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Abstract
Survival for subgroups of patients with Wilms tumor (WT), such as those who suffer from relapse, is disappointing. Some
patients’ treatment plans include high-dose chemotherapy (HDT) with autologous hematopoietic cell transplantation
(aHCT), although proof for its benefit is lacking. To increase the level of evidence regarding children with WT receiving
aHCT as consolidation of first or second remission (after first relapse), we extracted relevant data from the European Blood
and Marrow Transplantation Registry concerning 69 patients. Different HDT regimens were administered, mostly either
melphalan-containing (n= 34) or thiotepa-containing (n= 14). For the whole population, 5-year overall survival (OS) and
event-free survival (EFS) probabilities were 0.67 (±0.06) and 0.63 (±0.06), respectively (median observation time 7.8 years);
for children transplanted in first remission, OS and EFS were 0.69 (±0.09) and 0.72 (±0.08). In univariate analysis, male
gender and relapse in multiple sites were associated with lower OS probabilities. The use of a given pretransplant regimen
(i.e. melphalan alone versus regimens with multiple drugs) did not seem to influence EFS/OS probability after aHCT, but
significantly influenced platelet engraftment (more delayed with thiotepa). We here provide further data to improve the basis
for future evidence-based clinical decision-making when using HDT and aHCT in relapsed/refractory WT.

Introduction

Wilms tumor (WT) is the most common renal cancer in
childhood, with about 1000 new patients diagnosed in
Europe each year [1]. With optimized use of chemotherapy,

nephrectomy, and sometimes radiotherapy, a 5-year overall
survival (OS) of 90% can be achieved [2–5]. About 15% of
treated patients suffer from relapse of WT, mostly within 2
years after nephrectomy [6]. OS after relapse is around
50%, but the outcome varies depending on several
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prognostic factors, including initial histological risk group
and tumor stage, and previous treatment intensity [7–9].
Despite fair improvement in contemporary studies, the
prognosis for certain subgroups of relapsing patients,
including those with high-risk histologic or molecular fea-
tures, patients who had already received a number of
effective drugs, or patients suffering from multiple relapses,
remains dismal [9].

We have recently reported that phase I/II studies on
novel agents or innovative strategies focusing on children
with WT are insufficient [10], and the foundation of sal-
vage therapy for recurrent/resistant WT mostly comes
from limited and retrospective analysis [9]. We have also
learned that the application of more risk-adapted retreat-
ment strategies has improved survival to nearly 70–80%
for patients who relapse after minimal first-line therapy,
consisting of only vincristine and actinomycin-D, while
minimizing long-term toxicity [7]. However, nearly two-
thirds of relapses fall into the higher risk groups, i.e.,
patients who have received prior treatment including
doxorubicin and, sometimes, radiotherapy and additional
chemotherapeutic agents; for these patients postrelapse
survival rate is less than 40% [8, 9]. Some investigators
have incorporated myeloablative high dose chemotherapy
(HDT) into relapse regimens for these high-risk patients,
with reported event-free survival (EFS) estimates ranging
from 36% to 60% [11–15]. The value of HDT with
autologous hematopoietic cell transplantation (aHCT) to
treat recurrent WT is one of the unsettled questions in the
field, since others report similar outcomes with standard
doses of chemotherapy, [8, 16] but outside randomized
comparison.

The comprehensive Bayesian analysis from Ha et al.
from nonrandomized comparisons of ‘no HDT’ versus
HDT, and from single arm studies of either ‘no HDT’ or
HDT alone, can be regarded as the largest available attempt
to summarize evidence in this field, and concluded with a
deal of uncertainty concerning the role of HDT in relapsing
patients [17]. Since the first European Blood and Marrow
Transplant (EBMT) report, [18] the number of transplanted
patients with WT included in the EBMT registry has grown
to over 400 cases, most of them treated outside clinically
controlled protocols. In a recent analysis from the Center for
International Blood and Marrow Transplantation Research,
outcomes on 253 children with relapsed WT have been
described [19].

There is also a standing interest in evaluating the efficacy
of HDT/aHCT in tumors refractory to standard initial
treatment: this indication is even less explored, and its value
has not yet been established. Metastatic diffuse anaplastic or
postchemotherapy blastemal-type WTs have EFS rates lar-
gely below 30% with conventional dose chemotherapy;
therefore, the Renal Tumor Study Group of the International

Society of Pediatric Oncology is exploring the role of
upfront HDT for this subgroup [20].

Recognizing this as an unmet clinical need, with the goal
of improving the level of evidence on the benefit deriving
from the use of HDT/aHCT in WT, especially in those
patients with first complete remission (CR1) and second
complete remission following first relapse (CR2), we report
the results of an analysis of outcome for patients registered
in the EBMT registry.

Subjects and methods

Data source

EBMT is a voluntary working group, including over 500
transplantation units that are requested to report data for all
consecutive HCTs and related follow-up visits once each
year. Audits are routinely performed to ensure the com-
pleteness/accuracy of data. According to EBMT rules,
patients/families are requested to give informed consent for
data entry into the EBMT registry database and their use for
analysis in accordance with the Declaration of Helsinki.

Data collection

The present analysis concerns patients younger than 18
years, with WT in CR2 (patients relapsing after primary
treatment and receiving HDT after having achieved a sec-
ond complete response after first relapse) or having
achieved CR1 (both patients who achieved CR after initial
systemic treatment and those who failed to obtain clinical
remission on initial treatment but achieved CR on second-
line treatment), who have undergone a single aHCT
between 1995 and 2010 at an EBMT center. Data regarding
demographics, diagnosis, conditioning regimen, graft
characteristics, and outcome have been obtained via a
questionnaire integrating data already available in the
EBMT ProMISe database. Centres were approached if they
had any patients who met the above mentioned study
inclusion criteria and the related patient data were properly
updated in ProMISe database.

Of 414 patients with WT recorded in the EBMT Registry
in the study period (1995–2010), 144 were eligible because
they had received HDT and aHCT for either CR1 or CR2
disease status. Sixty-two centers (registering the 144
patients) were contacted, and 26 centers (corresponding to
79 patients) accepted to participate. A few centers answered
that they did not want to participate, and some centers did
not answer to our call. To note, participation was voluntary,
and reasons why the centers denied or refused to take part to
this study were not collected, thus this information is
missing.

High dose chemotherapy and autologous hematopoietic cell transplantation for Wilms tumor: a study of. . . 377



Statistical analysis

The primary study endpoints were EFS and OS. Events
were the first evidence post aHCT of tumor recurrence,
progression, second tumor or all-cause death for EFS, and
all-cause death for OS. The Kaplan–Meier method was
used to estimate EFS and OS [21]. Patients with no event
were censored at the date of their last follow-up evalua-
tion. For the statistical comparison, the log-rank test
and Cox-regression was used [22]. Chi-square test and
Wilcoxon two-sample test was used to compare patient
and transplant characteristics in CR1 and CR2 patients
[23]. Median follow-up was estimated using the inverse
Kaplan–Meier method.

We examined the influence of these variables on EFS
and OS: patient age at transplantation (≤ or >6 years),
anaplasia (absent versus present), gender, year of diag-
nosis (before or later than 2000), year of transplantation
(before or later than 2000), disease status at transplanta-
tion (CR1 vs CR2), site of relapse (local, lungs only,
combined local+ other, other), pretransplant regimen
(four options: melphalan alone, melphalan/etoposide/
carboplatin, etoposide/cyclophosphamide/thiotepa, other),
stem cell source (bone marrow vs peripheral blood).

The cumulative incidence of neutrophil and
platelet engraftment was estimated taking into account
the competing risk of death before engraftment [24].
Estimates of the cumulative incidence of these competing
events were evaluated. The statistical comparison of
cumulative incidences was done using the Gray’s
test [25].

Statistical analyses were run with SAS® 9.3 (SAS Insti-
tute, Cary, NC). Statistical significance was set at the con-
ventional 5% two-sided threshold.

Results

Sixty-nine patients (out of the 79) were included in this
analysis because of the completeness of concerning relevant
data (median age at diagnosis: 6.2 years [range: 1.9–16.1
years]). Twenty-nine patients had HDT/aHCT as CR1
consolidation, and 40 patients were transplanted in CR2
after first relapse. Table 1 shows the baseline patients’
characteristics.

The preparative regimen included melphalan in 36 cases
(melphalan alone in 14 cases), thiotepa in 14 cases
(together with cyclophosphamide/etoposide), and other
drugs in the remaining 17 cases (in two cases this infor-
mation was missing). Out of 60 patients with data on
radiotherapy, 28/60 cases received radiotherapy as part of
the treatment strategy alongside aHCT.

Survival analysis

The median follow-up was 7.8 years (range, 6.5–10.2
years). All the 23 deaths recorded were tumor related (no
toxic deaths occurred). For the whole series, the 5-year EFS
and OS probabilities were 0.63 (±0.06) and 0.67 (±0.06),
respectively (Fig. 1).

Table 1 Baseline characteristics of patients

All subjects CR1 CR2 deaths p-value

Age at aHCT, median (range) 6.2 years
(1.9–16.1)

5.9
(1.9–11.2)

5.3
(3.5–16.1)

0.286

n % n % n %

Overall series 69 29 40

Gender

Male 34 49% 15 52% 19 48% 0.729

Female 35 51% 14 48% 21 53%

Draft type

Bone marrow 9 13% 5 17% 4 10% 0.378

PBSC 60 87% 24 83% 36 90%

Conditioning regimen groups

Melphalan only 14 21% 6 21% 8 21% 0.273

MEC 22 33% 9 31% 13 34%

Thiotepa-containing 14 21% 9 31% 5 13%

Other 17 25% 5 17% 12 32%

Missing 2 – 0 – 2 –

Radiation therapy at aHCT

No 32 53% 12 50% 20 56%

Yes 28 47% 12 50% 16 44%

Missing 9 – 5 – 4 –

Histological subtype

Non anaplastic 54 92% 21 88% 33 94% 0.358

Anaplastic 5 8% 3 13% 2 6%

missing 10 – 5 – 5 –

Year of diagnosis

<2000 30 43% 15 52% 15 38% 0.239

≥2000 39 57% 14 48% 25 63%

Year of aHCT

<2000 20 29% 10 34% 10 25% 0.392

≥2000 49 71% 19 66% 30 75%

Site of relapse

Lungs only 22 63% – – 22 63% –

Lungs+ other 3 9% – – 3 9%

Other 5 14% – – 5 14%

Local 5 14% – – 5 14%

NA/missing 34 – 29 – 5 –

Metastases at diagnosis

Lungs only 28 49% 11 52% 17 47% 0.796

Lung+ other 6 11% 2 10% 4 11%

Nodes 3 5% 2 10% 1 3%

Other 3 5% 1 5% 2 6%

None 17 30% 5 24% 12 33%

Missing 12 – 8 – 4 –

Median observation time 7.8 years 6.5 years 10.2 years

CR1 first complete remission, CR2 second complete remission, aHCT,
autologous hematopoietic cell transplantation, MEC melphalan/etopo-
side/carboplatin regime, NA not available
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Univariate analyses on EFS and OS probabilities showed
worse outcomes for male patients (for both endpoints),
relapse in combined multiple sites as compared with lung
alone (only for OS), the use of peripheral blood as stem cell
source (both endpoints), but not for the other studied
variables.

Five children out of 69 (8%) had diffuse anaplastic
tumors, and one death occurred among them (after second
tumor relapse).

Survival analysis on EFS and OS showed lower prob-
abilities for CR2 patients (EFS: 0.59 [±0.08]; OS: 0.62
[±0.08]), as compared with CR1 (for EFS: 0.69 [±0.09],
p = 0.328; for OS: 0.72 [±0.08], p= 0.573), which was not
statistically significant. We evaluated the potential influence
of the drugs used in the pretransplant regimens, and statis-
tically different survival probabilities (for both endpoints)
were not observed. EFS analysis showed noninferior
probability with using melphalan alone (0.79 ± 0.11).

Table 2 shows the outcomes, for each endpoint, in terms
of 5-year survival probabilities considering the studied
factors.

Hematopoietic recovery

The day-30 cumulative incidence of platelet engraftment
was significantly worse for patients receiving aHCT
before year 2000 (35 ± 11%) compared with patients
treated later (67 ± 7%) (p= 0.03), and when thiotepa-
containing regime was used (14 ± 9%) as compared with
melphalan alone (64 ± 13%) or melphalan-containing
regimens (77 ± 9%) (p= 0.001). Other studied variables
(including stem cell source) were not associated with a
significantly different platelet day-30 engraftment. No
variables were associated with a significantly different
neutrophil day-30 or day-60 engraftment.

Discussion

There is increasing awareness that patients with relapsed
WT have heterogeneous outcomes. A number of potential
prognostic features have been evaluated; anaplastic or
SIOP blastemal-type histology and initial chemotherapy
including doxorubicin are the two features that have been
consistently associated with worse outcome [9, 17]. There
is a consensus that initial treatment received (which in turn
reflects primary tumor histology, stage and biological
variables) is a key factor in subsequent stratification for
relapse therapy, which should include drugs not used in
frontline treatment. In the more up-to-date treatment
guideline of the SIOP Umbrella protocol, a standardized
relapse treatment is proposed according to three risk
categories [20]. The standard-risk group includes patients
with favorable histology WT who relapse after vincristine
and actinomycin-D chemotherapy [7, 15, 17]. They will
receive a four-drug regimen (doxorubicin, carboplatin,
etoposide, cyclophosphamide), and survival rates are
expected to be 70–80%, [20] The high-risk group includes
patients with favorable histology WT who relapse after
therapy with three or more agents. Survival rates for these
patients are expected to be 40–50% [8, 9, 15]. The very-
high-risk group includes patients with recurrent anaplastic
or blastemal-type WT. These patients have a dismal sur-
vival in the 10% range, with very poor responses to any
drug or combination, which is likely due to intrinsic drug
resistance. These last two groups of patients represent a
subset of children with a significant risk of death from WT,
thus their clinical needs include consideration of novel
drug development and treatment strategy optimization,
such as determination of the optimum intensity of
retreatment [26–29]. Given their unsatisfactory outcome,
some investigators have used HDT and aHCT with the aim
of improving survival rates [11–15].

The proportion of patients transplanted for recurrent
WT seems to have increased over time, [18, 19] although
randomized comparison of the potential additional benefit
of such an approach over systematically intensifying non-
myeloablative chemotherapy has never been investigated.
We know that evidence for efficacy of HDT with aHCT in
patients experiencing relapse after treatment for their WT
is limited. Prospective evaluation of the role of HDT/
aHCT has been extensively discussed, but not attempted
because such a randomized phase III trial should need to
be run for an unreasonable period of time even with
international cooperation, and appropriate funding [30].
Thus the question of summarizing the current information
on the merits of an HDT approach for these patients
remains relevant.

In this study, we have described the OS and EFS
of patients with WT reported to the EBMT registry, with

OS

EFS

0.9

1.0

0.8

0.7

0.6

P
ro
ba

bi
lit
ie
s

0.5

0.4

0.3

0.2

0.1

0.0

0 5 10

Years

15

Fig. 1 For the whole series, the 5-year EFS and OS probabilities were
0.63 (±0.06) and 0.67 (±0.06), respectively
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the purpose of examining the potential benefit of HDT
and aHCT in specific disease settings, including the
frontline use of HDT in patients with features of high-risk
disease.

The best evidence for selecting one putative superior
approach comes from the work by Ha et al. [17], where
information from non-randomized comparisons of ‘no
HDT’ versus HDT, and from single arm studies of either

Table 2 The table shows the outcomes, for each endpoint, in terms of 5-year survival probabilities considering the studied factors

OS EFS

N. of patients N. of events probability p-value N. of events probability p-value

All patients 69 23 0.67 ± 0.06 26 0.63 ± 0.06

Gender

Male 34 15 0.54 ± 0.09 0.048 17 0.49 ± 0.06 0.041

Female 35 8 0.79 ± 0.07 9 0.77 ± 0.07

Age at aHCT

≤6 years 30 7 0.77 ± 0.08 0.202 8 0.77 ± 0.08 0.127

>6 years 39 16 0.59 ± 0.08 18 0.53 ± 0.08

Anaplasia

Absent 54 15 0.72 ± 0.06 0.711 18 0.68 ± 0.06 0.610

Present 5 1 0.80 ± 0.18 1 0.80 ± 0.18

Na 2 0 1.00 ± 0.00 0 1.00 ± 0.00

Year of diagnosis

<2000 30 14 0.53 ± 0.09 0.07 14 0.53 ± 0.09 0.148

≥2000 39 9 0.79 ± 0.07 12 0.71 ± 0.07

Year of aHCT

<2000 20 10 0.49 ± 0.11 0.08 10 0.50 ± 0.11 0.101

≥2000 49 13 0.74 ± 0.06 16 0.69 ± 0.07

Disease status at aHCT

CR1 29 9 0.72 ± 0.08 0.573 9 0.69 ± 0.09 0.328

CR2 40 14 0.62 ± 0.08 17 0.59 ± 0.08

Metastasis at diagnosis

Lungs only 28 6 0.79 ± 0.08 0.948 7 0.75 ± 0.08 0.912

Lung+ other 6 2 0.63 ± 0.21 2 0.67 ± 0.19

Nodes only 3 1 0.67 ± 0.27 1 0.67 ± 0.27

Other 3 1 0.67 ± 0.27 1 0.67 ± 0.27

None 17 5 0.69 ± 0.12 7 0.65 ± 0.12

Relapse site

Lungs only 22 5 0.72 ± 0.11 0.030 8 0.67 ± 0.10 0.081

Lungs 3 2 0.33 ± 0.27 2 0.33 ± 0.27

Other 5 0 1.00 ± 0.00 0 1.00 ± 0.00

Local 5 3 0.40 ± 0.22 3 0.40 ± 0.22

Conditioning drugs

Melphalan 14 3 0.79 ± 0.11 0.493 3 0.79 ± 0.11 0.265

MEC 22 10 0.57 ± 0.11 12 0.50 ± 0.11

CyET 14 4 0.71 ± 0.12 5 0.64 ± 0.13

Other 17 5 0.68 ± 0.12 5 0.70 ± 0.11

Stem cell source

BM 9 0 1.00 ± 0.00 0.038 0 1.00 ± 0.00 0.024

PB 60 23 0.62 ± 0.06 26 0.58 ± 0.06

OS overall survival, EFS event-free survival, CR1 first complete remission, CR2 second complete remission, MEC melphalan/etoposide/
carboplatin, CyET cyclophosphamide/etoposide/thiothepa, BM bone marrow; PB peripheral blood, aHCT autologous hematopoietic stem cell
transplantation
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‘no HDT’ or HDT alone, were synthesized through a
Bayesian framework. From this analysis, estimates of
3-year EFS varied considerably with a median of 52% for
those receiving HDT and 52.5% for ‘no HDT’ (the corre-
sponding values for OS were 60.9% and 52.9%, respec-
tively). Ha et al. concluded that the evidence suggested
some value of HDT and aHCT for patients with the highest
risk features at relapse, but recognized a great deal of
uncertainty concerning the remaining patients, and identi-
fied the need to gain additional evidence.

In a recent paper, Malogolowkin et al. [19] retro-
spectively examined a large series of patients (n= 253)
treated with HDT for WT reported to the Center for
International Blood and Marrow Transplantation Research
Registry. The EFS and OS estimates were 36% and 45%,
respectively, which are likely below the expected benefit
from HDT. Patients included in the analysis were very
heterogeneous in terms of disease status at transplant,
which might render it difficult to interpret their results,
and emphasizes the need to selectively focus on subgroup
analysis. Of note, 25% of patients were transplanted
without having achieved CR, which is regarded as an
adverse factor for outcome after aHCT, and a significant
proportion of patients were transplanted in ≥CR2 remis-
sion status.

The results of our study are not different to those
observed in previous reports with similar endpoints
(reviewed in Ha et al.). One main limitation lies in its ret-
rospective nature, being a registry-based analysis, and
consequently many information were not available or par-
tially reported. Specifically related to patients receiving
HDT as consolidation of first remission (CR1), an unex-
plored yet significant issue, we recognize that it would have
been important to better characterize the group. These
patients may have received HDT because of slowly
responding disease (thus regarded as refractory to conven-
tional initial chemotherapy), or because they were judged to
be at high risk of relapse by the treating physician (unfor-
tunately the ‘reason’ for CR1 consolidation was not
expressly reported). Despite these difficulties, we have
attempted a synthesis of the relevant information but remain
conscious of the limitations this imposes on our conclu-
sions. Identification of more efficacious drugs or strategies
for those tumors with initial high-risk histology (anaplastic
or pre-treated blastemal-type WTs) or adverse molecular
features (like 1q gain or loss of heterozygosity at chromo-
somes 1p and/or 16q), known to be refractory to first-line
conventional therapies is regarded as an important need for
WT [20, 26]. Noteworthy, 4 out of 5 patients with anaplasia
transplanted (three cases while in CR1, and two cases in
CR2) are alive, implying some benefit deriving from
aHCT in this setting. Keeping in mind the problem of
obtaining some response before aHCT is administered

as consolidation in patients with refractory or relapsed
anaplastic tumor, these few data seem to support the pos-
sibility that HDT may overcome the intrinsic resistance to
drugs inherent to P53 alterations observed in anaplastic
tumors [31].

Survival results for patients with CR1 or CR2 status were
not statistically different, yet a comparison between these
two groups of patients is challenging because of very dif-
ferent clinical characteristics, and beyond the remit of this
study. Nevertheless, it is noteworthy to underscore that
patients transplanted after remission of relapsed disease
(CR2) represent a group of children with recurrent disease
associated with more favorable features, including chemo-
sensitiveness, and worthy of consideration for intensified
chemotherapy approaches.

Given that most relapsed WT patients are already at risk
of renal impairment and will be receiving nephrotoxic drugs
for initial treatment of relapse, then there is an important
question about which regimen is better tolerated, while
maintaining efficacy. To date there is not a consensus on the
optimal conditioning regimen in this setting, and a wide
range of different drugs and combination has been used
[17, 19]. Our data seems to support the use of melphalan
alone for HDT, which led to noninferior survival rates
compared with other drugs or drug combinations (note-
worthy, 79% both for EFS and OS), and to better engraft-
ment comparing to thiotepa-containing regimens. This
information is going to improve the decision-making pro-
cess when selecting the most suitable pretransplant regimen
for aHCT.

Univariate analysis appearing to show worse EFS and
OS rates when peripheral blood was used as stem cell
source are difficult to explain, especially as all deaths were
tumor related, and we would not recommend that these
retrospective data be used to influence decisions regarding
selection of technique for stem cell harvest.

Updated evidence from the studies like ours, together
with any emerging studies, will form the basis for future
evidence-based clinical decision-making. Most importantly,
since no comprehensive clinical studies on recurrent disease
are currently active, our results may support clinicians when
deciding how to treat a child suffering from WT relapse.
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