38.6 122 44.9 99 41.9 1,025 42.3

No. of patients, metastatic (IV) 123 100 116 56 37 40 472

No. missing 10 8.1 13 13.0 32 27.6 8 14.3 8 21.6 7 17.5 78 16.5

No. with chemotherapy 113 87 84 48 29 33 394

AV 18 15.9 4 4.6 2 2.4 2 4.2 4 13.8 0 0.0 30 7.6

AVD 66 58.4 48 55.2 47 55.9 25 52.1 13 44.8 21 63.6 220 55.8

4 drugs 29 25.7 35 40.2 35 41.7 21 43.7 12 41.4 12 36.4 144 36.5

Any doxo 95 84.1 83 95.4 82 97.6 46 95.8 25 86.2 33 100.0 364 92.4

Abbreviations: 4-drug regimen, cyclophosphamide, doxorubicin, carboplatin, and etoposide; AV, actinomycin-D and vincristine; AVD, actinomycin-D and
vincristine and doxorubicin; CCLG, Children’s Cancer and Leukemia Group (United Kingdom and Republic of Ireland, and some institutions in Australia and
New Zealand); Doxo, doxorubicin; GCBTTW, Grupo Cooperativo Brasileiro para Tratamento de Tumor de Wilms (Brazil); GPOH, Gesellschaft für Pädiatrische
Onkologie und Hämatologie (Germany, Austria, and some institutions in Switzerland); NOPHO-BSPOH-DCOG, Nordic Society of Paediatric Haematology and
Oncology (Denmark, Norway, and Sweden—NOPHO), Belgian Society of Paediatric Oncology and Haematology (Belgium—BSPOH), and Dutch Children’s
Oncology Group (the Netherlands—DCOG); SFCE, Societé Française de lutte contre les Cancers et les leucémies de l’Enfant et de l’adolescent (France);
SIOP-OTHER (Argentina, Croatia, Czech Republic, Greece, Italy, Poland, Serbia andMontenegro, Slovak Republic, Slovenia, and the Spanish national group,
Sociedad Española de Hematologı́a y Oncologı́a Pediátricas); VCR, vincristine.
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TABLE 3. EFS Stratified by Country Grouping and Risk Factors: Cox Univariable and Multivariable Analyses

Characteristic

EFS

Localized Metastatic

EFS 60 Months
(95% CI) Global P a

HR Crude
(95% CI)b

Global P
Adjustedb

HR Adjusted
(95% CI)b

EFS 60 Months
(95% CI) Global P a

HR Crude
(95% CI)b

Global P
Adjusteda

HR Adjusted
(95% CI)b

Groups

GPOH 90 (88 to 93) , .0001 1.0 .0018 1.0 78 (70 to 85) .33 1.0 .65 1.0

SFCE 91 (88 to 93) 0.94 (0.66 to 1.35) 0.86 (0.59 to 1.25) 74 (65 to 83) 1.11 (0.65 to 1.89) 1.07 (0.62 to 1.86)

CCLG 85 (82 to 88) 1.65 (1.19 to 2.29) 1.35 (0.94 to 1.96) 76 (68 to 84) 0.97 (0.57 to 1.63) 0.81 (0.47 to 1.41)

NOPHO-BSPOH-DCOG 88 (85 to 92) 1.26 (0.85 to 1.88) 1.14 (0.75 to 1.73) 68 (56 to 82) 1.43 (0.78 to 2.59) 1.09 (0.58 to 2.08)

GCBTTW 80 (75 to 85) 2.31 (1.63 to 3.28) 1.90 (1.29 to 2.79) 61 (47 to 79) 1.82 (0.97 to 3.39) 1.25 (0.65 to 2.4)

SIOP-OTHER 87 (82 to 91) 1.34 (0.86 to 2.07) 1.27 (0.81 to 2.00) 77 (64 to 92) 0.94 (0.43 to 2.07) 0.66 (0.28 to 1.53)

Age, years

Per unit , .0001 1.009 (1.007 to 1.012) , .0001 1.01 (1.0 to 1.01) .14 1.004 (0.999 to 1.009) .74 1.0 (1.0 to 1.01)

Sex

Male 87 (85 to 89) .17 1.0 .24 1.0 78 (72 to 84) .14 1.0 .20 1.0

Female 89 (87 to 90) 0.86 (0.69 to 1.06) 0.87 (0.69 to 1.10) 71 (65 to 77) 1.31 (0.91 to 1.88) 1.28 (0.87 to 1.88)

Stage

I 91 (89 to 92) , .0001 1.0 .0024 1.0

II 88 (85 to 90) 1.32 (1.00 to 1.74) 1.14 (0.84 to 1.53)

III 82 (79 to 85) 2.06 (1.60 to 2.65) 1.62 (1.22 to 2.14)

IV 74 (70 to 78)

Risk

Intermediate 89 (88 to 90) , .0001 1.0 , .0001 1.0 78 (74 to 83) , .0001 1.0 , .0001 1.0

Low 97 (93 to 100) 0.28 (0.10 to 0.76) 0.26 (0.08 to 0.80) 91 (83 to 99) 0.37 (0.15 to 0.92) 0.42 (0.17 to 1.05)

High 77 (72 to 81) 2.20 (1.71 to 2.82) 1.73 (1.31 to 2.29) 32 (22 to 47) 5.16 (3.51 to 7.58) 5.12 (3.34 to 7.85)

Volume at
surgery/100 mL

Per unit , .0001 1.10 (1.08 to 1.13) , .0001 1.07 (1.05 to 1.10) , .0001 1.12 (1.07 to 1.17) .0018 1.09 (1.03 to 1.14)

Abbreviations: CCLG, Children’s Cancer and Leukemia Group (United Kingdom and Republic of Ireland, and some institutions in Australia and New Zealand); EFS, event-free survival; GCBTTW, Grupo
Cooperativo Brasileiro para Tratamento de Tumor de Wilms (Brazil); GPOH, Gesellschaft für Pädiatrische Onkologie und Hämatologie (Germany, Austria, and Switzerland); HR, hazard ratio; HR adjusted,
multivariable analysis adjusted by all single variables; HR crude, univariable analysis; NOPHO-BSPOH-DCOG, Nordic Society of Paediatric Haematology and Oncology (Denmark, Norway, and
Sweden—NOPHO), Belgian Society of Paediatric Oncology and Haematology (Belgium—BSPOH), and Dutch Children’s Oncology Group (the Netherlands—DCOG); SFCE, Societé Française de lutte
contre les Cancers et les leucémies de l’Enfant et de l’adolescent (France); SIOP-OTHER (Argentina, Croatia, Czech Republic, Greece, Italy, Poland, Serbia and Montenegro, Slovak Republic, Slovenia and
the Spanish national group, Sociedad Española de Hematologı́a y Oncologı́a Pediátricas).

aThe global P value indicates whether any of the subgroups of a factor (and thus the factor as a whole) is associated with the outcome (EFS).
bBy setting one of the subgroups of a factor as a reference (often the largest group) with HR = 1, we have compared the HRwith this reference group. If the HR . 1, the risk is increased, and a HR risk ,

1 indicates a better outcome. If the CI includes one, the effect is not significant at the .05 level.
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TABLE 4. OS Stratified by Country Grouping and Risk Factors: Cox Univariable and Multivariable Analyses

Characteristic

OS

Localized Metastatic

OS 60 Months
(95% CI) Global P a

HR Crude
(95% CI)b

Global P
Adjusteda

HR Adjusted
(95% CI)b

OS 60 Months
(95% CI) Global P a

HR Crude
(95% CI)b

Global P
Adjusteda

HR Adjusted
(95% CI)b

Groups

GPOH 96 (94 to 98) , .0001 1.0 .0004 1.0 86 (79 to 92) .06 1.0 .30 1.0

SFCE 98 (97 to 99) 0.43 (0.22 to 0.84) 0.30 (0.15 to 0.62) 85 (78 to 92) 0.96 (0.48 to 1.89) 0.80 (0.39 to 1.66)

CCLG 93 (91 to 95) 1.54 (0.95 to 2.50) 1.08 (0.63 to 1.87) 82 (75 to 90) 1.12 (0.60 to 2.10) 0.91 (0.46 to 1.77)

NOPHO-
BSPOH-DCOG

95 (93 to 98) 0.99 (0.53 to 1.84) 0.87 (0.45 to 1.66) 72 (61 to 85) 1.93 (0.98 to 3.81) 1.50 (0.71 to 3.16)

GCBTTW 89 (86 to 93) 2.29 (1.39 to 3.79) 1.70 (0.97 to 2.96) 69 (55 to 86) 2.08 (0.99 to 4.7) 1.47 (0.67 to 3.22)

SIOP-OTHER 95 (93 to 98) 1.05 (0.51 to 2.14) 1.01 (0.49 to 2.09) 91 (82 to 100) 0.56 (0.16 to 1.90) 0.50 (0.14 to 1.72)

Age, years

Per unit , .0001 1.009 (1.005 to 1.014) .30 1.0 (1.0 to 1.01) .05 1.006 (1 to 1.012) .84 1.0 (0.99 to 1.01)

Sex

Male 94 (93 to 96) .29 1.0 .32 1.0 86 (82 to 91) .04 1.0 .07 1.0

Female 96 (94 to 97) 0.83 (0.59 to 1.16) 0.83 (0.57 to 1.20) 78 (73 to 84) 1.59 (1.01 to 2.49) 1.58 (0.97 to 2.56)

Stage

I 98 (97 to 98) , .0001 1.0 , .0001 1.0

II 95 (93 to 97) 2.24 (1.39 to 3.63) 1.75 (1.04 to 2.95)

III 90 (87 to 92) 4.64 (3.04 to 7.07) 3.10 (1.93 to 4.96)

IV 82 (78 to 86)

Risk

Intermediate 97 (96 to 98) , .0001 1.0 , .0001 1.0 78 (74 to 83) , .0001 1.0 , .0001 1.0

Low 98 (96 to 100) 0.50 (0.12 to 2.04) 0.68 (0.16 to 2.78) 94 (89 to 100) 0.58 (0.20 to 1.61) 0.65 (0.23 to 1.82)

High 83 (79 to 87) 5.40 (3.83 to 7.62) 4.34 (2.94 to 6.41) 34 (24 to 49) 8.99 (5.75 to 14.05) 7.95 (4.81 to 13.15)

Volume at
surgery/100 mL

Per unit , .0001 1.13 (1.10 to 1.17) , .0001 1.09 (1.05 to 1.13) , .0001 1.16 (1.11 to 1.21) .0001 1.11 (1.05 to 1.17)

Abbreviations: CCLG, Children’s Cancer and Leukemia Group (United Kingdom andRepublic of Ireland, and some institutions in Australia and New Zealand); GCBTTW, Grupo Cooperativo Brasileiro para
Tratamento de Tumor de Wilms (Brazil); GPOH, Gesellschaft für Pädiatrische Onkologie und Hämatologie (Germany, Austria, and some institutions in Switzerland); HR, hazard ratio; HR adjusted,
multivariable analysis adjusted by all single variables; HR crude, univariable analysis; NOPHO-BSPOH-DCOG, Nordic Society of Paediatric Haematology and Oncology (Denmark, Norway, and
Sweden—NOPHO), Belgian Society of Paediatric Oncology and Haematology (Belgium—BSPOH), and Dutch Children’s Oncology Group (the Netherlands—DCOG); OS, overall survival; SFCE, Societé
Française de lutte contre les Cancers et les leucémies de l’Enfant et de l’adolescent (France); SIOP-OTHER (Argentina, Croatia, Czech Republic, Greece, Italy, Poland, Serbia and Montenegro, Slovak
Republic, Slovenia, and the Spanish national group, Sociedad Española de Hematologı́a y Oncologı́a Pediátricas).

aThe global P value indicates whether any of the subgroups of a factor (and thus the factor as a whole) is associated with the outcome (OS).
bBy setting one of the subgroups of a factor as a reference (often the largest group) with HR = 1, we have compared the HRwith this reference group. If the HR . 1, the risk is increased, and a HR risk ,

1 indicates a better outcome. If the CI includes one, the effect is not significant at the .05 level.
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institutions registered only cases that were randomized
(stage II or III, intermediate-risk WT; B. de Camargo,
personal communication, September 2021).

An important aspect of the SIOP-RTSG studies is the avail-
ability of central pathology review (CPR). This has revealed
discrepancies between local pathology report and CPR re-
garding staging of localized disease in 9%-18% of cases.21,22

The most frequent discrepancy was between stage I and II.

This fact needs to be considered when interpreting the stage
distribution in our current analysis. This also has an impact
on treatment intensity and may influence outcome.

CPR is important for standardization of histologic risk group
classification. The frequency of discrepancies in histologic
subtype has varied from 14% in SIOP 93-0123 to 23% in
SIOPWT2001 (unpublished data). Perhaps, most impor-
tant in this regard is the recognition of high-risk tumors in

Log-rank P < .0001
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Subgroup with 5-year EFS, % (95% CI)

GPOH: 90.4 (88.2 to 92.8)

SFCE: 90.8 (88.5 to 93.2)

CCLG: 85.1 (82.1 to 88.3)

NOPHO-BSPOH-DCOG: 88.1 (84.5 to 91.8)

GCBTTW: 79.7 (75.1 to 84.6)

SIOP-OTHER: 86.9 (82.5 to 91.5)

299 (0) 185 (89) 131 (140) 80 (190) 34 (236) 11 (259)

295 (0) 230 (19) 201 (41) 162 (75) 101 (133) 39 (194)

340 (0) 268 (38) 245 (58) 201 (101) 142 (159) 71 (230)

520 (0) 427 (32) 322 (125) 212 (229) 125 (316) 44 (396)

587 (0) 523 (21) 461 (76) 325 (210) 177 (355) 85 (447)

663 (0) 586 (26) 517 (89) 357 (244) 211 (389) 105 (493)

No. at risk (number censored):

FIG 1. Kaplan-Meier EFS curves for
localized disease by country grouping.
CCLG, Children’s Cancer and Leuke-
mia Group (United Kingdom and Re-
public of Ireland, and some institutions
in Australia and New Zealand); EFS,
event-free survival; GCBTTW, Grupo
Cooperativo Brasileiro para Tratamento
de Tumor de Wilms (Brazil); GPOH,
Gesellschaft für Pädiatrische Onkolo-
gie und Hämatologie (Germany, Aus-
tria, and some institutions in
Switzerland); NOPHO-BSPOH-DCOG,
Nordic Society of Paediatric Haema-
tology and Oncology (Denmark, Nor-
way, and Sweden—NOPHO), Belgian
Society of Paediatric Oncology and
Haematology (Belgium—BSPOH), and
Dutch Children’s Oncology Group (the
Netherlands—DCOG); SFCE, Societé
Française de lutte contre les Cancers et
les leucémies de l’Enfant et de l’ado-
lescent (France); SIOP-OTHER
(Argentina, Croatia, Czech Republic,
Greece, Italy, Poland, Serbia and
Montenegro, Slovak Republic, Slov-
enia, and the Spanish national group,
Sociedad Española de Hematologı́a y
Oncologı́a Pediátricas).

TABLE 5. Cause of Death by Country Grouping

Group
Treatment Toxicity

No. (%)
Tumor PD/Relapse

No. (%)
Second Neoplasia

No. (%)
Others
No. (%)

Missing
No. (%) No. (%)

GPOH 1 (2.0) 44 (88.0) 0 2 (4.0) 3 (6.0) 50 (100)

SFCE 1 (3.7) 23 (85.2) 0 3 (11.1) 0 27 (100)

CCLG 1 (1.8) 49 (89.1) 1 (1.8) 3 (5.5) 1 (1.8) 55 (100)

NOPHO-BSPOH-DCOG 0 27 (90.0) 0 0 3 (10.0) 30 (100)

GCBTTW 5 (12.2) 32 (78.0) 2 (4.9) 2 (4.9) 0 41 (100)

SIOP-OTHER 0 10 (76.9) 0 0 3 (23.1) 13 (100)

Abbreviations: CCLG, Children’s Cancer and Leukemia Group (United Kingdom and Republic of Ireland, and some institutions in Australia and New
Zealand); GCBTTW, Grupo Cooperativo Brasileiro para Tratamento de Tumor de Wilms (Brazil); GPOH, Gesellschaft für Pädiatrische Onkologie und
Hämatologie (Germany, Austria, and some institutions in Switzerland); NOPHO-BSPOH-DCOG, Nordic Society of Paediatric Haematology and Oncology
(Denmark, Norway, and Sweden—NOPHO), Belgian Society of Paediatric Oncology and Haematology (Belgium—BSPOH), and Dutch Children’s Oncology
Group (the Netherlands—DCOG); PD, progressive disease; SFCE, Societé Française de lutte contre les Cancers et les leucémies de l’Enfant et de l’adolescent
(France); SIOP-OTHER (Argentina, Croatia, Czech Republic, Greece, Italy, Poland, Serbia and Montenegro, Slovak Republic, Slovenia, and the Spanish
national group, Sociedad Española de Hematologı́a y Oncologı́a Pediátricas).
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time to influence risk-stratified treatment. Anaplastic WT is
known to be inconsistently recognized, with 39% of ana-
plastic cases not identified by the local pathologists in the
NWTSG-5 study.24 The lower percentage of cases that
underwent CPR by GCBTTW may explain the low per-
centage of diffuse anaplasia (6/332 = 1.8%) reported by
this group, although it is also possible that tumor biology
may vary between populations. Future studies will provide
better insight.

Imaging at diagnosis and to assess response to preoper-
ative chemotherapy together with precise pathology diag-
nostics are essential components of accurate risk
stratification to determine the preoperative and postoper-
ative treatment. Incorrect diagnosis might result in
undertreatment or overtreatment. Undertreated patients
are at risk of relapse, and overtreatment may cause acute
toxicities and increased risk of late effects.

There were differences in the proportion of children with
localized tumors whose postoperative chemotherapy in-
cluded doxorubicin, ranging from 37.5% (GPOH) to 48.5%
(SFCE). This variation was not entirely explained by the
different stage distribution between the groups. Use of the
more intensive 4-drug regimen in patients whosemetastases
did not achieve complete remission with chemotherapy and/
or surgery also showed considerable variation, with only
25.7% in GPOH compared with 36.4%-43.7% in all other
groups. This could be due to true differences in burden of
metastatic disease at diagnosis and its chemosensitivity, or
due to differences in metastatic response assessment and
decision making at multidisciplinary team meetings about
escalation of chemotherapy versus surgical intervention.25

The most important adverse independent risk factors (MVA)
for both EFS and OS were high-risk histology, tumor stage,
and tumor volume after preoperative chemotherapy. The
survival differences among country groupsmay be explained
by variations in clinical demographics, tumor characteristics,
and treatment. Slightly better OS was seen in SFCE. This
might be explained by their more frequent use of
doxorubicin-containing regimens in postoperative therapy of
localized disease, although this may also be entirely because
of appropriate use of risk-stratified regimen selection
(Table 2). An alternative explanation could be more ag-
gressive retreatment of relapse. The lowest survival in
GCBTTWmay be explained by underdiagnosis of metastatic
disease and high-risk tumors because of lack of CPR.

Treatment-related deaths were more common in GCBTW
than in other groups (12.2% v 0%-3.7%, respectively).
Health care infrastructure, supportive care, and patient
status (malnutrition and coinfections) might contribute to
high levels of toxic deaths in middle-income countries.26

Our study presented several limitations. It was a retrospective
analysis, but on the basis of a large cohort of prospectively
registered patients. Data on radiotherapy were not available
for all patients, which precluded any conclusions on the
relative contribution of that treatment modality. There was a
lack of information on variation in protocol adherence and
possible association with outcomes and the impact of ge-
netic background and molecular characteristics of the tu-
mors on clinical characteristics.

The population studied from the GCBTTW group may be
somewhat biased. Brazil is an upper-middle-income
country that enrolled only a minority (approximately 10%,
332 patients) of the estimated national population inci-
dence over the 10-year study duration (estimated number
of children younger than 14 years with renal tumors per
year: 369).27,28 The Western European countries generally
enrolled . 90% of population incident cases. Barriers to
trial participation are numerous and challenging (mainly in
low-income and middle-income countries). The positive
impact of participation in clinical trials on improvement in
cancer survival rates more generally is well known, but
unfortunately, , 20% of children with cancer worldwide
benefit from large cooperative group clinical research
efforts.29

In conclusion, this study demonstrates that there are in-
ternational differences in patients with WT with regards to
histology, stage distribution, applied treatments, and sur-
vival rates. These comparative analyses highlight possible
areas for health care and infrastructural improvements that
may enable earlier diagnosis and enhanced standardiza-
tion of risk stratification. The participation of the Brazilian
GCBTTW group in the SIOPWT2001 trial and study has
facilitated international benchmarking of factors influenc-
ing survival rates in a relatively resource-limited country.
The ongoing SIOP–RTSG 2016 UMBRELLA study has the
aim of international harmonization of definitions, diagnosis,
treatment, and radiology and pathology review in combi-
nation with identification of novel adverse genetic
signatures.30 Providing access to centralized expertise for
radiology and pathology review is a priority in the current
protocol.
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