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A B S T R A C T

Purpose
The goal of this studywas to analyze the association of copy number gain of 1q in favorable-histology
Wilms tumors (FHWTs) with event-free survival (EFS) and overall survival (OS) within each tumor
stage and with 1p and 16q copy number loss and/or loss of heterozygosity.

Methods
Unilateral FHWTs from 1,114 patients enrolled in National Wilms Tumor Study-5 that were in-
formative for 1p and 16q microsatellite markers (previously determined) and informative for 1q gain,
1p loss, and 16q loss using multiplex ligation-dependent probe amplification were analyzed.

Results
Eight-year EFS was 86% (95% CI, 84% to 88%) for the entire cohort. Of 1,114 patients, 317 tumors
(28%) displayed 1q gain. Eight-year EFS was 77% for those with 1q gain and 90% for those lacking
1q gain (P, .001). Eight-year OS was 88% for those with 1q gain and 96% for those lacking 1q gain
(P , .001). Within each disease stage, 1q gain was associated with inferior EFS (stage I, 85% v 95%;
P = .0052; stage II, 81% v 87%; P = .0775; stage III, 79% v 89%; P = .01; stage IV, 64% v 91%;
P= .001). OSwas significantly inferior in patientswith stage I (P, .0015) and stage IV disease (P= .011).
With multivariable analysis, 1q gain was associated with an increased relative risk of relapse of 2.4
(P , .001), whereas 1p loss was not, despite significance on univariable analysis.

Conclusion
Gain of 1q is associated with inferior survival in unilateral FHWTs and may be used to guide risk
stratification in future studies.

J Clin Oncol 34:3189-3194. © 2016 by American Society of Clinical Oncology

INTRODUCTION

The current overall survival rates of all patients
with Wilms tumor (WT) is approximately 90%.
Nevertheless, certain subsets of patients have sur-
vival estimates well below this figure, including
those with favorable histology who relapse, those
with anaplastic histology, and those with bilateral
disease. Moreover, WT therapy comes at a cost; 24%
of survivors are affected by severe chronic health
conditions, including cardiac and pulmonary tox-
icities, infertility, and secondary malignancies.1

Further improvement in clinical outcomes can be
achieved by identifying novel biologic prognostic
factors that would improve our ability to better
tailor therapy.

Clinical prognostic factors currently used to
stratify therapy for WT include tumor histology,
disease stage, patient age, tumor weight, and
completeness of lung nodule response after
6 weeks of chemotherapy.2 The only molecular
prognostic factor that has been used in clinical
studies for the risk stratification for WT is the
combined loss of heterozygosity (LOH) of chro-
mosomes 1p and 16q. A study evaluating patients
enrolled inNationalWilms Tumor Study (NWTS)-3
and NWTS-4 found that LOH at either 1p or 16q
correlated with an adverse prognosis.3 Further
studies from national groups in the United King-
dom, Germany, and Italy confirmed this associa-
tion.4-8 NWTS-5 prospectively demonstrated that
LOH at either 1p or 16q showed a trend toward an
increased risk of relapse or death; post hoc analysis
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revealed that the greatest effect was seen with combined LOH at
both loci.9 Although LOH at 1p and 16q is specific for predicting
relapse, it is not sensitive, because only 4.6% (76/1,656) of patients
with favorable-histology WTs (FHWTs) had tumors with combined
LOH for 1p and 16q, and combined LOH for 1p and 16q was present
in only 9.4% (20/213) relapses in the NWTS-5 cohort.9

Gain of chromosome 1q is one of the most common cyto-
genetic abnormalities in WT, observed in approximately 30% of
tumors.10 Retrospective studies involving convenience sample sets
demonstrated an association between 1q copy number (CN) or
expression gain and tumor recurrence.11-16 The Children’s Cancer
and Leukaemia Group confirmed that 1q gain was associated with
inferior event-free survival (EFS) and overall survival (OS) in-
dependent of high tumor stage or anaplasia in 331 patients.17 An
analysis of 212 FHWTs from patients treated in NWTS-4 dem-
onstrated an 8-year EFS of 76% and 93% for patients with and
without 1q gain, respectively (P = .0024).18 Moreover, 8-year OS
was 89% (95% CI, 78% to 95%) with 1q gain versus 98% (95% CI,
94% to 99%) without 1q gain (P = .0075). The studies mentioned
all lacked sufficient power to detect survival differences within each
disease stage. The goal of the current study was to allow for the
assessment of the prognostic significance of 1q gain in FHWTs in
relation to other established prognostic factors, including tumor
stage and LOH at 1p and 16q.

METHODS

Clinical Samples
Patients were registered prospectively in NWTS-5 after providing

informed consent (accrual August 1995 to June 2002). Requirements for
inclusion were stage I to IV unilateral WT, an assignment to receive
chemotherapy, favorable histology confirmed by central pathology review,
full eligibility and clinical follow-up in NWTS-5, availability of DNA from
pretherapy tumor samples, and evaluable 1p and 16q LOH data obtained
prospectively by microsatellite analysis during NWTS-5. All patients re-
ceived either vincristine and dactinomycin or vincristine, dactinomycin,
and doxorubicin, with or without radiation.19 Patients with stage 1 very
low riskWT (nephrectomy, 550 g, age, 24 months) who did not receive
initial adjuvant chemotherapy were not included.

Multiplex Ligation-Dependent Probe Amplification
Multiplex ligation-dependent probe amplification (MLPA) was

performed as previously described using a synthetic probe mixture directed
at four loci on each 1p, 16q, and 1q, and with nine control probes.18,20 For
quality control purposes, 120 tumors were analyzed in duplicate at a separate
time using the same synthetic probe panel. In addition, 64 tumors were
analyzed using the P380 Wilms Tumor probemix (MRC Holland,
Amsterdam, the Netherlands), which includes a minimum of five probesets
for each 1q, 1p, and 16q. The calls of gain or loss were made for each locus
without knowledge of the calls made from the original probesets and using
the same criteria. For all patients examined, the calls were the same for each
locus. Lastly, 18 tumors were assessed by the Genome Wide Human SNP
Array 6.0 (Affymetrix, Santa Clara, CA) and confirmed to be concordant
with the MLPA calls for the presence of 1q gain.21

Analysis
After separation by capillary electrophoresis, peaks corresponding to

each probe were identified by GeneMapper analysis (Applied Biosystems,
Foster City, CA). Samples in which the smallest peak was , 100 relative
fluorescent intensity units were not analyzed. The raw peak area for each

probe in each sample was divided by the average raw peak area for all probes
in that sample. This normalized peak area was then divided by the normalized
peak area of the reference samples. Control probes with a coefficient of var-
iation . 20% were removed. Only samples with at least three control
probes remaining were considered evaluable and included in the study.
Test probes . 1.25 were considered gained, and those , 0.75 were
considered lost. Gain or loss for a chromosomal region was scored if at
least two markers were gained or lost, respectively. Scoring was performed
without knowledge of outcome or of 1p and 16q LOH status.

Statistical Analysis
The two end points were 8-year EFS and OS. EFS and OS curves

were estimated using the Kaplan-Meier method22 and compared using
the log-rank test.23 Relative risks (RRs) were calculated using the Cox
proportional hazards model.24 Tests of correlation of 1q gain status and
patient or disease characteristics were performed using the standard x2

test for contingency tables.

RESULTS

Overall Cohort
A total of 1,114 patients with FHWTs met the inclusion

criteria and passed the quality control steps resulting in evaluable
MLPA data. The stage distribution for patients with stages II, III,
and IV disease in these 1,114 patients (Table 1) was similar to that
of the 1,484 NWTS-5 patients previously reported9; in the current
study, some patients with stage I , 24 months of age with tu-
mors, 550 g who received adjuvant chemotherapy after closure of
the very low risk therapeutic armwere included in the analysis. The
8-year EFS and OS estimates for all 1,114 patients were 86% (95%
CI, 84% to 88%) and 94% (95% CI, 92% to 95%), respectively.
A gain of 1q was present in 317 of 1,114 tumors (28%). Patients
with gain of 1q were older (median age, 51.5 months) than were
those without gain of 1q (median age, 36.5 months; P , .001
[Wilcoxon test]). The 8-year EFS estimate was 77% (95% CI, 72%
to 81%) for those with 1q gain and 90% (95% CI, 88% to 92%) for
those without 1q gain (P, .001; Fig 1). The 8-year OS estimate was
88% (95% CI, 83% to 91%) for those with 1q gain and 96% (95%
CI, 94% to 97%) for those without 1q gain (P, .001; Fig 2). There
was no difference in the pattern of relapse between those tumors
with and without 1q gain (lung only, 25/61 [41%] in patients with
1q gain and 34/65 [52%] in those lacking 1q gain; operative bed,
16% and 18% with and without 1q gain, respectively; abdomen/
pelvis, 15% and 20% with and without 1q gain, respectively; other
sites, 28% and 9% with and without 1q gain, respectively).

For the correlation between 1q gain and histologic pattern,
prechemotherapy tumors were classified during central patho-
logic review as epithelial, stromal, or blastemal if more than two
thirds of the tumor demonstrated this histology. The remainder
were classified as mixed. There was no significant difference in the
distribution of histologic patterns between tumors with 1q gain
(42% blastemal, 6% epithelial, 50% mixed, and 2% stromal) and
tumors lacking 1q gain (35% blastemal, 8% epithelial, 55% mixed,
and 2% stromal).

Outcomes by Disease Stage
Stage distribution was as follows: stage I, 241 (22%); stage II,

382 (35%); stage III, 358 (32%); and stage IV, 133 (12%). Patients
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with gain of 1q were less likely to have stage I disease (14.5% v
24.5%) and more likely to have stage IV disease (18.3% v 9.4%)
than were those without gain of 1q (P , .001). Whereas the
frequency of 1q gain for the entire cohort was 28%, the frequency
of 1q gain according to stage was as follows: stage I, 20%; stage II,
26%; stage III, 32%; and stage IV, 44%. Gain of 1q was associated
with significant inferior EFS in patients with stages I, III, and IV
disease and with clearly inferior OS in patients with stages I and IV
disease (Table 1). For patients with stage III disease, there was no
significant difference in the distribution of 1q gain on the basis of
the reason for stage III disease. For patients with 1q gain, 35% had
a tumor in regional lymph nodes, 22% had a tumor at the surgical
margin, 13% had both a positive margin and lymph node, 9%
received a biopsy only before therapy, 16% had tumor rupture/
spill, and 3% had either piecemeal or incomplete excision. For
patients lacking 1q gain, the distribution was 30%, 27%, 13%,
12%, 13%, and 3%, respectively.

CN Loss for 1p and/or 16q
CN loss of 1p was identified in 103 tumors (9%) and was

associated with decreased 8-year EFS (P = .01). CN loss of 16q was
seen in 146 patients (13%) and was associated with decreased
8-year EFS (P = .008). There were no significant differences in the
distribution of stage by 1p CN loss (P = .20) or by 16q CN loss
(P = .37). With univariable analysis, the presence of either 1p loss
or 16q loss was prognostic (P = .007), with the lowest EFS seen in
tumors with both 1p and 16q CN loss. With multivariable analysis
(Cox proportional hazards model), 1q gain was prognostic for EFS
(RR, 2.4; P , .001), but after adjusting for the effect of 1q gain,
neither 1p loss nor 16q loss were significantly associated with EFS.
Whenmultivariable analysis was repeated to include disease stage, 1q
gain remained significantly associated with EFS (RR, 2.2; P, .001).
Multivariable analysis assumes no interaction between the
variables analyzed. However, among those patients with gain of
1q, loss of 1p was much more common (73/317, 23%) than in
patients without gain of 1q (30/797, 4%; P , .001). Likewise,
among those tumors with gain of 1q, loss of 16q was much more
common (82/317, 26%) than in tumors without gain of 1q
(64/797, 8%; P , .001). Therefore, the outcome of patients with
and without 1q gain in their tumors was separately analyzed for
impact of 1p and 16q loss. This demonstrated no significantly
increased risk of relapse associated with 1p and 16q in the group of
patients with 1q gain. However, in the group of patients lacking
1q gain, the 8-year EFS was 91% for those without 1p and/or
16q loss and 84% for those with 1p and/or 16q loss (P = .03;
Table 2).

Correlation Between 1p and 16q CN and LOH
Because MLPA was performed on the same extracted DNA

sample on which the original LOH analysis was originally per-
formed, we were uniquely able to compare CN loss with LOH. For
1p, 1,070 of 1,114 (96%) CN calls correlated with LOH calls; for
16q, 1,067 of 1,114 (96%) CN calls correlated with LOH calls
(Table 3). Copy-neutral LOH was identified for 1p and 16q in 25
(2%) and 32 (3%) tumors, respectively. Failure to detect LOH in
tumors with CN loss was identified for 1p and 16q in 19 (1.7%)
and 15 (1.3%) tumors, respectively. This may be attributable to the
continuous improvement in LOH analysis methodology throughout
the course of NWTS-5.

Table 1. Eight-Year EFS and OS Stratified by Disease Stage and 1q Status

Disease Stage No. (% of stage group) 8-Year EFS (95% CI) P (EFS) 8-Year OS (95% CI) P (OS)

Stage I (n = 241, 21.6%)
1q gain 46 (20) 85 (72 to 98) 90 (80 to 100)
No 1q gain 195 (80) 95 (91 to 99) .0052 98 (96 to 100) .0015

Stage II (n = 382, 34.3%)
1q gain 98 (26) 81 (71 to 91) 94 (87 to 100)
No 1q gain 284 (74) 87 (83 to 92) .0775 97 (94 to 99) .1917

Stage III (n = 358, 32.1%)
1q gain 115 (32) 79 (70 to 87) 91 (85 to 97)
No 1q gain 243 (68) 89 (84 to 94) .0100 95 (91 to 98) .3335

Stage IV (n =133, 11.9%)
1q gain 58 (44) 64 (48 to 79) 74 (60 to 88)
No 1q gain 75 (56) 91 (83 to 99) .0004 92 (84 to 99) .0110

Abbreviations: EFS, event-free survival; OS, overall survival.
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Fig 1. Event-free survival (EFS) stratified for 1q gain.
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DISCUSSION

This study confirms the association of 1q gain with inferior EFS
within each disease stage of FHWT. The presence of 1q gain in
28% of FHWTs creates the potential to influence risk strati-
fication of a substantial number of patients. By contrast, LOH at
both chromosomes 1p and 16q, used for risk stratification in
the most recently completed Children’s Oncology Group
(COG) renal tumor studies, was observed in only 5% of pa-
tients. Gain of 1q was more prevalent within tumors of higher
stage disease, suggesting that this cytogenetic change is asso-
ciated with tumor aggressiveness and metastatic potential. It is
noteworthy that 1q gain has been linked with adverse out-
come in other tumor types, including neuroblastoma, pediatric
ependymoma, medulloblastoma, Ewing sarcoma, and several
adult tumors.25-30

The relevant genes on 1q that confer adverse prognosis remain
to be determined, despite numerous studies and a variety of ap-
plied technologies. The vast majority of tumors with 1q gain show
gain of the entire long arm. Detailed discussions of the cytoge-
netic mechanisms responsible for 1q gain in many WTs (trans-
locations and 1q isochromosome formation) have been previously
reviewed.10,18

Following is a review of our findings by stage:

• Stage I: Patients with stage I FHWTs and 1q gain had sig-
nificantly lower EFS (85% v 95%) and OS (90% v 98%)
compared with patients without 1q gain. The lower survival
rates observed with 1q gain may provide an opportunity to
augment therapy to avoid relapses and cancer-related deaths
in the future. However, 85% of patients with 1q gain did not
relapse with the current two-drug therapy; therefore, in-
creasing treatment of this groupwould subject 16% of patients
with stage I disease (19%with 1q gain3 85%without relapse)
to unnecessary therapy. If therapy augmentation were to be
studied, it would be desirable to use anti-WT agents without
known long-term toxicities, such as the camptothecins.29

Another potential approach would be to augment salvage
therapy for the 15% with 1q gain who experience recurrence.
This latter approach should likely be undertaken regardless of
initial approach because the salvage therapy used in NWTS-5
was effective for only 33% of this group. We did not include
observation-only very low risk FHWTs in this study, but note
that only two of 39 patients had 1q gain and neither relapsed;
similar findings are reported for these patients in the current
AREN study.30

• Stage II: Patients with stage II FHWTs and 1q gain had lower
EFS (81% v 87%) and OS (94% v 97%) compared with
patients without 1q gain, although neither was statistically
significant. Strategies for therapy or salvage augmentation
similar to that described for patients with stage I can thus be
considered. However, again, 21% of patients with stage II
(26% with 1q gain3 81% without relapse) would not benefit
from this. To further develop the optimal strategies for future
studies, analysis of both stages I and II FHWTs enrolled in the
recent COG studies are under way.

• Stage III: Patients with stage III FHWTs and 1q gain had
significantly lower EFS than did those without 1q gain (79% v
89%), but the difference in OS (91% v. 95%) was not sta-
tistically significant. The distribution of 1q gain did not differ
on the basis of the reason for stage III disease. Although
patients with stage III disease had relatively good outcomes,
their current treatment included doxorubicin and flank or
abdominal radiation therapy (XRT), which are associated with
an increased risk of late effects.1 The outstanding OS for
patients with stage III FHWTs who lack 1q gain may provide
an opportunity to reduce therapy (doxorubicin and/or XRT)
in the context of a carefully monitored clinical trial.
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Fig 2. Overall survival (OS) stratified for 1q gain.

Table 2. Eight-Year EFS Stratified by 1q Status and LOH 1p/16q Status

1q Status 1p or 16q Call No. of Patients 8-Year EFS (95% CI)

No gain No loss 715 91 (88 to 93)
No gain Loss 82 84 (74 to 93)
Gain No loss 174 77 (69 to 84)
Gain Loss 143 78 (70 to 87)

Abbreviation: EFS, event-free survival; LOH, loss of heterozygosity.

Table 3. Correlation Between Copy Number Loss and LOH for 1p and 16q

Copy Loss No Copy Loss Total

1p evaluation
1p LOH, yes 84 25 109
1p LOH, no 19 986 1,005
Total 103 1,011 1,114

16q evaluation
16q LOH, yes 131 32 163
16q LOH, no 15 936 951
Total 146 968 1,114

Abbreviation: LOH, loss of heterozygosity.
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• Stage IV: EFS (64% v 91%) and OS (74% v 92%) were
strikingly worse in patients with stage IV FHWTs with 1q gain.
Although this suggests an opportunity for therapeutic aug-
mentation for those with 1q gain, a new treatment approach
adopted for stage IV FHWTs in the recently completed COG
AREN0533 study used risk-adapted therapy on the basis of
completeness of lung nodule response after 6 weeks of
therapy.31 Patients with complete lung nodule response after
chemotherapy were treated without lung XRT, and patients
with incomplete lung nodule response received additional
cyclophosphamide and etoposide. The prognostic value of 1q
gain with this new approach, as well as whether 1q gain
correlates with completeness of lung nodule response, needs
to be determined before planning future protocols.

This study clearly demonstrates that the presence of 1q gain is
not independent of 1p and 16q loss, as is expected, given that
t(1;16) and i(1q) are common cytogenetic features identified in
WT.10,18 Both can result in loss of 1p and/or 16q and the si-
multaneous gain of 1q. Which individual or combination of CN
changes results in the adverse outcome is not clear. Our data
suggest that the single most powerful predictor of outcome is 1q
gain and that in the presence of 1q gain, neither 1p nor 16q loss is
significant. However, in the absence of 1q gain, 1p and/or 16q loss
do retain some prognostic significance and may therefore be
helpful in further stratifying 1q-gain-negative patients.

The methods historically used to determine LOH (micro-
satellite analysis) do not measure gain. MLPA is able to directly and
cost effectively measure both copy loss and gain and is now widely
used in clinical testing. It can be easily multiplexed to include 1p
and 16q loss as well as 1 q gain and does not rely on the con-
comitant availability and analysis of a source of constitutional
DNA. We demonstrated a strong concordance between LOH
and CN loss for 1p and 16q, with true lack of concordance in

only approximately 2% of tumors. Another 2% to 3% showed
copy-neutral LOH, a recognized mechanism of chromosomal
aberration. This suggests that direct CN loss (as measured using
MLPA) may replace microsatellite analysis.

In conclusion, these findings validate the strong association
between outcome and 1q gain that affects all stages to some degree,
providing support for the use of 1q gain to stratify therapy in future
FHWT therapeutic trials in a stage-specific manner. Although the
overall prognosis for FHWT is reasonably good compared with
some childhood cancers, a significant percentage of patients will
relapse with current standard therapeutic approaches.2 Conversely,
a large number of patients may be receiving toxic therapy that is
not warranted. The addition of 1q gain to the existing prognostic
framework of risk factors has the potential to refine the selection of
patients as candidates for either therapy intensification or reduction.
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