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Abstract

In the SIOP Wilms' tumor (WT) studies, preoperative chemotherapy is used as pri-

mary treatment, and tumors are classified thereafter by pathologists. Completely

necrotic WTs (CN-WTs) are classified as low-risk tumors. The aim of the study was

to evaluate whether a subset of regressive type WTs (RT-WTs) (67%-99%

chemotherapy-induced changes [CIC]) showing an exceptionally good response to

preoperative chemotherapy had comparably excellent survivals as CN-WTs, and to

establish a cut-off point of CIC that could define this subset. The study included

2117 patients with unilateral, nonanaplastic WTs from the UK-CCLG and GPOH-WT

studies (2001-2020) treated according to the SIOP-WT-2001 protocol. There were

126 patients with CN-WTs and 773 with RT-WTs, stages I-IV. RT-WTs were sub-

divided into subtotally necrotic WTs (>95% CIC) (STN-WT96-99) (124 patients) and

the remaining of RT-WT (RR-WT67-95) (649 patients). The 5-year event-free sur-

vival (EFS) and overall survival (OS) for CN-WTs were 95.3% (±2.1% SE) and 97.3%

(±1.5% SE), and for RT-WTs 85.7% (±1.14% SE, P < .01) and 95.2% (±0.01% SE,

P = .59), respectively. CN-WT and STN-WT96-99 groups showed significantly better

EFS than RR-WT67-95 (P = .003 and P = .02, respectively), which remained signifi-

cantly superior when adjusted for age, local stage and metastasis at diagnosis, in mul-

tivariate analysis, whereas OS were superimposable (97.3 ± 1.5% SE for CN-WT;

97.8 ± 1.5% SE for STN-WT96-99; 94.7 ± 1.0% SE for RR-WT67-95). Patients with

STN-WT96-99 share the same excellent EFS and OS as patients with CN-WTs, and

although this was achieved by more treatment for patients with STN-WT96-99 than
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for patients with CN-WT, reduction in postoperative treatment of these patients

may be justified.

K E YWORD S

preoperative chemotherapy, prognosis, response, Wilms' tumor

What's new?

Patients with Wilms tumor showing complete necrosis (CN-WT) after preoperative chemother-

apy experience excellent outcomes with significantly less treatment relative to other subsets of

Wilms tumor patients. The authors of this study sought to determine whether patients with

chemotherapy-responsive regressive type Wilms tumor (RT-WT) might also be candidates for

reduced treatment. Analyses show that patients with RT-WT, particularly subtotally necrotic

disease, with good response to preoperative chemotherapy have outcomes comparable to those

observed in CN-WT patients and thus are candidates for reduced treatment. Treatment reduc-

tion for subtotally necrotic Wilms tumor patients could significantly improve quality of life and

reduce long-term sequelae.

1 | INTRODUCTION

The outcomes for patients with Wilms' tumors (WTs) have signifi-

cantly improved over the last decades, with >90% overall survival for

those with localized, and 80% for those with metastatic nonanaplastic

WT.1-3 It is now increasingly important to refine the risk groups and

find prognostic factors which identify WT subgroups requiring more

aggressive treatment, as well as those who need less treatment to

reduce the long-term sequelae and improve patients' quality of life. In

the Children's Oncology Group (COG) trials and studies, a selected

group of patients with stage I WTs which are regarded as very low-

risk WTs are treated with surgery only.4-5

In the International Society of Paediatric Oncology (SIOP)

Nephroblastoma Trials and Studies, preoperative chemotherapy has

been used in the treatment of WTs and responsiveness to preoperative

chemotherapy has been considered for tumor risk and treatment strati-

fication. The SIOP 9 study has demonstrated that completely necrotic

WTs (CN-WTs) had a significantly better prognosis than other sub-

types6 and they have been moved to the low-risk group in the subse-

quent SIOP classifications.7,8 The regressive type WT (RT-WT), defined

as WTs showing 67%-99% of chemotherapy-induced changes (CIC),

has been placed in the intermediate-risk group.8

Thus, an important stratification and treatment boundary

depends on the absence or presence of any viable tumor at all. How-

ever, no study has ever scrutinized whether the presence of a small

amount of viable tumor is associated with good outcomes comparable

to those of CN-WT. In contrast, in bone tumors the histologic

response to neoadjuvant chemotherapy in terms of the extent of

necrosis has been established as a prognostic indicator for many

years.9-12 Recently, a similar approach has been suggested in soft tis-

sue sarcomas (STS),13 although the results of different studies were

difficult to compare since there is no standardized scheme for histo-

pathologic assessment of tumor response for STS, and no optimum

cut-off to differentiate responders from nonresponders. Further, it is

unclear whether the cut-off of prognostic significance is similar in dif-

ferent histological subtypes of STS, anatomic primary sites and treat-

ment modalities (radiotherapy, chemotherapy, chemotherapy

schedules). Some studies demonstrated favorable outcome using a

cut-off ≤5% of viable tumor cells,14-16 but others found no correlation

between the extent of necrosis and clinical outcome.17,18

The multiple assessment limitations of STS do not represent

such a challenge in WT, making it an ideal candidate for the assess-

ment of the correlation between histopathologic response to pre-

operative treatment and prognosis. Preoperative chemotherapy

given in the SIOP studies is standardized, as is the sampling of

tumor, and the assessment performed to a benchmarked standard

by a small group of experts, through a system of central pathology

review.19,20

The aim of our study was to evaluate whether patients with RT-

WTs showing a particularly good response to preoperative chemo-

therapy had comparably excellent survivals as seen in CN-WTs and

could be candidates for reduced treatment.

2 | PATIENTS AND METHODS

2.1 | Study population

The cases were identified from the UK Children's Cancer and Leukaemia

Group (UK-CCLG) and Gesellschaft für Pädiatrische Onkologie und

Hämatologie (GPOH) Nephroblastoma Study Group studies

(2001-2020). The UK-CCLG-SIOP 2001 Study (2001-2011) was a part

of the SIOP-WT-2001 Study which registered patients with renal

tumors from all CCLG centers. The UK Improving Population Outcomes

for Renal Tumors of Childhood (IMPORT) study (2012-2020) is a UK-

CCLG multicenter observational study testing the prognostic value of
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imaging and, in the United Kingdom and Republic of Ireland, molecular

biomarkers against a background of continued standard of care based

on the results of the SIOP 2001 trial (https://www.cancerresearchuk.

org/about-cancer/find-a-clinical-trial/study-improving-treatment-childre

n-kidney-cancer). The SIOP-2001/GPOH Study (2001-2020) is a multi-

center study that includes pediatric oncology centers from Germany,

Austria and parts of Switzerland.

The inclusion criteria were: (a) unilateral, localized or metastatic,

nonanaplastic WTs diagnosed in children between 6 months and

18 years of age; (b) preoperatively and postoperatively treatment

according to the SIOP-WT-2001 study protocol; and (c) submission of

cases for central pathology review.

For different results and analyses, only cases with relevant infor-

mation available were included.

2.2 | Histologic assessment

A retrospective analysis of WTs was done to identify cases that were

either CN-WT (ie, tumors that showed 100% CIC) or RT-WTs (tumors

with 67%-99% CIC). In order to be able to assess whether there were

differences in survival within the RT-WT group, we further subdivided

them into subtotally necrotic WTs (STN-WT96-99) (defined as WTs

showing >95% of CIC) and the remaining of the RT-WTs (RR-WT67-95)

(tumors showing 67%-95% of CIC). Finally, the RR-WT67-95 group was

subdivided into RR-WT67-89 and RR-WT90-95% groups which were

then analyzed separately.

All cases were sampled according to the SIOP-WT-2001 Study

Pathology protocol and submitted for central pathology review for

diagnosis, risk classification and abdominal tumor staging,8 performed

by the SIOP-UK (GMV) and SIOP-GPOH (CV) Pathology Panels. The

sampling of lymph nodes was recorded as “yes” or “no/unknown.”
The number of slides submitted for central pathology review was

readily available in 1203 cases. It varied from 9 to 94 (median 29).

2.3 | Treatment

All patients were treated according to the SIOP-WT-2001 Study pro-

tocol (Table S1).

Follow-up information was obtained from the Study databases

containing information documented in case report forms specific to

each phase of diagnosis, treatment and follow-up and received regu-

larly from the participating centers.

2.4 | Statistical analysis

Statistical analysis was performed using SPSS statistical software

(version 13). The overall survival (OS) and event-free survival

TABLE 1 Clinical and pathologic characteristics of patients included in the study

Characteristics
CN-WT (N = 126) RT-WT (N = 773) STN-WT96-99 (N = 124) RR-WT67-95 (N = 649)
n (%) P n (%) n (%) P n (%)

Age (months)

Range 14-205 6-202 6-198 6-202

Median 55 49 53 48

Overall stage

I 47 (37%) 287 (37%) 40 (32%) 247 (38%)

II 0 (0%) 126 (16%) 11 (9%) 115 (18%)

III 13 (10%) 126 (16%) 13 (11%) 113 (17%)

IV 66 (52%) <.00001 234 (30%) 60 (48%) <.00001 174 (27%)

NRs (N*) (N = 64) (N = 409) (N = 90) (N = 319)

6 (9%) .0002 138 (34%) 29 (32%) 109 (34%)

Lymph nodes sampled

Yes 108 (86%) 677 (88%) 110 (89%) 567 (87%)

No 18 (14%) .08 96 (12%) 14 (11%) .7 82 (13%)

Tumor size (N*) (N = 52) (N = 315) (N = 72) (N = 243)

Range (cm) 1.5-22 1-21 1-18 2-21

Median (cm) 7 8 7 8

N (%) ≥ 10 cm 14 (27%) .3 106 (34%) 14 (19%) .004 92 (38%)

Follow-up (N*) (N = 114) (N = 722) (N = 111) (N = 611)

Range (mo) 5-187 1-198 2-189 1–198

Median (mo) 80 64 88 62

Abbreviations: CN, completely necrotic; N*, number of cases with available data; NRs, nephrogenic rests; RR, rest of regressive type; RT, regressive type;

STN, subtotally necrotic; WT, Wilms' tumor.
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(EFS) rates were estimated according to the Kaplan-Meier

method, the influence of presumed prognostic factors was deter-

mined with the log-rank test and Fisher-exact-test. EFS was cal-

culated as the time from the diagnosis to the first recurrence or

event, and OS was calculated as time from the diagnosis to death

for any reason. Multivariate analysis of survival times was carried

out applying the Cox regression model. Simple coding was applied

for categorical covariates. A P value of ≤.05 was considered sta-

tistically significant. Patients were censored at the time of the last

follow-up.

3 | RESULTS

3.1 | Clinical characteristics

The inclusion criteria fulfilled 2117 patients including 126 (6%) with

CN-WTs and 773 (37%) with RT-WTs. RT-WTs comprised 124 STN-

WT96-99 (16% of RT-WTs and 6% of all non-high-risk WTs)

and 649 RR-WT67-95 (84% of RT-WTs and 31% of all non-high-

risk WTs).

The main clinical and pathologic features of the groups are

presented in Table 1. There were no significant differences in age,

lymph nodes sampling and duration of follow-up between the

groups. There was no significant difference in the prevalence of WT

≥10 cm in the largest diameter at nephrectomy between CN-WTs

vs STN-WT96-99 (P = .3), but it was significant between STN-

WT96-99 vs RR-WT67-95 (P = .004). The prevalence of

nephrogenic rests in CN-WTs was significantly lower than in other

groups.

In five cases there was no precise record about viable tumor

components in STN-WT96-99 cases. There were 72/119 (61%)

TABLE 2 Event-free and overall survivals by stages and types of Wilms' tumor in the study

Stage and Subtype

No. of patients EFS at 5 years
P values

OS at 5 years
P values

Total Events Deaths % SE vs RR-WT67-95 % SE vs RR-WT67-95

All stages (I-IV)

CN-WT 114 5 4 95.3 ±2.1 .002 97.3 ±1.5 n/s

RT-WT 722 97 31 85.7 ±1.14 ±0.01

STN-WT96-99 111 8 2 92.9 ±2.6 .02 97.8 ±1.5 n/s

RR-WT67-95 611 89 29 85.2 ±1.6 94.7 ±1.0

Localized stage (I-III)

CN-WT 56 — — 100 .01 100 n/s

STN-WT96-99 59 3 — 94.4 ±3.2 .16 (n/s) 100 n/s

RR-WT67-95 449 46 15 90.4 ±1.5 96.4 ±1.0

Metastatic (stage IV)

CN-WT 58 5 4 90.7 ±4.0 .006 94.6 ±3.0 n/s

STN-WT96-99 54 5 2 91.2 ±4.2 .016 95.1 ±3.4 n/s

RR-WT67-95 162 43 14 72.7 ±3.8 90.2 ±2.5

Abbreviations: CN-WT, completely necrotic Wilms' tumor; EFS, event-free survival; n/s, not significant; OS, overall survival; RR-WT, rest of regressive type

Wilms' tumor; RT-WT, regressive type Wilms tumor; STN-WT, subtotally necrotic Wilms' tumor.

F IGURE 1 Estimated, (A) event-free survival for patients with CN-
WT and RT-WT67-99, (B) overall survival for patients with CN-WT and
RT-WT67-99 [Color figure can be viewed at wileyonlinelibrary.com]
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STN-WT96-99 that contained no blastema, 23/119 (19%) cases in

which blastema was the only viable component and 24/119 (20%)

cases in which blastema occupied 10%-50% of viable tumor. Amongst

STN-WT96-99, the largest blastemal volume was 13.2 mL (stage I

STN-WT96-99, measuring 18 � 10 � 7cm), followed by 5.8, 5.4, 3.6,

3.4, 2.6 mL, and all other tumors that contained blastema had blaste-

mal volume <2 mL.

The stage distribution showed significant differences between

localized and more intensively pretreated metastatic WTs. The CN-

WT group had significantly more metastatic cases than the RT-WT

group (P < .00001), but not when compared to the STN-WT96-99

group (P = .53). A highly significant difference remained when the

STN-WT96-99 group was compared to the RR-WT67-95 group

(P < .00001).

In further survival analyses, 836/899 (93%) patients with available

follow-up were included (114 CN-WTs and 722 RT-WTs—the latter

included 111 patients with STN-WT96-99 and 611 patients with

RR-WT67-95).

3.2 | Patient outcomes

The median follow-up time was 5.8 years (mean 6.3 years, range from

9 to 178 months). The 5-year EFS and OS estimates for all analyzed

groups are presented in Table 2 and Figures 1 and 2.

There was significant difference between the CN-WT and RT-WT

groups for EFS (P = .004) but not for OS (P = .645) (Table 2, Figure 1A,B).

The 5-year EFS estimates were significantly superior for the CN-WT

(P = .002) and STN-WT96-99 (P = .02) groups when compared to the

RR-WT67-95 group (Table 2, Figure 2A). STN-WT96-99 protective

impact on survival remained significant when adjusted for the

established risk factors including local stage, metastases and age

(Table 3, P = .011). The 5-year OS estimates showed no significant

differences between the three groups (Table 2, Figure 2B). The

5-year EFS estimates for localized CN-WT were significantly better

than for RR-WT67-95 (P = .01), and showed a trend, but not statisti-

cally significant, to superior survival for the STN-WT96-99 com-

pared to RR-WT67-95 groups (P = .16, Table 2, Figure 2C). The

F IGURE 2 Estimated,
(A) event-free survival for
patients with localized and
metastatic tumors, (B) overall
survival for patients with
localized and metastatic tumors,

(C) event-free survival for
patients with localized tumors
only, (D) overall survival for
patients with localized tumors
only, (E) event-free survival for
patients with metastatic tumors,
(F) overall survival for patients
with metastatic tumors [Color
figure can be viewed at
wileyonlinelibrary.com]
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5-year OS estimates for localized CN-WT, STN-WT96-99 and

RR-WT67-95 showed no significant differences (Table 2, Figure 2D).

For metastatic tumors, both CN-WT and STN-WT96-99 showed sig-

nificantly superior EFS from RR-WT67-95 (P = .006 and P = .016,

respectively, Table 2, Figure 2E), but not OS (P = .687 and P = .286,

respectively, Table 2, Figure 2F). There were no significant differ-

ences between CN-WT and STN-WT96-99 groups in any of the

above-analyzed categories.

There was no significant difference in OS of patients from all

groups who relapsed with localized or metastatic WTs (P = .3).

Six patients without relapse died: two due surgery-related post-

operative complications, one patient developed glioblastoma, one due

to acute myeloid leukemia, one died during stem cell transplantation,

and one patient died 32 months after the diagnosis, recorded only as

“tumor-related death, with no relapse.”

3.3 | Patterns of recurrence

The types of relapses in all groups and stages are presented in Table 4.

Distant relapses were more common than local relapses (P < .00001).

In the CN-WT group, no relapses occurred in 56 patients with

localized WT, whereas 5/58 (8.6%) stage IV patients relapsed.

In the RT-WT group, 91/722 (13%) patients relapsed, including

44/506 (9%) patients with localized tumor and 47/216 (22%) with

metastatic tumor (P < .00001). In the STN-WT96-99 group, 7/111

(6%) patients relapsed, including 3/59 (5%) with localized and 4/52

(8%) with metastatic WT (P = .6). In the RR-WT67-95 group, 84/611

(14%) patients relapsed, including 43/449 (10%) patients with

localized and 41/162 (25%) with metastatic WTs (P < .00001). We

further substratified RR-WT67-95 group into RR-WT67-89 and

RR-WT90-95 groups, but there were no differences between them,

so they were not further analyzed separately (Table S2).

Relapses were significantly more common in the RT-WT group than

in the CN-WT group (91/722, 13% vs 5/114, 4%, respectively, P = .01).

There was no difference in relapses between the CN-WT group and the

STN-WT96-99 group (5/114, 4% vs 7/111, 6%, respectively, P = .52),

including localized (P = .24) and metastatic (P = 1) WTs, but only between

the CN-WT and the RR-WT67-95 groups, for both localized (P = .009)

and metastatic tumors (P = .008). A significant difference existed between

the STN-WT96-99 and RR-WT67-95 groups (7/111, 6% vs 84/611, 14%,

P = .03), but only for metastatic (4/52, 8% vs 41/162, 25%, P = .01) and

not for localized tumors (3/59, 5% vs 43/449, 10%, P= .2).

Lymph nodes were sampled and examined in 86/96 (90%)

patients who relapsed and in 637/740 (86%) who did not

relapse (P = .4).

TABLE 3 Cox regression analysis of
EFS comparing CN-WT and STN-
WT96-99 and RR-WT67-89 adjusted for
age, metastases at diagnosis and local
stage

P value Hazard ratio

95% CI for hazard ratio

Lower Upper

CN-WT (vs RR-WT67-95) .001 0.205 0.083 0.51

STN-WT96-99 (vs RR-WT67-95) .011 0.389 0.188 0.805

Age .000 1.009 1.005 1.014

Metastasis at diagnosis .000 1.326 1.16 1.54

Local stage .791 0.969 0.767 1.224

Abbreviations: CI, confidence interval; CN-WT, completely necrotic Wilms' tumor; RR-WT, rest of

regressive type Wilms' tumor; STN-WT, subtotally necrotic Wilms' tumor.

TABLE 4 Types of relapses per
groups and stages of Wilms' tumors
included in the study Group Type of relapse

Stage (n, %)

I II III IV

CN-WT (N = 114) Local — — — — — — 1 2

(100% CIC) Distant — — — — — — 2 3

Combined — — — — — — 2 3

No relapse 44 100 — — 12 100 53 91

STN-WT (N = 111) Local 2 5 — — — — — —

(96%-99% CIC) Distant 1 3 — — — — 2 4

Combined — — — — — — 2 4

No relapse 34 92 10 100 12 100 48 92

RR-WT (N = 611) Local 5 2 3 3 5 5 4 3

(67%-95% CIC) Distant 12 5 5 5 7 7 30 19

Combined 4 2 1 1 1 1 7 4

No relapse 217 91 98 92 91 88 121 75

Abbreviations: CIC, chemotherapy-induced changes; CN-WT, completely necrotic Wilms' tumor; RR-WT,

rest of regressive type Wilms' tumor; STN-WT, subtotally necrotic Wilms' tumor.
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4 | DISCUSSION

Responsiveness of WTs to neoadjuvant chemotherapy is considered

for risk and treatment stratification in the SIOP studies, with CN-WT

classified as low-risk and RT-WT as intermediate-risk tumors. However,

RT-WTs with 67% CIC and RT-WTs with 99% CIC are currently treated

the same. In the SIOP 93-01 trial “WT with some features left”—defined

as tumors showing <10% of viable tumor cells—were monitored as a

possible candidate for the low-risk tumor group,7,21 but in the subse-

quent SIOP classification they were included into the RT-WT group.8

The present study readdressed the question of whether there were

patients within the RT-WTs group who showed outcomes comparable

to CN-WTs, so they could be candidates for treatment reduction.

The prevalence of CN-WT in our study was 6.0%, which was sig-

nificantly lower than in the SIOP 9 study (10%) (P = .0002).6 But,

since the SIOP 9 study, subsequent studies have shown that only 4%-

6% of WT were completely necrotic type.22-24 Although in the SIOP

9 trial patients with localized WTs were randomized to receive 4 vs

8 weeks of preoperative chemotherapy, only 10/37 (27%) patients

with CN-WTs received treatment for 8 weeks, which cannot fully

explain the higher prevalence of CN-WT. However, the SIOP 9 study

was based on the material that would be regarded as suboptimal for

review by the current standard, with a small number of slides exam-

ined per tumor (2-16, mean 5). Thus, it is likely that their CN-WT

group included WTs that were not totally necrotic but were not

detected as such due to substandard material. In the present study,

the prevalence of STN-WT96-99 was identical to the prevalence of

CN-WT, and these results were based on superior material, with a

median number of 29 slides per case. On the other hand, in all SIOP

studies, RT-WT is the most common tumor type, representing, as also

found in our series, 35%-40% of all WTs.22,23,25

The proportion of metastatic cases in the CN-WT group in the

present study was significantly higher than in the overall unilateral

WT cohort in the SIOP-2001 Study26 (66/126, 52% vs 472/3176,

15%, respectively, P < .00001), but not when compared to the STN-

WT96-99 group (P = .53). Similarly, in the current study, the STN-

WT96-99 group included significantly more metastatic cases than the

RR-WT67-95 group (P < .00001). This may be explained by the fact

that patients with metastatic WTs received longer and more intensive

preoperative treatment than patients with localized tumors, resulting

more frequently in extensive CIC.

The prognosis for patients with CN-WTs in the SIOP 9 study was

excellent, with OS of 97% for patients with localized and 100% for

patients with metastatic WT,6 and it was confirmed in the present

study, with 100% EFS and OS for localized, and 90.7% and 94.6% for

metastatic CN-WT, respectively.

The EFS of patients with RT-WTs was significantly worse than for

patients with CN-WTs, for both localized and metastatic tumors. How-

ever, there were no significant differences in EFS and OS between

patients with CN-WT and STN-WT96-99. When the RR-WT67-95

group was subdivided into a subset of patients with RT-WT90-95 and

RT-WT67-89, the proportion of relapses remained the same and the sur-

vivals superimposable. Patients with STN-WT96-99 had significantly

better EFS than patients with RR-WT67-95, whereas the OS for both

groups was excellent and not significantly different. EFS for STN-

WT96-99 group remained significantly superior when adjusted for age,

metastasis at diagnosis and local stage in a multivariate analysis.

In all analyzed groups (CN-WT, STN-WT96-99, RR-WT67-95),

distant relapses were more common than local relapses. No relapses

occurred in the localized CN-WT, confirming its current treatment is

adequate for disease control. Although there were 3/59 relapses in

the localized STN-WT96-99 group, the difference between STN-

WT96-99 and CN-WT was not statistically significant. Also, no signifi-

cant difference in relapses was observed between metastatic CN-WT

and STN-WT96-99 groups. OS of patients who relapsed in all three

groups with localized and metastatic WTs was not significantly

different, clearly indicating that even patients with relapses can be

successfully cured with additional therapy.

Lymph nodes were sampled in nearly 90% of patients, which is

similar to other studies.27 Some studies have shown that patients with

WTs who had no lymph nodes sampled were more likely to experience

relapses,27,28 but our study showed no significant difference between

the two groups. In two patients with stage I STN-WT96-99 who had a

local relapse, the lymph nodes were examined and were negative.

Another point that we took into consideration was the impact of

the percentage of viable tumor on the blastemal volume, which is

being prospectively studied in the current SIOP-UMBRELLA-2016

study, as potentially prognostically important.2,29 However, no STN-

WT96-99 had a blastemal volume near the cut-off point considered

to be significant for risk stratification (>20 mL for unilateral and

>10 mL for metastatic WTs).1

The results of the present study clearly demonstrated that EFS

and OS for patients with CN-WT and STN-WT96-99 were not signifi-

cantly different, indicating that a reduction in postoperative treatment

of patients with STN-WT96-99 should be considered. While, ideally,

any reduction in treatment should be confirmed in a randomized con-

trolled clinical trial or carefully monitored prospective cohort

study,21,22 the numbers of patients in smaller subsets of WT do not

permit a prospective randomized trial in a realistic timeframe,30 and in

WT studies reduction in treatment was often based on previous stud-

ies which showed results justifying treatment reduction. For example,

CN-WTs were moved from the intermediate to low-risk group based

on the SIOP 9 study, in which CN-WTs had been treated as other WT

types,6 but in the subsequent SIOP 93-01 and SIOP-WT-2001 stud-

ies, these patients were successfully treated significantly less. The

results of the present study confirmed that their EFS and OS

remained excellent despite this reduction in treatment. Similarly, when

COG introduced “a very-low risk tumor group”—stage 1 WT patients

who were to be treated with surgery only31—it was based on the

results of previously treated stage I WTs.4 But, again, it proved to be

safe and therefore became a standard of care for patients with WTs

fulfilling the criteria for surgery only treatment.5 Equally, epithelial

predominant WT stage I has been added to the COG “surgery-only”
group, based on the results of previously treated tumors.32

We acknowledge that the limitations of our study are that excel-

lent outcomes in patients with STN-WT96-99 were achieved by

1338 VUJANI�C ET AL.
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treating them more than patients with CN-WT, including radiotherapy

in patients with stage III, and that the study was not randomized.

However, in the studies where reduction of treatment was introduced

without previous trials and randomization, there were rigorous stop-

ping rules in place which ensured that the studies would be stopped if

EFS fell below the expected level. The same principle should be

followed in treatment of patients with STN-WT96-99 since our study

showed that many of them probably do not need the treatment inten-

sity they have been receiving and could maintain excellent EFS and

OS with treatment given to patients with CN-WT.

The SIOP-UMBRELLA-2016 Study is set up to determine, in a

prospective fashion, the independent additional adverse prognostic

value of molecular features (such as 1q gain)33,34 and residual blaste-

mal volume which would be more specific and sensitive

predictive markers to tailor therapy are warranted.2 However, other

prognostic factors, one of them being the response to preoperative

chemotherapy, should be also searched for and used.

In summary, we demonstrated that patients with STN-WT96-99

had comparable 5-year EFS and OS to patients with CN-WT. Overall

STN-WT96-99 showed a significant difference in EFS from RR-

WT67-95. However, this difference was significant only for metastatic

cases, but not for localized cases, because they have excellent EFS in

general. For all three groups, CN-WT, STN-WT96-99 and RR-WT67-95,

OS is excellent and superimposable. Given the uniformly high OS esti-

mates in all groups, we suggest considering reduction in treatment of

localized and metastatic STN-WT96-99 (with a stopping rule) and

expect to rescue any excess in relapses, as OS is not significantly differ-

ent between all three groups. We also revealed that STN-WT96-99 had

a very low volume of residual blastema and fit into the current SIOP-

RTSG philosophy. By moving patients with STN-WT96-99 into the low-

risk group, the number of stage I patients eligible for no further treat-

ment postoperatively would double. In total, 16% of patients with RT-

WT would benefit from reduction in total duration of treatment, exclu-

sion of radiotherapy for stage III patients, improvement of quality of life

of patients and less access to the hospital.
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