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Augmentation of Therapy for Combined Loss
of Heterozygosity 1p and 16q in Favorable
Histology Wilms Tumor: A Children’s Oncology
Group AREN0532 and AREN0533 Study Report
David B. Dix, MBChB1; Conrad V. Fernandez, MD2; Yueh-Yun Chi, PhD3; Elizabeth A. Mullen, MD4; James I. Geller, MD5;

Eric J. Gratias, MD6; Geetika Khanna, MD7; John A. Kalapurakal, MD8; Elizabeth J. Perlman, MD9; Nita L. Seibel, MD10;

Peter F. Ehrlich, MD, MSc11; Marcio Malogolowkin, MD12; James Anderson, PhD13; Julie Gastier-Foster, PhD14;

Robert C. Shamberger, MD15; Yeonil Kim, MS3; Paul E. Grundy, MD16; and Jeffrey S. Dome, MD, PhD17 on behalf of the AREN0532

and AREN0533 study committees.

abstract

PURPOSE In National Wilms Tumor Study 5 (NWTS-5), tumor-specific combined loss of heterozygosity of
chromosomes 1p and 16q (LOH1p/16q) was associated with adverse outcomes in patients with favorable
histology Wilms tumor. The AREN0533/AREN0532 studies assessed whether augmenting therapy improved
event-free survival (EFS) for these patients. Patients with stage I/II disease received regimen DD4A (vincristine,
dactinomycin and doxorubicin) but no radiation therapy. Patients with stage III/IV disease received regimen M
(vincristine, dactinomycin, and doxorubicin alternating with cyclophosphamide and etoposide) and radiation
therapy.

METHODS Patients were enrolled through the AREN03B2 Biology study between October 2006 and October
2013; all underwent central review of pathology, surgical reports, and imaging. Tumors were evaluated for
LOH1p/16q by microsatellite testing. EFS and overall survival were compared using the log-rank test between
NWTS-5 and current studies.

RESULTS LOH1p/16q was detected in 49 of 1,147 evaluable patients with stage I/II disease (4.27%) enrolled in
AREN03B2; 32 enrolled in AREN0532. LOH1p/16q was detected in 82 of 1,364 evaluable patients with stage
III/IV disease (6.01%) in AREN03B2; 51 enrolled in AREN0533. Median follow-up for 83 eligible patients
enrolled in AREN0532/0533 was 5.73 years (range, 2.84 to 9.63 years). The 4-year EFS for patients with stage
I/II and stage III/IV disease with LOH1p/16 was 87.3% (95% CI, 75.1% to 99.5%) and 90.2% (95% CI, 81.8% to
98.6%), respectively. These results are improved compared with the NWTS-5 updated 4-year EFS of 68.8% for
patients with stage I/II disease (P = .042), and 61.3% for patients with stage III/IV disease (P = .001), with trends
toward improved 4-year overall survival. The most common grade 3 or higher nonhematologic toxicities with
regimen M were febrile neutropenia (39.2%) and infections (21.6%).

CONCLUSION Augmentation of therapy improved EFS for patients with favorable histology Wilms tumor and
LOH1p/16q compared with the historical NWTS-5 comparison group, with an expected toxicity profile.

J Clin Oncol 37:2769-2777. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Clinical trials for children with favorable histology
Wilms tumor (FHWT) have used age, stage, and
histology to tailor therapy according to risk of relapse,
with the goal to optimize survival outcomes while
minimizing toxicity.1 On the basis of this approach,
event-free survival (EFS) and overall survival (OS) for
children with FHWT have dramatically improved.2

Given previous extensive study of clinical parame-
ters, additional advancement in outcomes on the
basis of risk stratification is likely to involve molecular
biologic prognostic markers.

Loss of heterozygosity (LOH) for polymorphic DNA
markers seen on chromosomes 1p and 16q was
suggested as a prognostic biomarker for Wilms tumor in
several retrospective studies.3-5 National Wilms Tumor
Study 5 (NWTS-5) prospectively evaluated LOH as
a prognostic marker in more than 1,700 patients with
FHWT. Results showed that LOH at either 1p or 16q
was a predictor of increased relapse or death.6 The
greatest effect was seen in patients with combined LOH
of 1p and 16q (LOH1p/16q), found in approximately
6% of patients. For patients with stage I/II disease
treated with regimen EE4A (vincristine [VCR] and
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dactinomycin [DACT]), 4-year relapse-free survival with and
without LOH1p/16q was 71.9% and 91.2%, respectively
(P = .001). For patients with stage III/IV disease treated with
regimen DD4A (VCR, DACT, and doxorubicin [DOX]) and
radiation therapy (RT), 4-year relapse-free survival with and
without LOH1p/16q was 65.9% and 83%, respectively
(P = .01). There was no association with the presence or
absence of LOH1p/16q and the location of relapse; thus,
augmentation with systemic therapy rather than local RT was
considered an appropriate intensification strategy.

The AREN0532 and AREN0533 studies assessed whether
augmentation of chemotherapy would improve EFS for
patients with FHWT with LOH1p/16q. We report that pro-
spectively augmenting therapy on the basis of this bio-
marker improved outcome.

METHODS

Patients

All patients were initially enrolled in the Children’s Oncology
Group (COG) Biology and Classification Study AREN03B2.
Real-time central review of pathology slides, chest com-
puted tomography (CT) scans, and surgical reports were
performed to confirm eligibility for the AREN0532 and
AREN0533 therapeutic studies. All eligible patients were
required to have newly diagnosed FHWT and to be younger
than 30 years of age at diagnosis. Local staging criteria were
as previously described for NWTS-5, except that patients
previously designated as having stage II disease who un-
derwent percutaneous needle biopsy before nephrectomy
or had intraoperative tumor spillage were considered to
have stage III disease. In addition, round, noncalcified lung
nodules not in a fissure and visible on chest CT were
considered stage IV, regardless of size, unless histologically
proven not to be Wilms tumor.6,7 In NWTS-5, small lung
nodules visible on CT scan but not on chest x-ray were
staged according to preference of the local treating phy-
sician. Patients with stage I and II disease were enrolled in
the AREN0532 study. Note that approximately 1 year after
the study opened (October 2007), stage I and II FHWT
without LOH1p/16q were no longer eligible to enroll in
AREN0532. Patients with stage III FHWT were initially
enrolled and treated in AREN0532 with regimen DD4A.
They were eligible to be enrolled in AREN0533 no later than
week 4 of induction therapy if LOH1p/16q was identified.
All patients with stage IV disease were enrolled in study
AREN0533. Patients with bilateral disease were not eligible.
Adequate liver and cardiac function was required. No prior
chemotherapy or RT was allowed except for patients with
LOH1p/16q enrolling from AREN03B2 (stage I and II) and
AREN0532 (stage III) or for those treated for emergent
issues, as medically indicated.

Biologic specimens were obtained from the initial ne-
phrectomy specimen or tumor biopsy, snap frozen, and
shipped to the COG Biopathology Center, where testing of

a single sample for tumor-specific LOH1p/16q was per-
formed. Testing was conducted as previously described or
by capillary electrophoresis of fluorescently detected short
tandem repeat markers.6,8,9 Paraffin-fixed tissue could be
used if fresh frozen was not available.

Before patient enrollment, research ethics board ap-
proval of both the AREN0532 and AREN0533 studies
was obtained for all centers. Approval was obtained ei-
ther through the National Institutes of Health Pediatric
Central institutional review board or through local in-
stitutional review boards. Consent was obtained from
parents or legal guardians of the patients. Age-appropriate
consent or assent was obtained. This study was monitored
by an independent Data Safety Monitoring Board.

Treatment

Chemotherapy. All patients were treated based on an initial
risk assignment and received standard, stage-dependent
chemotherapy initiated within 14 days of primary ne-
phrectomy or biopsy: patients with stage I and II disease
received regimen EE4A, and patients with stage III and IV
disease received regimen DD4A. On the basis of LOH
testing, final risk assignments were issued within 3 weeks of
initiation of treatment. Patients with stage I or II Wilms tumor
(WT) with LOH1p/16q began regimen DD4A at week 4, for
a total of 24 weeks of chemotherapy (cumulative DOX dose,
150 mg/m2; Fig 1; Table 1). Patients with stage III or IV WT
with LOH1p/16q began regimenM at week 6 or on recovery
from delayed nephrectomy. RegimenMwas an augmented
protocol including four cycles of cyclophosphamide and
etoposide in addition to VCR, DACT, and DOX, for a total of
31 weeks (cumulative DOX dose, 195 mg/m2; cumulative
cyclophosphamide dose, 8.8 g/m2; cumulative etoposide
dose, 2000 mg/m2; Fig 1; Table 1).

Radiation therapy. All patients underwent abdominal local
tumor staging. Patients with stage I and II disease did not
receive RT. For local stage III tumors, 10.8 Gy flank RT
was used, with a boost of 10.8 Gy only for patients with
gross residual disease after surgery. Abdominal RT was
delivered concurrently with induction chemotherapy for
those with upfront nephrectomy or delayed until eventual
nephrectomy at week 6 or 12. Patients with preoperative
tumor rupture, large intraoperative spill outside the tumor
bed, or diffuse peritoneal implants were treated with
whole-abdomen irradiation to a dose of 10.5 Gy. Patients
with stage IV disease with lung nodules received whole-
lung RT to a dose of 12 Gy in 1.5 Gy fractions (reduced
to 10.5 Gy for patients younger than 12 months old).
Pulmonary RT was delivered regardless of pulmonary
metastatic lesion response at week 6, because patients
with LOH1p/16q were not eligible for omission of pul-
monary RT by protocol. Flank, whole-abdomen, whole-
lung, and extrapulmonary metastasis RT fields were
designed to be administered in a manner similar to pre-
vious NWTS protocols.10,11
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Surgery. Radical nephrectomy with lymph node sam-
pling was recommended according to previously re-
ported guidelines.12 For tumors deemed by the treating
institution to be unresectable at diagnosis, a minimum
of a needle biopsy was required for initial histologic
assessment, and delayed nephrectomy was performed
after week 6 or week 12 on the basis of response to
treatment.

Statistics

EFS was defined as the time from study enrollment to
disease progression, disease recurrence, second malig-
nant neoplasm, or death as a result of any cause, whichever
occurred first. OS was defined as the time from study
enrollment to death as result of any cause. EFS and OS
were censored at the patient’s last contact date. EFS and
OS rates were estimated using the Kaplan-Meier method,
with CIs estimated by the Peto-Peto method,13 and were
compared between groups using the log-rank test. Patient
follow-up was current through the September 30, 2017
data freeze.

RESULTS

LOH1p/16q was detected in 49 of 1,147 evaluable patients
(4.27%) with stage I/II disease enrolled in AREN03B2, 32
of whom enrolled in AREN0532 between October 2006
and October 2013. LOH1p/16q was detected in 82 of
1,364 (6.01%) evaluable patients with stage III/IV disease
enrolled in AREN03B2, 51 of whom enrolled in AREN0533
between February 2007 andMay 2013 (Fig 2). LOH1p/16q
for each stage is listed in Table 2. Patient demographics are
listed in Table 3. Median follow-up for 83 eligible patients
enrolled in AREN0532/0533 was 5.73 years (range, 2.84 to
9.63 years; Table 4).

Patient Outcomes

At the data cutoff in September 2017, for 32 patients with
stage I/II disease with LOH1p/16q who were treated with
regimen DD4A, the number of events was four observed
versus nine expected (on the basis of a 75% EFS for stage
I/II with LOH1p/16q). Four-year EFS and OS estimates were
87.3% (95% CI, 75.1% to 99.5%) and 100%, respectively.
Outcomes by individual stage are listed in Appendix Table
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FIG 1. Treatment protocols used in the AREN0532 and AREN0533 studies. Regimen DD4A: vincristine,
dactinomycin, and doxorubicin with no radiation therapy (RT); regimen M: vincristine, dactinomycin, and
doxorubicin alternating with cyclophosphamide and etoposide with RT. A: dactinomycin 0.023mg/kg/dose IV3 1
for infants , 1 year; 0.045 mg/kg/dose IV 3 1 for children $ 1 year (maximum dose: 2.3 mg). C: cyclo-
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year. D: doxorubicin 1.5 mg/kg/dose IV3 1 for infants, 1 year; 45 mg/m2/dose IV3 1 for children$ 1 year. D*:
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a 10.8 Gy boost for gross residual disease after surgery. Patients with preoperative tumor rupture, cytology-positive
ascites, or diffuse peritoneal seeding were treated with whole-abdomen RT to a dose of 10.5 Gy. Patients with lung
metastases received whole lung RT to a dose of 12 Gy in 1.5 Gy fractions (reduced to 10.5 Gy for patients
, 12 months old). FHWT, favorable histology Wilms tumor; NWTS-5, National Wilms Tumor Study 5.
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A1 (online only). All four events were relapse or disease
progression and occurred in patients with stage II disease.
The sites of relapse were the lung (3), liver (1), and ab-
domen not including liver (1). The time to relapse from
study entry was 0.6, 1.1, 1.3, and 3 years.

For 51 patients with stage III/IV disease with LOH1p/16q
treated with regimen M and radiation to the lungs/flank/
whole abdomen per study guidelines, six events were
observed versus 18 expected (on the basis of a 65% EFS for
stage III/IV with LOH), resulting in 4-year EFS and OS
estimates of 90.2% (95% CI, 81.8% to 98.6%) and 96.1%
(95% CI, 90.5% to 100%), respectively. Outcomes by
individual stage are listed in Appendix Table A1. Four
events were relapse or progression, and two patients had
a second malignancy (anaplastic ependymoma of brain,
T-cell lymphoma). The sites of relapse were the lung (2),
liver (1), original tumor bed (1), left pleural cavity (1), and
lymph nodes (1). The time to relapse from study entry was
0.8, 1.4, 2.6, and 4.7 years.

We assessed outcomes for patients with LOH at either 1p or
16q, although such patients did not automatically receive
augmented therapy. Patients with stage I/II disease with

LOH at either locus were not treated in the AREN0532
study after October 2007; therefore, reliable treatment and
outcome data were not available. The outcomes of patients
with stage III disease with LOH at either locus were pre-
viously reported.9 For patients with stage IV disease with
complete lung nodule response (treated with regimen
DD4A without lung RT), 4-year EFS estimates were 75.0%
(95%CI, 49.0% to 100.0%) for LOH 1p alone, 66.7% (95%
CI, 45.7% to 87.6%) for LOH 16q alone, and 83.4% (95%
CI, 74.2% to 92.7%) for LOH at neither locus (P = 0.14;
Appendix Fig A1, online only). For patients with stage IV
disease with incomplete lung nodule response (treated with
regimenM and lung RT), 4-year EFS estimates were 90.0%
(95%CI, 68.9% to 100.0%) for LOH 1p alone, 75.0% (95%
CI, 53.8% to 96.2%) for LOH 16q alone, and 92.4% (95%
CI, 85.9% to 98.9%) for LOH at neither locus (P = .054;
Appendix Fig A1). We also assessed for interactive effects
on outcome between LOH and local lymph node in-
volvement. In the context of the treatment regimens used in
this study, patients with both LOH and lymph node in-
volvement did not seem to have inferior outcomes com-
pared with patients with none or just one of these features
(Appendix Table A1).

TABLE 1. Stage-Specific Augmentation of Therapy
Stage Standard Therapy NWTS-5 Augmented Therapy AREN0532/AREN0533

I/II, 32 patients with LOH1p/16q Regimen EE4A (VCR, DACT) Regimen DD4A (VCR, DACT, DOX)

III/IV, 51 patients with LOH1p/16q Regimen DD4A (VCR, DACT, DOX) Regimen M (VCR, DACT, DOX plus 4 cycles of CYCLO plus ETOP)

Abbreviations: CYCLO, cyclophosphamide; DACT, dactinomycin; DD4A, vincristine, dactinomycin, and doxorubicin with no radiation therapy; DOX,
doxorubicin; EE4A, vincristine and dactinomycin; ETOP, etoposide; LOH1p/16, combined loss of heterozygosity of chromosomes 1p and 16q; NWTS-5,
National Wilms Tumor Study 5; VCR, vincristine.
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FIG 2. Consort diagram of patients with combined loss of heterozygosity of chromosomes 1p and 16q (LOH1p/16q).
FHWT, favorable histology Wilms tumor; LOH, loss of heterozygosity; NWTS-5, National Wilms Tumor Study 5;
regimen DD4A, vincristine, dactinomycin, and doxorubicin with no radiation therapy; regimen EE4A, vincristine and
dactinomycin; regimen M: vincristine, dactinomycin, and doxorubicin alternating with cyclophosphamide and
etoposide with radiation therapy.
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Comparison With NWTS-5

We compared EFS and OS for the same combined stage
groups of patients with LOH1p/16q in AREN0532/
AREN0533 and NWTS-5 (Table 4). This comparison was
based on the updated September 2017 data freeze analysis
for the COG and NWTS-5 studies. For patients with stage I/II
disease with LOH1p/16q, 4-year EFS estimates were
68.8% (95% CI, 55.2% to 82.3%) for NWTS-5 and 87.3%
(95% CI, 75.1% to 99.5%) for AREN0532 (P = .042;
Fig 3A). Four-year OS estimates for patients with stage I/II
disease were 91.6% (95% CI, 83.6% to 99.6%) for
NWTS-5 and 100% for AREN0532 (P = .096; Fig 3B). For
patients with stage III/IV disease with LOH1p/16q, 4-year
EFS estimates were 61.3% (95% CI, 44.9% to 77.6%) for

NWTS-5 and 90.2% (95% CI, 81.7% to 98.6%) for
AREN0533 (P = .001, Fig 4A). Four-year OS estimates
for stage III/IV were 86.0% (95% CI, 74.5% to 97.5%) for
NWTS-5 and 96.1% (95% CI, 90.5% to 100%) for
AREN0533 (P = .087; Fig 4B).

We conducted additional analyses to control for potential
effects of differences in staging definitions between
NWTS-5 and AREN0532/0533. In AREN0532/0533, per-
cutaneous needle biopsy and intraoperative spill confined
to the flank were considered as criteria to upstage to stage
III, whereas in NWTS-5, patients with these factors were
considered to have stage II unless other factors warranting
stage III designation were present. Only six of 31 patients in
AREN0532/0533 underwent biopsies, five of which were
open (inferior vena cava thrombus [4], tumor too large for
resection [1]) and would have been considered stage III in
NWTS-5. Twelve of 31 patients had intraoperative spill, 11
of whom had other reasons to be classified as stage III.
Hence, only two patients with stage III disease would have
been considered stage II in NWTS-5. When these two
patients were excluded from the outcome analysis, the
improved outcome in our study persisted (Table 4). Con-
versely, we performed an analysis excluding three patients
with stage II in NWTS-5 with documented spill, and the
improved outcome for the AREN0532 patients prevailed
(Table 4).

The definition of stage IV disease also changed between
NWTS-5 and the COG studies. To ensure that the excellent
outcomes in patients with stage IV and LOH1p/16q were
not due to preferential inclusion of patients with tiny lung
nodules, we compared outcomes according to lung nodule
size. Among 20 patients with stage IV disease and LOH1p/
16q, EFS and OS estimates were similarly excellent be-
tween patients with a greatest lung nodule diameter of 1 cm
or more versus less than 1 cm (Appendix Fig A2, online
only). We also assessed how many NWTS-5 patients with
stage I/II disease had nodules visible only on chest CT scan
but not on chest x-ray to evaluate whether there were
a significant number of low-stage patients who would have
been considered to have stage IV disease in this study. Only
three patients had CT-only nodules identified.

Toxicity and Adverse Events

For all patients with LOH1p/16q treated in either
AREN0532 or AREN0533, no events were reported
through the Adverse Event Expedited Reporting System;
there were no unexpected toxicities and no deaths while
receiving treatment (Appendix Table A2, online only). All
reported grade III or higher toxicities occurred in patients
receiving regimen M, the most common of which were
febrile neutropenia (39.2%) and infections (21.6%). Note
that the AREN0532 study only required reporting of grade
IV and V toxicity for patients receiving regimen DD4A. The
rate of individual nonhematologic grade III to V toxicities in
regimen M was low (Appendix Table A3, online only). One

TABLE 2. LOH1p/16q Positivity by Stage in All Patients Enrolled in
AREN03B2 Between October 2006 and October 2013
Stage Positivity for LOH1p/16q, No. (%) Total Evaluable, No.

I 16 (3.00) 534

II 33 (5.38) 613

III 58 (6.86) 845

IV 24 (4.62) 519

Abbreviation: LOH1p/16, combined loss of heterozygosity of
chromosomes 1p and 16q.

TABLE 3. Demographics of Patients With LOH1p/16q Enrolled in
AREN0532 and AREN0533

Characteristic
AREN0532/
AREN0533 NWTS-5

Sex

Male 37 (44.58) 31 (36.47)

Female 46 (55.42) 54 (63.53)

Race

White 56 (67.47) 60 (70.59)

Black 16 (19.28) 15 (17.65)

Others 0 (0) 10 (11.76)

Unknown 11 (13.25) 0 (0)

Ethnicity

Hispanic or Latino 11 (13.25) 8 (9.41)

Not Hispanic or Latino 65 (78.31) 46 (54.12)

Unknown 7 (8.43) 31 (36.47)

Stage*

I 8 (9.6) 15 (17.6)

II 24 (28.9) 33 (38.8)

III 31 (37.3) 32 (37.6)

IV 20 (24.1) 5 (5.9)

NOTE. Data are No. (%).
Abbreviations: LOH1p/16q, combined loss of heterozygosity of

chromosomes 1p and 16q; NWTS-5, National Wilms Tumor Study 5.
*P value of .006 from the x2 test.
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patient receiving regimen M developed nonfatal sinusoidal
obstructive syndrome.

DISCUSSION

The therapy augmentation strategies used in AREN0532
and AREN0533 resulted in EFS estimates that were su-
perior to outcomes in NWTS-5 for patients with FHWT with

LOH1p/16q. These improved outcomes were achieved for
patients with stage I/II disease treated with regimen DD4A
and for patients with stage III/IV disease treated with reg-
imen M. A strong trend to improved OS was also observed.
A limitation of LOH1p/16q as a significant prognostic
marker is that it was found in only 6% of patients with FHWT
enrolled in NWTS-5, a finding confirmed in our studies.

TABLE 4. Comparison of EFS and OS Outcomes of Patients With LOH1p/16q

Study Stage No.

No. of First Events

4-year EFS (%) No. of Deaths 4-year OS (%)
Median Follow-Up,
Years (Range)Relapse/Progression SMN Death

AREN0532/ AREN0533 All 83 8 2 0 89.1 3 97.6 5.73 (2.84-9.63)

NWTS-5 85 30 1 0 65.6 11 89.2 11.69 (0.54-18.67)

AREN0532 I/II 32 4* 0 0 87.3 0 100 6.42 (2.84-9.63)

NWTS-5 48 16 0 0 68.8 4 91.6 12.51 (2.23-18.67)

NWTS-5† 45 15 0 0 68.9 91.1

AREN0533 III/IV 51 4‡ 2§ 0 90.2 3 96.1 5.44 (2.91-9.11)

AREN0533k 49 4 2 0 89.8 95.9

NWTS-5 37 14 1 0 61.3 7 86.0 11.29 (0.54-17.93)

Abbreviations: EFS, event-free survival; LOH1p/16q, combined loss of heterozygosity of chromosomes 1p and 16q; NWTS-5, National Wilms
Tumor Study 5; OS, overall survival; SMN, second malignant neoplasm.
*Relapse/progression sites for AREN0532 patients: abdomen (not including liver; 1), liver (1), lung (3).
†Excluding three patients who would have been upstaged because of spill in AREN0532/0533.
‡Relapse/progression sites for AREN0533 patients: liver (1), lung (2), original tumor bed (1), left pleural cavity (1), lymph nodes (1).
§The patient died as a result of an SMN (T-cell lymphoma).
kExcluding two patients upstaged because of intraoperative spill or needle biopsy.
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FIG 3. (A) Event-free survival for patients with stage I/II disease with combined loss of heterozygosity of chromosomes 1p and 16q treated in AREN0532
compared with National Wilms Tumor Study 5 (NWTS-5). (B) Overall survival for patients with stage I/II disease with combined loss of heterozygosity of
chromosomes 1p and 16q treated in AREN0532 compared with NWTS-5.
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Recent reports have identified that 1q gain, which is
present in a much higher percentage of patients with
FHWT (range, 14% to 39% by stage),14 is also a valuable
adverse prognostic marker, particularly among those with
advanced-stage disease.14-16 Analyses of the AREN0533
data suggest that regimen M is able to overcome the
adverse prognostic effect of 1q gain in patients with stage
IV FHWT with isolated pulmonary metastases.17 Similarly,
patients with 1q gain are not good candidates for omis-
sion of lung RT in the setting of complete remission of
lung nodules from initial chemotherapy.17 It should be
noted that of 17 patients with stage IV disease with
LOH1p/16q and 1q gain data, 15 were also found to have
1q gain. Given the considerable overlap, the role of each
as an independent prognostic marker will be hard to
discern. Additional prospective studies are planned using
1q gain as a stratification marker to examine the efficacy
of novel therapeutic approaches using these biomarkers.
Finally, intratumor genetic heterogeneity in WT is well
described18 and may have affected detection of LOH in
some patients.

There are a number of caveats to our conclusions. Of
importance, this objective was not the primary statistical
driver of AREN0532 and AREN0533. Neither study was
statistically powered to assess differences in outcomes with
augmented therapy for patients with LOH1p/16q because it
was understood during study design that the anticipated
low frequency of LOH1p/16q precluded a high level of

power to detect these differences. Despite this, differences
in the EFS were significant for patients at all stages when
compared with the historical data. There were also im-
provements in the OS, but these did not reach the level
of statistical significance. We acknowledge that potential
pitfalls exist when comparing our study results with his-
torical standards; newer standards of care, including im-
provements in supportive care over time and the potential
for stage migration, can lead to differences resulting in bias.
We have considered possible bias due to changes in
staging between COG and NWTS-5 groups related to
intraoperative spill, preoperative biopsy, and lung nodule
size; yet, there was no suggestion that these factors played
a role in the improved outcomes observed. Finally, although
there were no unexpected acute toxicities in patients
treated with regimen M, this protocol does introduce an
increased risk for late effects, most notably for secondary
leukemia due to cyclophosphamide and etoposide,19,20 and
infertility related to the use of cyclophosphamide, partic-
ularly in boys.21 Recall that this late-effect impact is miti-
gated by the fact that approximately one third of these
patients would have been exposed to at least these doses of
alkylators as part of attempts at salvage post relapse. In our
view, the marked improvement in EFS is sufficient to justify
additional therapy up front. Although our study did not
demonstrate a statistically significant improvement in OS
associated with augmented therapy, the study was not
powered to detect differences in OS, and there was
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FIG 4. (A) Event-free survival for patients with stage III/IV disease with combined loss of heterozygosity of chromosomes 1p and 16q treated in AREN0533
compared with National Wilms Tumor Study 5 (NWTS-5). (B) Overall survival for patients with stage III/IV disease with combined loss of heterozygosity of
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a suggestion of improvement (P = .096 for stage I/II and P =
.087 for stage III/IV). A nuanced discussion with the patient
and/or family is required to explain the potential risks and
benefits of augmented therapy. In our next therapeutic
study we plan to test whether reduction of alkylator ex-
posure in the context of a novel regimen for patients with
advanced-stage disease would maintain the observed
improvement in EFS while reducing the potential for late
effects, especially second malignancy23 and infertility.

In summary, augmentation of therapy for FHWT with
LOH1p/16q was associated with a statistically significant
improvement in EFS. On the basis of these results, the COG
Renal Tumor Committee now recommends LOH testing for
all newly diagnosed FHWT patients. Our study has suc-
cessfully demonstrated a proof of principle that augmen-
tation of treatment can overcome a negative biomarker and
provides strong encouragement in the evaluation of addi-
tional more sensitive and specific markers of outcome.
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FIG A1. (A) Event-free survival for AREN0533 lung metastases only by size of nodule. (B) Overall survival for AREN0533 lung metastases only by
size of nodule.
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FIG A2. (A) and (B) Event-free survival for AREN0533 lung metastases only, treated with DD4A and a complete response after induction, by loss
of heterozygosity (LOH) of 1p and 16q. (C) and (D) Event-free survival for AREN0533 lung metastases only, treated with Regimen M and an
incomplete response after induction, by loss of heterozygosity (LOH) of 1p and 16q.
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TABLE A1. AREN0532/AREN0533 Outcomes by Stage, LOH Status, and Lymph Node Status

Stage Treatment Regimen LOH Status Lymph Node Status No.
4-year

EFS (95% CI)
4-year

OS (95% CI)
Log-rank test
P (EFS, OS)

I DD4A 1p plus 16q — 8 100 100

II DD4A 1p plus 16q — 24 82.9 (66.6 to 99.2) 100

III M 1p plus 16q All 31 87.1 (75.1 to 99.1) 93.6 (84.6 to 100)

Negative 13 84.6 (64.0 to 100) 92.3 (77.2 to 100) .63, .93

Positive 12 91.7 (76.0 to 100) 91.7 (76.0 to 100)

Unknown 6 83.3 (53.5 to 100) 100

IV M 1p plus 16q All 20 95.0 (84.9 to 100) 100

Negative 6 100 100 1, 1

Positive 7 100 100

Unknown 7 85.7 (57.3 to 100) 100

IV, lung nodule
response:
complete

DD4A Neither All 87 83.4 (74.2 to 92.7) 94.4 (88.7 to 100)

Negative 38 89.3 (78.3 to 100) 97.2 (91.2 to 100) .21, .45

Positive 23 78.3 (56.7 to 99.8) 100

Unknown 26 79.1 (60.1 to 98.0) 85.0 (68.3 to 100)

1p or 16q All 37 70.3 (53.9 to 86.7) 100

Negative 8 87.5 (60.4 to 100) 100 .46, 1

Positive 12 75.0 (49.0 to 100) 100

Unknown 17 58.8 (32.7 to 85.0) 100

IV, lung nodule
response:
incomplete

M Neither All 93 92.4 (85.9 to 98.9) 95.7 (90.6 to 100)

Negative 22 86.4 (67.5 to 100) 95.5 (83.9 to 100) .15, .79

Positive 31 96.7 (88.7 to 100) 96.7 (88.7 to 100)

Unknown 40 92.5 (83.3 to 100) 95.0 (87.3 to 100)

1p or 16q All 38 79.0 (62.7 to 95.2) 94.7 (86.0 to 100)

Negative 13 84.6 (61.6 to 100) 92.3 (75.6 to 100) .18, .36

Positive 11 100 100

Unknown 14 57.1 (20.5 to 93.8) 92.9 (75.7 to 100)

Abbreviations: DD4A, vincristine, dactinomycin, and doxorubicin, with no radiation therapy; EFS, event-free survival; IV, intravenous; LOH, loss of
heterozygosity; M, vincristine, dactinomycin, and doxorubicin alternating with cyclophosphamide and etoposide, with radiation therapy; OS, overall survival.

Journal of Clinical Oncology

Wilms Tumor With Loss of Heterozygosity of Chromosomes 1p and 16q



TABLE A2. Reportable Adverse Events in Patients With LOH1p/16q Treated in AREN0532 and AREN0533
Protocol Regimen Event Grade

AREN0533 M (Weeks 7-12) Abdominal infection 3

AREN0533 M (Weeks 7-12) Abdominal pain 3

AREN0533 M (Weeks 7-12) Acidosis 3

AREN0533 M (Weeks 7-12) ALT increased 3

AREN0533 M (Weeks 7-12) Anaphylaxis 3

AREN0533 M (Weeks 7-12) Anemia 3

AREN0533 M (Weeks 7-12) Anorexia 3

AREN0533 M (Weeks 7-12) AST increased 3

AREN0533 M (Weeks 7-12) Catheter-related infection 4

AREN0533 M (Weeks 7-12) Dehydration 3

AREN0533 M (Weeks 7-12) Depression 3

AREN0533 M (Weeks 7-12) Diarrhea 3

AREN0533 M (Weeks 7-12) Ear pain 3

AREN0533 M (Weeks 7-12) Enterocolitis 3

AREN0533 M (Weeks 7-12) Enterocolitis infectious 3

AREN0533 M (Weeks 7-12) Fatigue 3

AREN0533 M (Weeks 7-12) Febrile neutropenia 4

AREN0533 M (Weeks 7-12) Generalized muscle weakness 3

AREN0533 M (Weeks 7-12) g-glutamyltransferase increased 3

AREN0533 M (Weeks 7-12) Hematuria 3

AREN0533 M (Weeks 7-12) Hepatobiliary disorders other, specify 3

AREN0533 M (Weeks 7-12) Hypercalcemia 3

AREN0533 M (Weeks 7-12) Hyperglycemia 3

AREN0533 M (Weeks 7-12) Hyperkalemia 3

AREN0533 M (Weeks 7-12) Hypoalbuminemia 3

AREN0533 M (Weeks 7-12) Hypocalcemia 4

AREN0533 M (Weeks 7-12) Hypokalemia 4

AREN0533 M (Weeks 7-12) Hyponatremia 3

AREN0533 M (Weeks 7-12) Hypophosphatemia 3

AREN0533 M (Weeks 7-12) Hypotension 3

AREN0533 M (Weeks 7-12) Infections and infestations other, specify 4

AREN0533 M (Weeks 7-12) Lung infection 3

AREN0533 M (Weeks 7-12) Middle ear inflammation 3

AREN0533 M (Weeks 7-12) Mucositis oral 3

AREN0533 M (Weeks 7-12) Nausea 3

AREN0533 M (Weeks 7-12) Otitis media 3

AREN0533 M (Weeks 7-12) Pain 3

AREN0533 M (Weeks 7-12) Peripheral motor neuropathy 3

AREN0533 M (Weeks 7-12) Peripheral sensory neuropathy 3

AREN0533 M (Weeks 7-12) Pharyngitis 3

AREN0533 M (Weeks 7-12) Platelet count decreased 4

AREN0533 M (Weeks 7-12) Pneumonitis 3

AREN0533 M (Weeks 7-12) Proteinuria 3

(continued on following page)

© 2019 by American Society of Clinical Oncology Volume 37, Issue 30

Dix et al



TABLE A2. Reportable Adverse Events in Patients With LOH1p/16q Treated in AREN0532 and AREN0533 (continued)
Protocol Regimen Event Grade

AREN0533 M (Weeks 7-12) Sepsis 4

AREN0533 M (Weeks 7-12) Suicidal ideation 3

AREN0533 M (Weeks 7-12) Upper respiratory infection 3

AREN0533 M (Weeks 7-12) Urinary tract infection 3

AREN0533 M (Weeks 7-12) Vomiting 3

AREN0533 M (Weeks 7-12) Weight loss 3

NOTE. Reportable adverse events are grade 4 and higher nonhematologic events for regimen DD4A (vincristine, dactinomycin, and
doxorubicin, with no radiation therapy) and grade 3 and higher nonhematologic events for regimenM (vincristine, dactinomycin, and doxorubicin
alternating with cyclophosphamide and etoposide, with radiation therapy).

Abbreviations: LOH, loss of heterozygosity; LOH1p/16q, combined loss of heterozygosity of chromosomes 1p and 16q.
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TABLE A3. Reportable Toxicities During Treatment With Regimen DD4A and Regimen M

Category Toxicity

DD4A (n = 32)
Grade 4 and Higher
Nonhematologic

Events

Regimen M (n = 51)
Grade 3 and Higher

Nonhematologic Events

No. Percent No. Percent

Blood and lymphatic system
disorders

Febrile neutropenia 0 0.0 20.0 39.2

Ear and labyrinth disorders Ear pain 0 0.0 1.0 2.0

Middle ear inflammation 0 0.0 1.0 2.0

GI disorders Abdominal pain 0 0.0 1.0 2.0

Diarrhea 0 0.0 1.0 2.0

Enterocolitis 0 0.0 1.0 2.0

Mucositis oral 0 0.0 2.0 3.9

Nausea 0 0.0 2.0 3.9

Vomiting 0 0.0 3.0 5.9

General disorders and
administration site conditions

Fatigue 0 0.0 1.0 2.0

Pain 0 0.0 1.0 2.0

Hepatobiliary disorders Hepatobiliary disorders other, specify 0 0.0 1.0 2.0

Immune system disorders Anaphylaxis 0 0.0 1.0 2.0

Infections and infestations Abdominal infection 0 0.0 1.0 2.0

Catheter-related infection 0 0.0 1.0 2.0

Enterocolitis infectious 0 0.0 1.0 2.0

Infections and infestations Other, specify 0 0.0 11.0 21.6

Lung infection 0 0.0 2.0 3.9

Otitis media 0 0.0 2.0 3.9

Pharyngitis 0 0.0 1.0 2.0

Sepsis 0 0.0 1.0 2.0

Upper respiratory infection 0 0.0 2.0 3.9

Urinary tract infection 0 0.0 2.0 3.9

Investigations ALT increased 0 0.0 3 5.9

AST increased 0 0.0 2 3.9

g-glutamyltransferase increased 0 0.0 1 2.0

Weight loss 0 0.0 2 3.9

Metabolism and nutrition
disorders

Acidosis 0 0.0 2 3.9

Anorexia 0 0.0 5 9.8

Dehydration 0 0.0 3 5.9

Hypercalcemia 0 0.0 1 2.0

Hyperglycemia 0 0.0 3 5.9

Hyperkalemia 0 0.0 1 2.0

Hypoalbuminemia 0 0.0 1 2.0

Hypocalcemia 0 0.0 3 5.9

Hypokalemia 0 0.0 6 11.8

Hyponatremia 0 0.0 1 2.0

Hypophosphatemia 0 0.0 2 3.9

(continued on following page)
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TABLE A3. Reportable Toxicities During Treatment With Regimen DD4A and Regimen M (continued)

Category Toxicity

DD4A (n = 32)
Grade 4 and Higher
Nonhematologic

Events

Regimen M (n = 51)
Grade 3 and Higher

Nonhematologic Events

No. Percent No. Percent

Musculoskeletal and connective
tissue disorders

Generalized muscle weakness 0 0.0 1 2.0

Nervous system disorders Peripheral motor neuropathy 0 0.0 3 5.9

Peripheral sensory neuropathy 0 0.0 1 2.0

Psychiatric disorders Depression 0 0.0 1 2.0

Suicidal ideation 0 0.0 1 2.0

Renal and urinary disorders Hematuria 0 0.0 1 2.0

Proteinuria 0 0.0 1 2.0

Respiratory, thoracic and
mediastinal disorders

Pneumonitis 0 0.0 1 2.0

Vascular disorders Hypotension 0 0.0 2 3.9

NOTE. Reportable adverse events are grade 4 and higher nonhematologic events for regimen DD4A (vincristine, dactinomycin, and doxorubicin, with no
radiation therapy), and grade 3 and higher nonhematologic events for regimen M (vincristine, dactinomycin, and doxorubicin alternating with
cyclophosphamide and etoposide, with radiation therapy). The highest grade was considered for patients experiencing multiple bouts of the same event.

Journal of Clinical Oncology

Wilms Tumor With Loss of Heterozygosity of Chromosomes 1p and 16q


	Augmentation of Therapy for Combined Loss of Heterozygosity 1p and 16q in Favorable Histology Wilms Tumor: A Children’s Onc ...
	INTRODUCTION
	METHODS
	Patients
	Treatment
	Chemotherapy.
	Radiation therapy.
	Surgery.

	Statistics

	RESULTS
	Patient Outcomes
	Comparison With NWTS
	Toxicity and Adverse Events

	DISCUSSION
	REFERENCES
	APPENDIX
	APPENDIX




