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a Princess Máxima Center for Pediatric Oncology, Utrecht, the Netherlands
b Department of Pathology, University Medical Center Utrecht, Utrecht, the Netherlands
c Department of Pathology, Sidra Medicine, Doha, Qatar
d Department of Pediatric Surgery, Marciniak Hospital, Wroclaw, Poland
e Department of Pediatric Traumatology and Emergency Medicine, Medical University Wroclaw, Poland
f Department of Radiation Oncology, Saarland University Medical Center, Saarland University Faculty of Medicine,

Homburg, Germany
g Department of Diagnostic and Interventional Radiology, Division of Pediatric Radiology, Heidelberg University Hospital,

Heidelberg, Germany
h Department of Radiology, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy
i Developmental Biology and Cancer Research and Teaching Department, University College London Great Ormond Street

Institute of Child Health, London, UK
j Department of Histopathology, Great Ormond Street Hospital for Children NHS Foundation Trust, London, UK
k Children and Young People’s Unit, The Royal Marsden Hospital, Sutton, UK
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* Corresponding author: Princess Máxima Center for Pediatric Oncology, Heidelberglaan 25, 3584 CS Utrecht, the Netherlands.

E-mail address: A.Groenendijk-15@prinsesmaximacentrum.nl (A. Groenendijk).
1 On behalf of the Society of International Pediatric Oncology Renal Tumor Study Group (SIOP-RTSG) Relapse Committee.
2 These authors contributed equally to this article.

https://doi.org/10.1016/j.ejca.2021.12.014

0959-8049/ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

mailto:A.Groenendijk-15@prinsesmaximacentrum.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejca.2021.12.014&domain=pdf
https://doi.org/10.1016/j.ejca.2021.12.014
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/09598049
www.ejcancer.com
https://doi.org/10.1016/j.ejca.2021.12.014
https://doi.org/10.1016/j.ejca.2021.12.014


A. Groenendijk et al. / European Journal of Cancer 163 (2022) 88e97 89
q Molecular Bases of Genetic Risk and Genetic Testing Unit, Department of Research, Fondazione IRCCS Istituto Nazionale

dei Tumori, Milan, Italy
r Department of Pediatric Oncology and Hematology, Rigshospitalet, Copenhagen, Denmark
s Department of Medical Oncology and Hematology, Pediatric Oncology Unit, Fondazione IRCCS Istituto Nazionale dei

Tumori, Milan, Italy
Received 4 October 2021; received in revised form 25 November 2021; accepted 7 December 2021

Available online 15 January 2022
KEYWORDS

Wilms tumour;

Recurrence;

SIOP protocol;

Treatment outcome
Abstract Purpose: Society of International Pediatric Oncology e Renal Tumor Study

Group (SIOP-RTSG) treatment recommendations for relapsed Wilms tumour (WT) are strat-

ified by the intensity of first-line treatment. To explore the evidence for the treatment of pa-

tients relapsing after vincristine and actinomycin-D (VA) treatment for primary WT, we

retrospectively evaluated rescue treatment and survival of this patient group.

Patients and methods: We included 109 patients with relapse after VA therapy (no radio-

therapy) for stage I-II primary low- or intermediate-risk WT from the SIOP 93e01 and SIOP

2001 studies. Univariate Cox regression analysis was performed to study the effect of relapse

treatment intensity on event-free survival (EFS) and overall survival (OS). Relapse treatment

intensity was classified into vincristine, actinomycin-D, and either doxorubicin or epirubicin

(VAD), and more intensive therapies (ifosfamide/carboplatin/etoposide [ICE]/� 4 drugs/

high-dose chemotherapy with haematopoietic stem cell transplantation [HD HSCT]).

Results: Relapse treatment regimens included either VAD, or cyclophosphamide/carboplatin/

etoposide/doxorubicin (CyCED), or ICE backbones. Radiotherapy was administered in 62 pa-

tients and HD HSCT in 15 patients. Overall, 5-year EFS and OS after relapse were 72.3%

(95% confidence interval [CI]: 64.0e81.6%) and 79.3% (95% CI: 71.5e88.0%), respectively. Pa-

tients treated with VAD did not fare worse when compared with patients treated with more

intensive therapies (hazard ratio EFS: 0.611 [95% CI: 0.228e1.638] [p-value Z 0.327] and haz-

ard ratio OS: 0.438 [95% CI: 0.126e1.700] [p-value Z 0.193]).

Conclusion: Patients with relapsed WT after initial VA-only treatment showed no inferior EFS

and OS when treated with VAD regimens compared with more intensive rescue regimens. A

subset of patients relapsing after VA may benefit from less intensive rescue treatment than

ICE/CyCED-based regimens and deserve to be pinpointed by identifying additional (molecu-

lar) prognostic factors in future studies.

ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Overall survival (OS) of patients with Wilms tumour

(WT) has improved to more than 90% for localised

disease [1,2]. Still, approximately 5%, 12% and 25% of

WT patients with low-risk (LR), intermediate-risk (IR)

and high-risk (HR) histology tumours, suffer from

relapse [3,4]. Survival after relapse ranges between 55%
and 80% for patients with local non-anaplastic primary

WT, depending mainly on the stage and histology of

primary disease and therefore also on the corresponding

intensity of first-line treatment [4e7].

The UMBRELLA International Society of Pediatric

Oncology e Renal Tumor Study Group (SIOP-RTSG)

protocol stratifies patients with relapsed WT primarily

on the extent of their first-line treatment and recognises
patients treated with only vincristine and/or

actinomycin-D (VA) and without radiotherapy as
standard-risk relapse patients (Supplementary Table 1)

[1]. Although the risk of relapse after VA-only treatment

is relatively low, patients with such upfront therapy

constitute a relatively large group, contributing more

than one-third of all relapses.

For VA-treated patients who subsequently relapse,

the UMBRELLA protocol recommends a four-drug

treatment, that is, alternating cyclophosphamide,
doxorubicin and carboplatin, etoposide (CyCED), usu-

ally combined with surgery and/or radiotherapy. This

recommendation is based on two non-randomised

studies (National Wilms Tumor Study Group’s

[NWTSG] NWTS-5 [6], and United Kingdom relapsed

WT trial [UKWR] [8]), which suggested improved

http://creativecommons.org/licenses/by-nc-nd/4.0/
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survival of standard-risk relapse patients after treatment

with VCyED (vincristine, cyclophosphamide, etoposide,

doxorubicin) and CyED, respectively, when compared

with historic controls treated without a uniform relapse

protocol [9,10]. From these studies, the event-free sur-

vival (EFS) of standard-risk relapse patients treated

with CyCED is expected to be 70e80% [6]. However, the

upfront treatment for primary WT during the NWTS-5
and for the patients registered on the UKWR was im-

mediate nephrectomy, and the benefit of a CyCED-

based rescue treatment over a three-drug regimen (VA

and doxorubicin or epirubicin) has never been evaluated

in relapsed patients treated according to SIOP regimens

that advocate preoperative chemotherapy.

Therefore, this retrospective study aimed to seek

further evidence for the use of CyCED therapy in SIOP
standard-risk relapse WT patients. Accordingly, all

relapsed VA-treated patients registered in the SIOP-

RTSG 93e01 and 2001 studies were identified and pa-

tient outcome, stratified by relapse regimen, was

assessed.

2. Patients and methods

2.1. Patients

Patients who relapsed after first-line treatment with

vincristine and/or actinomycin-D only (no radiotherapy)

according to SIOP 93e01 or SIOP 2001 protocol and

who were registered in the SIOP-RTSG dataset between

October 1993 and September 2012 were included. Pa-

tients who were recommended VA-only according to the

protocols are patients with stage I LR/IR tumours

(93e01) and stage I/II LR, stage I/II IR, and stage III
LR disease (2001) (Table 1) [11,12]. Patients with

upfront stage III tumours, initially requiring radio-

therapy, were excluded from the analyses. Exclusion

also applied to tumours classified as stage II with
Table 1
Postoperative primary treatment in SIOP 93e01 and SIOP 2001.

Stage SIOP 93-01

LR IR (þBT) HR (þFA

DA)

I e VAa ECIE*

II VAD or

AVE*

VAD or

AVE*

ECIE* þ
RT

III VAD or

AVE*

þ RT

VAD or

AVE* þ
RT

ECIE* þ
RT

Abbreviations: A, actinomycin-D; BT, blastemal-type; C, carboplatin; Cy, c

E*, epirubicin; FA, focal anaplasia; HR, high-risk; I, ifosfamide; IR, inter
a Including stage I anaplasia (FA and DA).
b Gesellschaft für pädiatrische Onkologie und Hämatologie (GPOH) trea

preoperative volume of >500 mL with VAD.
c GPOH treated non-stromal, non-epithelial intermediate risk tumours w
d BT tumours were not treated with RT.
positive lymph nodes during the 93e01 (treated as stage

III tumours), which were reclassified as stage III ac-

cording to the SIOP 2001 protocol [13,14]. All patients

with high-risk primary WT according to SIOP 2001

classification, that is, all blastemal-type (BT) and diffuse

anaplastic (DA) tumours (in SIOP 93e01 and SIOP

2001) were excluded. Reclassification of 93e01 BT WTs

according to the SIOP 2001 classification had already
been performed by the international SIOP pathology

review panel, as reported previously [15].

To compare survival rates between patients treated

with relapse regimens of different intensities, all re-

ported therapies at relapse were identified. The SIOP

93e01 and 2001 protocols included general recommen-

dations for relapse treatment, but limited stratification

guidance (Supplementary Table 1). Proposed relapse
regimens included etoposide, carboplatin, ifosfamide

and epirubicin/doxorubicin (ECIE/ECID) during the

93-01 study, and either VAD, cyclophosphamide,

carboplatin, etoposide and doxorubicin/vincristine

(CyCED/CyCEV) or ifosfamide/cyclophosphamide,

carboplatin and etoposide (ICE/CyCE) in the 2001

study. High-dose chemotherapy with subsequent hae-

matopoietic stem cell transplant (HD HSCT) was not
routinely recommended. Patients registered in the SIOP

WT 2001 trial in the United Kingdom and Ireland were

eligible to be entered into the UKWR national trial

(until 2008). Patients who initially received VA only

were treated with either VAD (stage I, non-anaplastic

histology and relapse >6 months from diagnosis) or

CyED (stage II, non-anaplastic histology and relapse >6

months).
The SIOP 93e01 registered 119 participating centres

from 26 countries, and 251 centres from 26 countries

participated in the SIOP 2001 [11,12]. The studies were

approved by national ethical committees, the SIOP2001

study was submitted to the international trial register

(EudraCT number SIOP 2001: 2007-004591-39), and
SIOP 2001

/ LR IR (þFA) HR (þBT/DA)

e VAb VAD

VA VA versus

VADc

CyCED þ RTd

VA VA versus

VADc þ
RT

CyCED þ RT

yclophosphamide; D, doxorubicin; DA, diffuse anaplasia; E, etoposide;

mediate-risk; L, low-risk; RT, radiotherapy.

ted all non-stromal, non-epithelial intermediate risk tumours with a

ith a preoperative volume of >500 mL according to the HR protocol.
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the patients were registered upon signed informed con-

sent. National coordinators and local centres were

contacted to obtain missing data on treatment regimens

at relapse.

3. Methods

We classified the intensity of relapse treatments into

‘VAD’ (which includes either doxorubicin or epi-
rubicin as anthracycline) and ‘more intensive’ relapse

therapies (including patients treated with ICE, regi-

mens with �4 drugs, and all regimens including HD

HSCT). Survival rates were compared between these

groups. In a secondary analysis among the more

intensively treated patients, survival after treatment

with ifosfamide-based versus cyclophosphamide-based

regimens was compared. For this analysis, three-drug
cyclophosphamide-based regimens (e.g. the UKWR

CyED arm) were included in addition to �4-drug

regimens. Also the contribution of HD HSCT was

explored in the group of intensively treated patients.

Finally, to identify those who benefitted most from

VAD treatment, clinical characteristics of VAD-

treated patients were compared between those who

did and did not present with an event/succumbed after
the first recurrence.

4. Statistical analysis

We estimated 5-year EFS and OS rates after relapse

using KaplaneMeier analysis, and log-rank analysis

was performed to compare survival rates between
Fig. 1. Flow diagram of included and excluded Wilms tumour (WT) cas

the SIOP 93e01 and the SIOP 2001 studies. N Z number of patients
treatment groups. Events were defined as progressive

disease despite upfront relapse treatment (within 6

months after the start of therapy), second relapse and all

causes of death for EFS, and all causes of death for OS.

Associations between clinical variables were studied

using Fisher’s exact test for categorical variables. To

determine the effect of the different chemotherapeutic

relapse treatment regimens on EFS and OS rates, uni-
variate Cox regression analyses were performed with the

following variables: study (SIOP 93e01 versus SIOP

2001), sex, age at diagnosis (<24, 24e48, 49e96, >96

months), stage of the primary tumour, age at relapse,

pattern of relapse (local versus metastatic/combined

[local and metastatic]), time to relapse (<6 months

versus �6 months from primary diagnosis), and therapy

at relapse. To determine which clinical characteristics
were associated with the administered chemotherapy

(VAD versus more intensive therapy), a logistic regres-

sion model was fitted. The variables considered for the

logistic regression model included those used in uni-

variate Cox regression analysis. Pearson’s correlation

test evaluated correlations between the variables. For-

ward selection, backward elimination and bidirectional

elimination analyses were performed, and the optimal
model was selected based on the Akaike information

criterion. The model fit was determined using the

McFadden’s pseudo R2 value, with values above 0.2

representing a good fit. P values of <0.05 were consid-

ered statistically significant. Statistics were performed

using R-4.0.2 (R Core Team [2020]), and the survival (v.

3.1e12 Therneau T [2020]) and survminer (v. 0.4.8

Kassambara A et al. [2020]) packages.
es from a total of 5138 primary unilateral WT patients registered in

.



Table 2
Patient characteristics per study (SIOP 93e01 and SIOP 2001).

Characteristics SIOP 93-01 SIOP 2001 Total

Number of

study patients

33 76 109

Sex

� Male 13 (39.4%) 42 (55.3%) 55 (50.5%)

� Female 20 (60.6%) 34 (44.7%) 54 (49.5%)

Characteristics at

primary diagnosis

Age at primary

diagnosis (months)

� <24 9 (27.3%) 16 (21.1%) 25 (22.9%)

� 24e48 12 (36.4%) 20 (26.3%) 32 (29.4%)

� 49e96 12 (36.4%) 35 (46.1%) 47 (43.1%)

� >96 0 (0.0%) 5 (6.6%) 5 (4.6%)

Tumour stage

� I 27 (81.8%) 63 (82.9%) 90 (82.6%)

� II 6 (18.2%) 13 (17.1%) 19 (17.4%)

Characteristics at

relapse

Age at relapse

(months)

� <24 4 (12.1%) 5 (6.6%) 9 (8.3%)

� 24e48 9 (27.3%) 19 (25.0%) 28 (25.7%)

� 49e96 19 (57.6%) 39 (51.3%) 58 (53.2%)

� >96 1 (3.0%) 13 (17.1%) 14 (12.8%)

Pattern of relapse

� Local 7 (21.2%) 21 (27.6%) 28 (25.7%)

� Metastatic 22 (66.7%) 47 (61.8%) 69 (63.3%)

� Combined 4 (12.1%) 8 (10.5%) 12 (11.0%)

Time to relapse from

primary diagnosis

� <6 months 6 (18.2%) 8 (10.5%) 14 (12.8)

� �6 months 27 (81.8%) 68 (89.5%) 95 (87.2%)

Therapy at relapse

Chemotherapy

� VAD 5 21 26

� More intensive

regimensa
24 42 66

o Ifosfamide-based 19/24 9/42 28/66

ICE-based - 18/19 - 9/9 - 27/28

o Ifosfamide þ
cyclophosphamide-based

1/24 7/24 8/66

ICE-based - 0/1 - 7/7 - 7/8

o Cyclophosphamide-

based

2/24 23/42 25/66

o Other intensive

therapy

2/24 3/42 5/66

� Other regimensb 4 13 17

o Cyclophosphamide-

basedc
0/4 7/13 7/17

Radiotherapy

� No 14 29 43

� Yes 15 45 60

� Unknown 4 2 6

HD HSCT

� No 28 66 94

� Yes 5 10 15

Abbreviations: HD HSCT, high-dose chemotherapy with haemato-

poietic stem cell transplantation.
a See Supplementary Table 3 for an extensive overview of the

administered treatment regimens.
b Other regimens include those that were not VAD and were not

considered more intensive (Supplementary Table 3).
c Cyclophosphamide, cisplatin and etoposide (CyCE) and cyclophos-

phamide, doxorubicin and etoposide (CyDE) regimens were included in

the cyclophosphamide-based treatment group (NZ 32 in total).
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5. Results

The SIOP database registered 5138 patients with uni-

lateral WT in the SIOP 93e01 and the SIOP 2001 study.

From the total cohort, 2007 (39.1%) patients were

treated with VA-only, and 193 (9.6%) of these patients

experienced tumour relapse, predominantly within 5
years after primary diagnosis. This cohort comprised

27.3% of all relapses. Of the 193 cases, we excluded 48

patients (24.9%; Fig. 1). Details on relapse treatment

were missing in 36 (24.8%) of the remaining 145 pa-

tients. Thus, a total of 109 patients were evaluable

(Fig. 1).

Patient characteristics per study are presented in

Table 2. Most patients (N Z 107) had a WT with IR
histology, and two presented with completely necrotic,

LR WT. The 36 patients with missing data presented

with similar characteristics, except for relapse location,

which was more often local in our cohort

(Supplementary Table 2).

In total, 36 different chemotherapeutic relapse regi-

mens were reported (Supplementary Table 3). VAD was

administered to 26 patients, whereas 66 patients received
more intensive treatment (15/66 patients additionally

received HD HSCT). The remaining 17 patients received

regimens that were not VAD, nor considered more

intensive. Among patients with known data on local

therapy at relapse, 60 of 103 were treated with radio-

therapy and 77 of 105 were treated with surgery. Among

the 43 patients who had not been treated with radio-

therapy, 32 had undergone surgery at relapse. The
extent of surgery and response to local therapy, how-

ever, were unknown.

5.1. Outcome of all relapsed WT patients initially treated

with VA

The estimated 5-year EFS rate post-relapse in the total
cohort was 72.3% (95% confidence interval [CI]:

64.0e81.6%) and estimated 5-year OS was 79.3% (95%

CI: 71.5e88.0%; Fig. 2). The median follow-up time was

73 months (range: 8e160 months). All 21 deaths were

disease related and not related to treatment toxicity.

Patients treated during the SIOP 93-01 study had

inferior EFS and OS rates after relapse, with an almost

3-fold increase in the risk of event and death when
compared with patients treated according to the SIOP

2001 protocol. Other characteristics at primary diag-

nosis and at relapse, excluding relapse treatment, were

not significantly associated with survival (Table 3).

5.2. Outcome according to relapse treatment

The clinical characteristics of patients treated with VAD

were comparable to those of patients treated with more

intensive therapy (Supplementary Table 4). Five-year

EFS and OS rates after VAD therapy compared with



Fig. 2. KaplaneMeier curves showing 5-year event-free survival estimate (EFS) with 95% confidence interval (CI) (left) and 5-year overall

survival estimate (OS) with 95% CI (right) after first recurrence.
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more intensive treatment were not significantly different

(Tables 3 and 4). Similarly, we observed no survival

difference between patients treated with VAD and ICE-

based regimens. ICE-based regimens were more often

administered during the 93-01 study (p-value Z 0.015;

Supplementary Table 5).

In a subgroup analysis, the 5-year EFS and 5-year OS
rates were comparable between patients treated with

cyclophosphamide-based and ifosfamide-based regimens

(Table 4). Ifosfamide-based regimens were more often

administered during the 93-01 study (p-value �0.001;

Supplementary Table 6). The 5-year EFS and OS rates

for patients treated with ifosfamide and cyclophospha-

mide did not differ significantly between patients treated

with ifosfamide-based or cyclophosphamide-based regi-
mens only (p-value EFSZ 0.734 and p-value OSZ 0.945

[log rank (overall pooled)]).

To determine which clinical characteristics were

associated with the administered chemotherapy, a lo-

gistic regression model was fitted with VAD and inten-

sive therapy as dependent variables. The resulting

model, including sex and time to relapse as independent

variables (Supplementary Table 7), did not adequately
fit the data (McFadden’s pseudo R2: 0.054). This illus-

trates that none of the known clinical factors was

significantly associated with administered treatment.

The estimated 5-year EFS rates were comparable

between the selected group of patients treated with and

without HD HSCT (hazard ratio: 1.787 [95% CI:

0.678e4.708] [p-value Z 0.240]; Table 4).

Treatment with HD HSCT was associated with a 5-
year OS of 51.9% (95% CI: 30.3e89.1%), whereas pa-

tients who had not received HD HSCT had a 5-year OS

rate of 82.0% (95% CI: 71.2e94.4%; hazard ratio: 2.8894

[95% CI: 1.003e8.354] [p-value Z 0.049]). Clinical

characteristics did not differ significantly between
patients treated with and without HD HSCT

(Supplementary Table 8).

We finally aimed to explore which patients benefitted

most from VAD therapy. The clinical characteristics

were not significantly different between patients who did

and did not present with a second event, nor between

patients who died and who were still alive at last follow-
up (Supplementary Tables 9 and 10). The 5-year EFS

rate in the group of patients treated with VAD was

80.0% (95% CI: 65.8e97.3%), and the 5-year OS rate

was 88.0% (95% CI: 76.1e100%).

6. Discussion

We aimed to seek further evidence for the use of

CyCED therapy in patients who relapsed after VA-only
therapy and were registered in the SIOP-RTSG 93e01

and 2001 studies. Based on the relapse recommenda-

tions in the study protocols, we expected that most

patients in our cohort had received either VAD,

CyCED or ICE/ECIE/ECID. In reality, a large variety

of regimens had been prescribed. This reflects the un-

certainty when assigning rescue treatment based on the

current weak evidence.
Survival rates after VAD compared with more

intensive therapies, including CyCED, were not

different. However, relapse treatment recommendations

in the SIOP 93e01 and the SIOP 2001 protocols were

limited, and the choice of therapy was predominantly

based on the local paediatric oncology team (only the

United Kingdom/Ireland had a national relapse proto-

col). Therefore, the extent of relapse therapy may have
been dependent on other (unknown) clinical factors than

upfront treatment and study protocol alone. This is in

line with our logistic regression model for therapy

choice, which suggested that none of the known clinical



Table 3
Univariate Cox regression analysis for EFS and OS after first recurrence.

Variable Sample

size

Events

EFS

Hazard ratio

EFS (95% CI)

p-value Events

OS

Hazard ratio

OS (95% CI)

p-value

Total 109 28 21

Study 76 2001 13 1 9 1

33 93e01 15 2.818 (1.339e5.929) 0.006 12 2.927 (1.229e6.973) 0.015

Sex 55 Male 13 1 11 1

54 Female 15 1.177 (0.560e2.473) 0.668 10 0.926 (0.393e2.182) 0.861

Characteristics at primary

diagnosis

Age at diagnosis

(months)

25 <24 5 1 0.520 3 1 0.448

32 24e48 11 2.011 (0.698e5.795) 0.196 9 2.719 (0.736e10.049) 0.134

47 49e96 10 1.250 (0.427e3.657) 0.684 8 1.584 (0.420e5.973) 0.497

5 >96 2 2.002 (0.388e10.330) 0.407 1 1.817 (0.188e17.554) 0.606

Stage 90 I 24 1 17 1

19 II 4 0.831 (0.288e2.396) 0.732 4 1.184 (0.398e3.524) 0.762

Characteristics at relapse

Age at relapse

(months)

9 <24 1 1 0.620 1 1 0.764

28 24e48 9 3.296 (0.417e26.020) 0.258 6 2.045 (0.246e16.995) 0.508

58 49e96 13 2.436 (0.319e18.628) 0.391 10 1.805 (0.231e14.109) 0.573

14 >96 5 3.466 (0.405e29.685) 0.257 4 2.920 (0.325e26.223) 0.339

Pattern of relapse 28 Local 5 1 4 1

81 Metastatic/

combined

23 1.578 (0.600e4.151) 0.356 17 1.467 (0.493e4.359) 0.491

Time to relapse

(months)

95 �6 24 1 17 1

14 <6 4 1.150 (0.399e3.316) 0.796 4 1.688 (0.567e5.023) 0.347

Therapy at relapse

Chemotherapy 66 More intensive 19 1 15 1

26 VAD 5 0.611 (0.228e1.638) 0.327 3 0.438 (0.126e1.517) 0.193

34 ICE-baseda 7 1 5 1

26 VAD 5 0.894 (0.284e2.819) 0.849 3 0.709 (0.169e2.969) 0.637

HD HSCTb 51 No 13 1 9 1

15 Yes 6 1.787 (0.678e4.708) 0.240 6 2.894 (1.003e8.354) 0.049

Radiotherapy 43 No 13 1 0.081 9 1 0.603

60 Yes 11 0.618 (0.277e1.379) 0.239 10 0.902 (0.363e2.238) 0.902

6 Unknown 4 2.253 (0.733e6.919) 0.156 2 1.966 (0.420e9.202) 0.391

Statistically significant p values are represented in boldface.

Abbreviations: CI, confidence interval; EFS, event-free survival; HD HSCT, high-dose chemotherapy with haematopoietic stem cell trans-

plantation; OS, overall survival.
a Subset of more intensively treated patients (Supplementary Table 3).
b Among intensively treated patients.

Table 4
Survival rates according to relapse treatment.

Relapse treatmenta N 5-year estimated

EFS (95% CI)

5-year estimated OS

(95% CI)

VAD 26 80.0% (65.8e97.3%) 88.0% (76.1e100%)

Intensive therapy 66 67.6% (56.4e80.9%) 75.2% (64.5e87.6%)

ICE-based therapy 34 77.0% (63.3e93.5%) 86.3% (74.5e99.9%)

Ifosfamide-based 28 69.4% (53.8e89.6%) 80.1% (65.8e97.5%)

Cyclophosphamide-

based

32 74.8% (59.9e93.3%) 73.1% (55.7e95.8%)

Intensive therapy

þ HD HSCT

15 53.3% (31.7e89.7%) 51.9% (30.3e89.1%)

Intensive therapy

� HD HSCT

51 71.5% (59.3e86.2%) 82.0% (71.2e94.4%)

Abbreviations: CI, confidence interval; EFS, event-free survival; HD

HSCT, high-dose chemotherapy with haematopoietic stem cell trans-

plantation; N, number of patients; OS, overall survival.
a Treatment groups include overlapping patients.
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factors were significantly associated with administered

treatment. Conceivably, the tumour burden at relapse

(e.g. number of tumour foci and the tumour diameter at

relapse [16]) may have influenced the choice of treat-

ment. Unfortunately, data on the extent of the tumour

at relapse, other than location, were not available.

We observed no survival benefit of patients treated

with ICE-based regimens when compared with VAD
therapy. The type of alkylating agent (i.e. ifosfamide or

cyclophosphamide) used in more intensive treatment

regimens did not affect survival rates. However, the in-

dependent value of ifosfamide-based regimens remains

uncertain as this drug (alone and as part of ICE-based

regimens) was more often administered during the SIOP

93e01. Treatment during the SIOP 93e01 rather than

the 2001 study was associated with poorer survival. This

s-
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urvival difference between the two SIOP studies may

suggest that personalised management of relapsed WT

has improved over the years, possibly reflecting

improved risk stratification and subsequent treatment

allocation during the SIOP 2001 study.

The addition of HD HSCT to consolidate relapse

treatment did not improve the outcome of standard-risk

relapse patients. This conceivably reflects the reservation
of HD HSCT for patients with aggressive, refractory

tumours. Our finding is consistent with that of a previ-

ously published systematic review, which summarised 19

studies and reported no EFS benefit for standard-risk

relapse patient treated with HD HSCT compared with

those who were not (hazard ratio: 0.97 [95% CI:

0.43e2.17] [p-value Z 0.94]) [17]. Moreover, our results

are in line with the current rationale for not routinely
prescribing HD HSCT to standard-risk relapse patients

in the UMBRELLA protocol [18].

Stage of the primary tumour and radiotherapy during

relapse treatment were not associated with survival in

our cohort, although previously identified as a prog-

nostic factor for OS [4,9]. However, the vast majority of

patients in our cohort had stage I primary tumours (90/

109 [82.6%]), and (relapse) sample sizes were too limited
to perform multivariate Cox regression analysis and rule

out the potential influence of confounding factors.

Moreover, information on radiotherapy as part of

relapse treatment was missing for some patients and the

reason for not irradiating, which may affect patient

outcome, was not documented. Also in the literature,

missing information or low-quality data on timing of

and response to local treatment at relapse are general
caveats [19].

When considering the total cohort, survival rates

were comparable to the 5-year EFS of 74% and 5-year

OS of 84% for standard-risk relapse patients treated

with VAD (N Z 12) or CyDE (N Z 9) for relapse

during the UKWR [8]. Fifty-eight NWTSG patients

(NWTS-5) who relapsed after upfront VA therapy and

who were treated for relapse with VCyED (4-year OS
of 81.8% [95% CI: 66.0e90.7%] and 4-year EFS of

71.1% [95% CI: 54.2e82.8%]) had a similar outcome to

our cohort as well [6]. During the preceding NWTS-2

and 3 studies, OS rates following WT relapse reached

roughly 30% [20]. Included in this analysis were pa-

tients treated initially with VA or VAD (and radio-

therapy) for local or metastatic primary disease of any

histological type. In most cases, relapse treatment
consisted of VAD. In line with our SIOP data, the

improved NWTSG survival rates following relapse also

suggest improved treatment intensification and strati-

fication over time.

Finally, we were not able to identify patients who

may benefit from VAD treatment instead of more

intensive CyCED treatment because VAD-treated pa-

tients with excellent and with poor survival presented
with identical clinical characteristics.
The UMBRELLA protocol includes well-defined

risk-stratified relapse treatments and endorses next

generation sequencing of primary and paired relapse

WT tumour samples, providing a unique opportunity to

unravel relevant prognostic factors (such as gain of

chromosome 1q, which has already been associated with

an increased risk of death and first recurrence [3,21,22])

and molecular targets for further patient-tailored treat-
ment stratification at relapse [1]. In addition, early

relapse prediction based on minimal residual disease, by

liquid biopsy initiatives, may aid in optimising stratifi-

cation [14,23].

In conclusion, in the SIOP 93e01 and the 2001 study,

various salvage treatment regimens, primarily based on

VAD, CyCED or ICE therapy, had been prescribed to

relapsing patients initially treated with VA and without
radiotherapy. Our findings suggest that a subset of pa-

tients could be adequately rescued with less intensive

VAD regimens. However, to identify such patients,

additional predictors for survival, for example, the

molecular biomarkers under evaluation in primary tu-

mours, could guide a more risk-tailored rescue treat-

ment approach, which is currently based primarily on

previously received therapy.
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