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A Prospective Study of Pediatric and Adolescent Renal Cell
Carcinoma: A Report From the Children’s Oncology Group
ARENO0321 Study
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BACKGROUND: To the authors’ knowledge, ARENO321 is the first prospective clinical study of pediatric and adolescent renal cell
carcinoma (RCC). Goals of the study included establishing epidemiological, treatment, and outcome data and confirming that pa-
tients with completely resected pediatric RCC, including lymph node-positive disease (N1), have a favorable prognosis without adjuvant
therapy. METHODS: From 2006 to 2012, patients aged <30 years with centrally reviewed pathology of RCC were enrolled prospectively.
RESULTS: A total of 68 patients were enrolled (39 of whom were male; median age of 13 years [range, 0.17-22.1 years]). Stage was clas-
sified according to the American Joint Committee on Cancer TNM stage seventh edition as stage | in 26 patients, stage Il in 7 patients,
stage Il in 26 patients, and stage IV in 8 patients, and was not available in 1 patient. Sixty patients underwent resection of all known sites
of disease, including 2 patients with stage IV disease. Surgery included radical nephrectomy (53 patients [81.5%]), partial nephrectomy
(12 patients [18.5%]), and unknown (3 patients [4.4%]). Histology was TFE-associated RCC (translocation-type RCC; tRCC) in 40 pa-
tients, RCC not otherwise specified and/or other in 13 patients, papillary RCC in 9 patients, and renal medullary carcinoma (RMC) in 6
patients. Lymph node status was NO in 21 patients, N1 in 21 patients (tRCC in 15 patients, RMC in 3 patients, papillary RCC in 2 patients,
and not otherwise specified and/or other in 1 patient), and Nx in 26 patients. The 4-year event-free survival and overall survival rates
were 80.2% (95% Cl, 69.6%-90.9%) and 84.8% (95% Cl, 75.2%-94.5%), respectively, overall and 87.5% (95% ClI, 68.3%-100%) and 87.1%
(95% Cl, 67.6%-100%), respectively, for the 16 patients with NIMO disease. Among patients presenting with metastases, 2 of 8 patients (2
of 5 patients with RMC) were alive (1 with disease) at the time of last follow-up, including 1 patient who was lost to follow-up (succinate
dehydrogenase deficiency). The predominant RCC subtypes associated with mortality were tRCC and RMC. CONCLUSIONS: Favorable
short-term outcomes can be achieved without adjuvant therapy in children and adolescents with completely resected RCC, independent
of lymph node status. A prospective study of patients with tRCC and RMC with M1 or recurrent disease is needed to optimize treatment.
Cancer 2020;126:5156-5164. © 2020 American Cancer Society.
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INTRODUCTION

Renal cell carcinoma (RCC) is the second most common solid renal malignancy in pediatric and adolescent patients,
accounting for 2% to 6% of primary renal tumors diagnosed in this population.”” Compared with other pediatric
renal tumors, our knowledge of RCC is limited, and treatment recommendations are based on small retrospective
case series and reports'” or have been taken from guidelines for “adult” RCC. However, recently published work
has clearly demonstrated that pediatric RCC is biologically and clinically distinct from most adult RCC cases. For
example, pediatric RCC is most commonly translocation-type RCC (tRCC), often harboring chromosomal translo-
cations involving the TFE3 gene at Xp11.2, rather than the clear cell RCC typically diagnosed in adules.”* A second

Corresponding Author: James I. Geller, MD, Division of Pediatric Oncology, Cincinnati Children’s Hospital Medical Center, University of Cincinnati, 3333 Burnett Ave,
Cincinnati, Ohio, 45229 (James.Geller@cchmc.org).

'Division of Pediatric Oncology, Cincinnati Children’s Hospital Medical Center, University of Cincinnati, Cincinnati, Ohio; *Division of Urology, Department of
Surgery, University of Colorado School of Medicine, the Children’s Hospital Colorado, Aurora, Colorado; 3Department of Biostatistics, Children’s Oncology Group Statistics
and Data Center, University of Florida, Gainesville, Florida; *Department of Pathology, Anne and Robert H. Lurie Children’s Hospital, University of Michigan School
of Medicine, Ann Arbor, Michigan; *Department of Pathology, Ann and Robert H. Lurie Children’s Hospital of Chicago, Northwestern University Feinberg School of
Medicine, Chicago, lllinois; ®Biostatistics and Research Decision Sciences, Merck Research Laboratories, Merck & Company Inc, Rahway, New Jersey; ’Department of
Pediatric Oncology, Dana-Farber Cancer Institute/Boston Children’s Hospital, Boston, Massachusetts; ®Division of Pediatric Surgery, Steven and Alexandra Cohen Medical
Center of New York, New York, New York; *Mallinckrodt Institute of Radiology, Washington University School of Medicine in St. Louis, St. Louis, Missouri; '°Department
of Pediatrics, The University of Texas MD Anderson Cancer Center, Houston, Texas; ''Section of Pediatric Surgery, Department of Surgery, C.S. Mott Children’s
Hospital, University of Michigan School of Medicine, Ann Arbor, Michigan; '?Division of Pediatric Oncology, IWK Health Centre, Dalhousie University, Halifax, Nova Scotia,
Canada; "*Division of Pediatric Oncology, Children’s National Hospital, George Washington University School of Medicine and Health Sciences, Washington, DC

Additional supporting information may be found in the online version of this article.

DOI: 10.1002/cncr.33173, Received: May 18, 2020; Revised: July 6, 2020; Accepted: July 17, 2020, Published online September 14, 2020 in Wiley Online Library
(wileyonlinelibrary.com)

5156 Cancer  December 1, 2020


mailto:﻿
https://orcid.org/0000-0001-5181-116X
https://orcid.org/0000-0002-5785-3704
https://orcid.org/0000-0001-6161-1815
mailto:James.Geller@cchmc.org

Characterization of Pediatric and Adolescent RCC/Geller et al

distinguishing feature of pediatric RCC relates to a
higher incidence of regional lymph node (LN) involve-
ment, with an apparently more favorable prognosis
when such LN disease is completely resected compared
with adult RCC."*” Broad applicability of any insights
reported to date has been limited by the small size of
reports and the lack of expert centralized pathology
review. The importance of such review has been rein-
forced by a recent report noting a higher prevalence of
tRCC than previously was recognized with expert histo-
logic reclassification.® To our knowledge to date, there
have been no prospective cooperative clinical trials for
pediatric RCC.

The Children’s Oncology Group (COG)
ARENO0321 study was designed to investigate the man-
agement of patients with high-risk renal tumors (ana-
plastic Wilms tumor, clear cell sarcoma of the kidney,
rhabdoid tumor, and RCC). For patients with RCC,
the study objectives were: 1) to confirm that patients
with completely resected RCC, including those with
LN-positive disease, have a favorable prognosis without
receipt of adjuvant therapy; 2) to describe the response
rate, event-free survival (EES), and overall survival (OS)
of patients with unresectable or distantly metastatic
RCC when treated according to institutional prefer-
ence; and 3) to correlate histologic and molecular cyto-
genetic findings with oncologic outcomes.

MATERIALS AND METHODS

Study Population

The COG AREN0321 study (Combination Chemotherapy,
Radiation Therapy, and/or Surgery in Treating Patients With
High-Risk Kidney Tumors; ClinicalTrials.gov identifier
00335556) of high-risk pediatric kidney tumors included a
specific arm for RCC. All patients first were required to enroll
on the Renal Tumors Classification, Biology, and Banking
Study (ARENO03B2) before enrollment on AREN0321.°
Data collected regarding patients with RCC included his-
tology, radiological features, stage of disease, presence of
metastasis, age at the time of diagnosis, and surgical treat-
ment details as well as other treatments and outcomes. All
participants were consented at participating institutions that
had AREN03B2 and AREN0321 approved by their local
institutional review board or relevant research ethics board if
in a jurisdiction without National Cancer Institute Central
Institutional Review Board oversight. Data were collected
regarding any patient aged <30 years with confirmation of
RCC on central pathologic review. Central review also in-
cluded diagnostic imaging and surgery reports.
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Study Design

Data extracted included age, sex, race, stage according to
the American Joint Committee on Cancer TNM stage
seventh edition (see Supporting Information Table 1),
histologic category, radiographic imaging findings, initial
surgical approach, the presence or absence of surgical LN
sampling, and clinical outcomes.

Pathology Review

A full set of hematoxylin-and-cosin—stained slides was
submitted by the institution for review. The tumors
were classified based on histology, complemented by
any available immunohistochemistry performed by the
submitting institution or as part of the central pathol-
ogy review, and molecular data when available, as previ-

ously published.6

Radiological Methods

Central review was mandatory for required chest and
abdominal cross-sectional imaging to determine the
status of pulmonary metastases and synchronous renal
tumors.® For the purposes of the current study, addi-
tional central review included all cross-sectional ab-
dominal imaging to determine the presence of enlarged
(>1 cm in short axis) retroperitoneal LNs and distant
metastasis.

Surgical Method's
Surgical reports were available for central review for all
cases. Nephron-sparing surgery was assigned for cases ap-
proached as partial nephrectomy or tumor enucleation,
whereas radical nephrectomy was assigned when the af-
fected kidney was completely removed. The presence or
absence of surgical LN sampling was determined by the
presence or absence of lymphatic tissue submitted, re-
viewed by both the treating institutional pathologist and
central review pathologist, and correlated with surgical
notes indicating the surgeon’s attempt (or lack thereof)
to sample LNs.

For those patients with unresectable or metastatic
disease, medical therapy was not dictated by protocol but
captured when available.

Statistical Analysis

ARENO0321 was opened for enrollment on June 19,
2006, and permanently closed on November 27, 2013.
The Kaplan-Meier method was used to estimate the
EFS (time from study entry to disease recurrence and/
or progression, secondary malignancy, or death, which-
ever occurred first) and OS (time from study entry to
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death from any cause), with follow-up current as of
March 31, 2018. Differences between survival curves
were analyzed using the log-rank test. Categorical data
were compared between the groups using the Fisher
exact test. R and SAS statistical software were used for
the analysis.

RESULTS

Patient Characteristics

During the enrollment period, there were 158 patients
enrolled onto the ARENO03B2 study with centrally re-
viewed pathology confirmation of RCC, 68 of whom
were enrolled onto ARENO0321. The decision to enroll
on AREN0321 was made at the discretion of the treating
institution; reasons for nonenrolment onto AREN0321
were not available. Demographic features of the 68 en-
rolled patients are described in Table 1.

Histology

Histological evaluation of RCC demonstrated that TFE3
or TFEB tRCC was most common (40 patients; 58.8%),
followed by papillary RCC (9 patients; 13.2%) and renal
medullary carcinoma (6 patients; 8.8%). There were 13
patients (19.1%) who were classified for outcomes as hav-
ing “other” histology; these included 5 patients (7.4%)
with clear cell histology, 3 patients (4.4%) with chro-
mophobe histology, 3 patients (4.4%) with disease not
otherwise specified, 1 patient (1.5%) who was succinate
dehydrogenase deficient, and 1 patient (1.5%) with thy-
roid-like histology. Patients with RMC all were noted to
have sickle cell trait, and 1 patient with clear cell RCC
had multiple endocrine neoplasia type 1.° No enrolled pa-
tients were noted to have von Hippel-Lindau syndrome.
Tumor histology was correlated with T classification, M
classification, and overall stage of disease (Tables 2 and
3). It is interesting to note that approximately 37.5% of
the patients with tRCC had N1 disease and these cases all
were N1MO.

Stage and Surgical Approach

Opverall stage of disease, completeness of surgical resection,
surgical type, and approach are presented in Table 1. It is
interesting to note that approximately one-half of the pa-
tients (50.7%) had stage III or stage IV disease. Most pa-
tients were managed surgically with radical nephrectomy
(81.5%) and an open surgical approach was used in 76.9%
of patients. Completeness of surgical resection and the
surgical type (radical vs partial nephrectomy) were corre-
lated with T classification (2 < .001) (Table 3). The rate of
omitting LN sampling (Nx) was 38.2% and significantly
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TABLE 1. Patient Demographics and Clinical
Characteristics (N = 68)

Characteristic Median (Range) Frequency (%)
Age,y 13.0 (0.2-22.1)
Sex
Male 39 (57.4)
Female 29 (42.6)
Race
White 40 (58.8)
Black 22 (32.3)
Asian 1(1.5)
Native Hawaiian/Pacific 1(1.5)
Islander
Unknown 4 (5.9)
Tumor size (range), cm? 6.0 (0.8-17.0)
T classification
T1 32 (47.1)
T2 8(11.8)
T3 23 (33.8)
T4 1(1.5)
X 4 (5.9
N classification
NO 21 (30.9)
N1 21 (30.9)
NX 26 (38.2)
M classification
MO 60 (88.2)
M1 8(11.8)
AJCC stage of disease®
| 26 (38.8)
Il 7(10.4)
1] 26 (38.8)
v 8(11.9)
Histology
TFE3 or TFEB 40 (58.8)
translocations
Papillary 9(13.2)
Renal medullary 6 (8.8)
carcinoma
Other® 13 (19.1)
Resection status
Complete resection 60 (88.2)
Incomplete resection 8(11.8)
Surgical type®
Radical nephrectomy 53 (81.5)
Partial nephrectomy 12 (18.5)

Surgical approach®
Open 50 (76.9)
Minimally invasive 15 (23.1)

Abbreviation: AJCC, American Joint Committee on Cancer TNM seventh
edition.

2Excluded 3 patients for whom information regarding tumor size was missing.
PExcluded 1 patient with missing stage of disease.

°Other included clear cell renal cell carcinoma (RCC), chromophobe RCC, and
RCC not otherwise specified.

9Excluded 3 patients with no definitive surgery.

higher rates of omitting LN sampling were observed in
those patients who were managed with partial nephrec-
tomy compared with those undergoing radical nephrec-
tomy (P =.001).

Medical Treatment
Patients with completely resected disease were treated
with surgery only.
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TABLE 2. Distribution of Patients According to Age, Clinical Stage, and Histology

Histology Age, Years
Medullary Other Papillary tRCC P2 <13 >13 P?
Age, y .02
<13 5 (83.3%) 2 (15.4%) 6 (66.7%) 21 (52.5%)
>13 1 (16.7%) 11 (84.6%) 3 (33.3%) 19 (47.5%)
T classification .001 .07
T 1(16.7%) 9 (69.2%) 4 (44.4%) 18 (45.0%) 12 (35.3%) 20 (58.8%)
T2 0 (0.0%) 3(23.1%) 3 (33.3%) 2 (5.0%) 5 (14.7%) 3(8.8%)
T3 3 (50.0%) 0 (0.0%) 2 (22.2%) 18 (45.0%) 13 (38.2%) 10 (29.4%)
T4 0 (0.0%) 1(7.7%) 0 (0.0%) 0(0.0%) 0(0.0%) 1(2.9%)
T 2 (33.3%) 0 (0.0%) 0 (0.0%) 2 (5.0%) 4(11.8%) 0 (0.0%)
N classification .06 .62
NO 0 (0.0%) 7 (53.8%) 5 (55.6%) 9 (22.5%) 12 (35.3%) 9 (26.5%)
N1 3 (50.0%) 1(7.7%) 2 (22.2%) 15 (37.5%) 11 (32.4%) 10 (29.4%)
NX 3 (50.0%) 5 (38.5%) 2 (22.2%) 16 (40.0%) 11 (32.4%) 15 (44.1%)
M classification <.001 .26
MO 1(16.7%) 12 (92.3%) 8 (88.9%) 39 (97.5%) 28 (82.4%) 32 (94.1%)
M1 5 (83.3%) 1(7.7%) 1(11.1%) 1 (2.5%) 6 (17.6%) 2 (5.9%)
NM classification 11 .75
N1MO 0(0.0%) 0 (0.0%) 1(33.3%) 15 (48.4%) 8 (42.1%) 8 (34.8%)
NX 3 (100%) 5 (100%) 2 (66.7%) 16 (51.6%) 11 (57.9%) 15 (65.2%)
AJCC stage® <.001 .03
I 1(16.7%) 9 (69.2%) 3 (33.3%) 13 (33.3%) 7 (21.2%) 19 (55.9%)
I 0(0.0%) 3(23.1%) 3 (33.3%) 1(2.6%) 5 (15.2%) 2 (5.9%)
Il 0 (0.0%) 0 (0.0%) 2 (22.2%) 24 (61.5%) 15 (45.5%) 11 (32.4%)
vV 5 (83.3%) 1(7.7%) 1(11.1%) 1 (2.6%) 6 (18.2%) 2 (5.9%)

Abbreviations: AJCC, American Joint Committee on Cancer TNM seventh edition; tRCC, translocation-type (TFE-associated) renal cell carcinoma.

2Determined using the Fisher exact test.

PExcluded 1 patient for whom information regarding stage of disease was missing.

Data collection regarding the medical treatments
used for patients with metastatic or recurrent disease was
limited to scant data concerning 2 patients with RMC
and 3 patients with tRCC. For the patients with RMC,
1 patient experienced disease progression while receiv-
ing conventional chemotherapy used for Wilms tumor
(vincristine, cyclophosphamide, and doxorubicin alter-
nating with cyclophosphamide, carboplatin, and etopo-
side). The combination of gemcitabine, carboplatin, and
docetaxel was tried 2 weeks prior to death. A second
patient received bevacizumab without clinical benefit. For
patients with tRCC, treatments included temsirolimus
(3 patients), gemcitabine and doxorubicin (2 patients),
gemcitabine and oxaliplatin (1 patient), and sorafenib
(1 patient), with all patients experiencing disease progres-
sion while receiving therapy.

Outcomes

Survival data (EFS and OS) are presented in Table 4. The
median duration of follow-up was 5 years (range, 0.23-
10.5 years). As related to the study objectives, pediatric
and adolescent patients with RCC who underwent com-
plete resection, including those with LN-positive disease,
had a favorable prognosis without receipt of adjuvant
therapy. Specifically, those patients with NIMO disease
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had an estimated 4-year EFS rate of 87.5% (range,
68.3%-100%). EFS and OS were found to be signifi-
cantly associated with histologic tumor type and disease
stage (P < .001) (Fig. 1). Overall, with the exception of 1
patient with papillary RCC, known fatalities were limited
to patients with the RMC and tRCC subtypes, because
all patients with “other” disease (clear cell RCC, chro-
mophobe RCC, RCC not otherwise specified) were alive
and free of disease at the time of last follow-up. Patients
with stage IV disease were found to have the worst sur-
vival outcomes. Table 5 presents clinical details regarding
those study patients experiencing outcome events such as
disease recurrence, death, or secondary malignancies. The
most common sites of disease recurrence were the lung
(8 patients) followed by the abdomen (4 patients), liver
(3 patients), LNs (3 patients), and bone (3 patients).

DISCUSSION

Although pediatric RCC is the second most common
primary kidney cancer diagnosed in children and adoles-
cents, to the best of our knowledge guidance regarding the
clinical management of this disease has been confined to
retrospective case series, which were limited by reporting

bias and a lack of central pathology review. AREN0321,
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TABLE 4. Survival Outcomes by Clinical Features

Feature 4-Year EFS (95% CI) P2 4-Year OS (95% Cl) P?
Overall 80.2% (69.6%-90.9%) 84.8% (75.2%-94.5%)
Age, y .36 .67
<13 75.7% (59.7%-91.7%) 82.4% (67.9%-96.8%)
>13 84.8% (71.0%-98.6%) 87.4% (74.7%-100.0%)
Resection status
Complete resection (all) 86.1% (76.3%-95.9%) <.001 91.4% (83.3%-99.4%) <.001
Incomplete resection (all) 33.3% (0.0%-71.1%) 29.2% (0.0%-63.2%)
Complete resection (AJCC stage IlI/1V) 76.5% (58.4%-94.7%) .018 84.7% (69.0%-100.0%) .001
Incomplete resection (AJCC stage Ill/IV) 38.1% (0.0%-79.6%) 34.3% (0.0%-72.8%)
Histology <.001 <.001
Papillary 88.9% (66.9%-100.0%) 88.9% (66.9%-100.0%)
Renal medullary carcinoma 33.3% (0.0%-71.1%) 33.3% (0.0%-71.1%)
TFES3 or TFEB translocations 79.2% (65.0%-93.3%) 87.2% (75.5%-99.0%)
Other 100% (100.0%-100.0%) 100% (100.0%-100.0%)
NM classification .32 .45
N1MO 87.5% (68.3%-100.0%) 87.1% (67.6%-100.0%)
NX 80.6% (64.6%-96.6%) 80.4% (64.4%-96.4%)
AJCC stage (with complete resection)® .001 11
| 92.2% (80.8%-100.0%) 96% (87.8%-100.0%)
Il 100% (100.0%-100.0%) 100% (100.0%-100.0%)
1] 78.6% (60.2%-97.0%) 87.7% (72.6%-100.0%)
\% 50% (0.0%-100.0%) 50% (0.0%-100.0%)
AJCC stage (all)° <.001 <.001
| 92.2% (80.8%-100.0%) 96% (87.8%-100.0%)
Il 100% (100.0%-100.0%) 100% (100.0%-100.0%)
1] 79.5% (61.8%-97.1%) 88.1% (73.7%-100.0%)
\Y% 33.3% (0.0%-71.15%) 29.2% (0.0%-63.2%)
Surgery type® 79 58
Partial nephrectomy 83.3% (61.1%-100.0%) 91.7% (75.3%-100.0%)
Complete nephrectomy 84.0% (72.8%-95.3%) 88.2% (78.2%-98.3%)
Surgery approach® 51 1.00
Laparoscopic 86.7% (68.0%-100.0%) 86.7% (68.0%-100.0%)
Open 83.1% (71.3%-94.9%) 89.6% (79.9%-99.3%)

Abbreviations: 95% Cl, 95% confidence interval; AUCC, American Joint Committee on Cancer TNM seventh edition;EFS, event-free survival; OS, overall survival.

2Determined using the log-rank test.
PExcluded 8 patients with incomplete resection.

°Excluded 1 patient for whom information regarding stage of disease was missing.

9Excluded 3 patients with no surgery.

which to our knowledge is the first prospective coopera-
tive group clinical trial for pediatric RCC, was conducted
to overcome these limitations and provide new insights
into the treatment, outcomes, and prognostic factors of
this rare malignancy.

ARENO0321 demonstrated that patients with localized
pediatric RCC have excellent short-term outcomes without
receipt of adjuvant therapy, with 4-year OS estimates of
96% (for patients with stage I disease), 100% (for patients
with stage II disease), and 88% (for patients with stage 111
disease). By contrast, patients with stage IV disease, who
were treated with various chemotherapy and biological
agents according to physician choice, had a 4-year OS
rate of only 29%. Histology also emerged as an important
prognostic factor. It is important to note that for patients
with pediatric RCC other than tRCC and RMC, there was
only 1 death reported (in a patient with papillary type 11
disease) and 1 patient was lost to follow-up (a patient with
RCC associated with succinate dehydrogenase deficiency),
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each of whom presented with metastatic disease. Given the
rarity of such subgroups, further study in the pediatric set-
ting is not likely to be prioritized or feasible through the
COG or other pediatric cancer cooperative groups.

The clinical impact of local LN involvement for
patients with pediatric RCC in the absence of distant
metastatic spread (NIMO disease) has been controver-
sial. Although some reports have indicated that N1IMO
RCC is associated with relatively good outcomes,a’4 oth-
ers have suggested that LN positivity has adverse prog-
nostic significance.” The AREN0321 study demonstrated
that patients with completely resected N1IM0 RCC, most
commonly presenting with tRCC histology, had a 4-year
OS rate of 87% without adjuvant therapy. It is possible
that this favorable short-term outcome does not translate
to older patients with N1MO (RCC. This question war-
rants further study across all age groups.

There are concerns from the study committee re-
garding the observed failure to sample LN in greater than
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FIGURE 1. Survival outcomes shown by histology and American Joint Committee on Cancer TNM seventh edition stage of disease.
(A) Event-free survival (EFS) by histology. (B) Overall survival (OS) by histology. (C) EFS by stage of disease. (D) OS by stage of

disease. tRCC indicates translocation-type renal cell carcinoma.

one-third of the patients. Recently, the COG reported on
patients with pediatric RCC who were enrolled on the
ARENO03B2 renal tumor biology and classification study,
which identified a high rate of LN metastasis, particularly
associated with tRCC histology. LN involvement was ob-
served even among patients with small primary tumors
(T1 disease; tumors measuring <7 cm), further high-
lighting differences between pediatric and adult RCC.**
Thus, even among patients with smaller tumors or those
managed with partial nephrectomy, LN sampling is fun-
damental for accurate staging. It is interesting to note
that EFS and OS did not appear to be different between
patients with Nx and N1 disease. Possible explanations
for this include: 1) it may be that LN resection is not
necessary in the majority of patients in whom there are
no visible pathological LNs on radiographic or surgical
inspection because there is an immune response that
eradicates some micrometastatic residual disease; 2) the
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majority of patients with N1 disease only underwent LN
sampling and not a formal LN dissection and therefore
not all LN involvement may have been removed, leaving a
similar burden of residual disease compared with patients
with Nx disease; 3) LN dissection may be beneficial but
it was not actually tested in this study population; and
4) a median follow-up of 5 years, given the occasional
slow growth rate of some RCCs, may be too early to ob-
serve LN recurrence in the presence of micrometastases.
Although the 4-year EFS rate observed for patients in
the current study with Nx and N1 disease was favorable
(80%-90%), it is possible that survival outcomes can be
improved with routine formal LN dissection. Among
those patients with disease recurrence as a first event as
shown in Table 5 (excluding the patient who died in a
motor vehicle accident and those who were lost to follow-
up), 2 of 5 patients with Nx disease and 3 of 3
patients with N1 disease experienced disease recurrence in
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TABLE 5. Summary of Events on Therapy

Stage of Disease at

Status at Time of

Histology Presentation Event Recurrence Site(s) Data Freeze

RMC NxMH1 Disease progression Lung, pelvis DOD

RMC NOM1 Disease progression Lung DOD

RMC NOM1 Disease progression Lung DOD

RMC NxM1 Recurrence Lung AWD (2y)

RMC NxMO0 Recurrence Lung, abdomen, lymph nodes DOD

TFE RCC NOMO SMN-JGCT CR(7y)

TFE RCC NOMO Recurrence Lung CR@y)

TFE RCC NxM1 Disease progression Liver DOD

TFE RCC N1MO Recurrence Bone, liver, abdomen, lymph nodes DOD

TFE RCC NxMO Recurrence Surgical bed, liver, lung, DOD
retroperitoneum

TFE RCC NOMO Recurrence Primary (kidney; biopsy only) DOD

TFE RCC NxMO MVA Died due to MVA

TFE RCC NOMO Recurrence Lung, abdomen, bone AWD (1.5y)

TFE RCC N1MO Recurrence Lymph nodes, bone (T12) AWD (4.5y)

Papillary type 2 N1M1 Disease progression Renal fossa, abdomen DOD

SDHB N1M1 No follow-up after enrollment No follow-up

Abbreviations: AWD, alive with disease; CR, complete response; DOD, dead of disease; JCGT, juvenile granulosa cell tumor; MVA, motor vehicle accident; RCC,
renal cell carcinoma; RMC, renal medullary carcinoma; SDHB, succinate dehydrogenase deficient; SMN, second malignant neoplasm.

the abdomen and/or retroperitoneum. Potentially, some
of these local recurrences could have been prevented with
LN dissection.

The National Comprehensive Cancer Network
Kidney Cancer panel recommends regional LN dissection
for adult patients with RCC with palpable or enlarged
LNs detected on preoperative imaging. At this point, to
the best of our knowledge, there currently are no data for
pediatric patients with RCC to suggest an alternative ap-
proach is indicated. However, considering the higher rate
of LN positivity despite the T classification in pediatric
patients with RCC, we generally recommend LN sam-
pling and the resection of any macroscopic disease in the
renal hilum and ipsilateral retroperitoneum at the time of
initial surgical resection of the primary tumor. To the best
of our knowledge, the role of a formal retroperitoneal LN
dissection in patients with clinical NO disease is unclear.
Considering equivalent outcomes between patients with
Nx and N1 pediatric RCC, in the absence of radiographic
findings suggesting possible residual disease, we do not
recommend repeat surgery to complete a LN dissection
if one is not performed at the time of the initial primary
tumor surgery.

The strengths of the current study included a study
population that closely represented the expected histologic
distribution, albeit with a slightly higher rate of the tRCC
subtype; the prospective nature of the trial; and a reason-
able overall sample size considering the rarity of the dis-
ease. A significant limitation of the current study was the
lack of data regarding the role of systemic therapy in pa-
tients with pediatric RCC. To the best of our knowledge,
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insights into the clinical treatment of pediatric patients
with metastatic or recurrent RCC are scarce, with limited
retrospective data available regarding historical immuno-
therapy (interleukin 2, interferon)”'°
tiangiogenic-based therapies for patients with tRCC*'8
and chemotherapy and/or biological therapy for patients
with RMC. 20 Similarly, as mentioned above, there was

no uniform surgical approach to the management of LNs

Or more current an-

in the study protocol, and therefore any conclusions in
this regard were limited. The ARENO0321 study did not
dictate a uniform treatment approach for patients with
metastatic or unresectable RCC because there was in-
sufficient evidence to support a singular approach when
the study was developed. Therefore, patients were treated
according to investigator choice, with limited data pro-
vided. Finally, the fact that very late recurrences have been
reported in patients with tRCC adds some caution given
the relatively short-term median follow-up of 5 years in
the current study. However, despite such limitations, we
believe the goals of the current study have confirmed,
with prospective validation, the hypothesis that adjuvant
therapy was not necessary in patients with completely
resected, nonmetastatic disease, including those patients
with resected LN-positive disease (N1MO disease).
Currently, the COG AREN1721study is a ran-
domized trial comparing nivolumab anti-PD-1 therapy
with nivolumab in combination with axitinib anti-VEGF
therapy in patients of all ages diagnosed with unresect-
able or metastatic tRCC; this study is available to patients
through any cooperative group through the National
Clinical Trials Network of the National Cancer Institute

5163



Original Article

(ClinicalTrials.gov identifier NCT03595124). Similarly,
the Alliance 031702 study is a single-arm, phase 2 study
of cabozantinib, nivolumab, and ipilimumab that in-
cludes patients of all ages who have been diagnosed with
RMC (ClinicalTrials.gov identifier NCT03866382).

A prospective clinical study of rare cancers, such
as pediatric RCC, is feasible through cooperative group
mechanisms. The current study data have indicated that
the majority of children and adolescents with N1MO0
disease can be treated successfully with surgery alone.
Outcomes remain poor for patients with metastatic or
recurrent tRCC and RMC. Current intergroup collab-
orative efforts have provided promise to advance the
management of these rare cancers affecting children, ado-
lescents, and young adults.
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