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ARTICLE INFO ABSTRACT

Purpose: The Children's Oncology Group (COG) renal tumor study (AREN03B2) requires real-time central
review of radiology, pathology, and the surgical procedure to determine appropriate risk-based therapy. The
purpose of this study was to determine the inter-rater reliability of the surgical reviews.
Methods: Of the first 3200 enrolled ARENO3B2 patients, a sample of 100 enriched for blood vessel
involvement, spill, rupture, and lymph node involvement was selected for analysis. The surgical assessment
was then performed independently by two blinded surgical reviewers and compared to the original
assessment, which had been completed by another of the committee surgeons. Variables assessed included
surgeon-determined local tumor stage, overall disease stage, type of renal procedure performed, presence of
tumor rupture, occurrence of intraoperative tumor spill, blood vessel involvement, presence of peritoneal
implants, and interpretation of residual disease. Inter-rater reliability was measured using the Fleiss' Kappa
statistic two-sided hypothesis tests (Kappa, p-value).
Results: Local tumor stage correlated in all 3 reviews except in one case (Kappa = 0.9775, p < 0.001).
Similarly, overall disease stage had excellent correlation (0.9422, p < 0.001). There was strong correlation for
type of renal procedure (0.8357, p < 0.001), presence of tumor rupture (0.6858, p < 0.001), intraoperative
tumor spill (0.6493, p < 0.001), and blood vessel involvement (0.6470, p < 0.001). Variables that had lower
correlation were determination of the presence of peritoneal implants (0.2753, p < 0.001) and interpretation
of residual disease status (0.5310, p < 0.001).
Conclusion: The inter-rater reliability of the surgical review is high based on the great consistency in the 3
independent review results. This analysis provides validation and establishes precedent for real-time central
surgical review to determine treatment assignment in a risk-based stratagem for multimodal cancer therapy.
© 2014 Elsevier Inc. All rights reserved.
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Multi-modality treatment for a child with Wilms Tumor (WT) is
based on risk classification which includes age, tumor weight,
histology, stage and molecular characteristics [1]. This requires
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interpretation of surgical, radiological, pathological and oncological
data. Staging for WT is complicated, as both local and disease
categories must be established. Briefly, Stage I tumors are completely
excised. Tumor was not ruptured or biopsied prior to removal blood
vessels of the renal sinus are not involved. Note: for a tumor to qualify
for certain therapeutic protocols as stage I, lymph nodes must be
examined microscopically and negative for disease. Stage Il tumors
penetrated the renal capsule but were completely excised. Tumors
that extend beyond the kidney as evidenced by: penetration of the
renal capsule or extensive invasion of the renal sinus; blood vessels
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within the nephrectomy specimen outside the renal parenchyma
including those of the renal sinus, contain tumor. Note: rupture or
spillage confined to the flank, including biopsy is no longer considered
stage Il and is now considered stage IIl. Residual non-hematogenous
tumor present following surgery and confined to the abdomen is
considered stage IIl. Additional stage III criteria include: positive
regional lymph node metastases, penetration to the peritoneal surface
or implants, gross or microscopic tumor remains postoperatively,
local infiltration into vital structures, tumor spillage before or during
surgery, the tumor is treated with preoperative chemotherapy before
therapy regardless of type of biopsy, tumor is removed in greater than
one piece (e.g. tumor thrombus in renal vein removed separately from
nephrectomy specimen.

Stage IV is hematogenous metastases (lung, liver, etc) or lymph
nodes outside the abdomen. Stage V is bilateral renal involvement [1].
Prior research has shown a high discordance and protocol violation
rates when staging was done by an individual institution compared to
a central group of experts [2,3]. Misclassification is likely to adversely
impact delivery of appropriate therapy. Under staging a child can
result in less therapy and an increased risk of recurrence. Conversely,
over staging can result in treatment of increased intensity with an
unnecessary higher risk of both short and long-term toxicity.

Quality assurance (QA) is essential to maintain data reliability,
validity, and integrity and is mandated by the National Cancer
Institute for any clinical trial [4]. Most of the QA review has been
performed retrospectively. However, since 2006 treatment on any
therapeutic Children’s Oncology Group (COG) renal tumor protocol
has required enrollment in the Renal Tumor Classification, Biology,
and Banking Study (AREN03B2) [5]. Risk assignment is determined by
real-time central review of clinical and molecular factors of known
predictive value. Central reviewers include a team of surgeons,
pathologists, radiologists and oncologists. By performing the central
review in real-time (data are delivered and assimilated immediately
as collected, day zero is the date of surgical procedure) each individual
child is assured the best risk assignment prior to the initiation of
therapy. The radiological, surgical and pathology reviews are all
performed within 48 h of the patient registering for the study and
prior to therapy beginning. We hypothesized a high level of
agreement between surgical reviewers. This study's objective was to
determine the accuracy and inter-rater reliability of the surgical
reviews on ARENO3B2 patients.

1. Patients and methods

ARENO3B2 opened in 2006 and as of May 2012 3200 patients had
been enrolled. To enroll on ARENO3B2 only, materials only need to be
submitted by day 30. To receive an initial risk assignment by day 14,
required materials including chest and abdominal imaging, pathology
slides and institutional pathology reports and operative reports are
requested to be submitted by day 7 after surgery. To register to the
study a CT or MRI of the chest and abdomen, pathological specimen
and operative note must be submitted within 14 days of the original
diagnosis for central review. The radiology review and pathology
review occur independently prior to the surgical review. The surgical
reviewer determines the final local and disease stage and the
oncologist then performs the risk assignment. There are six surgical
reviewers with 4-25 years’ experience with WT surgical quality
reviews. The study statistician selected a blinded sample of 100
unilateral renal tumor ARENO3B2 patients, enriched for patients with
blood vessel involvement, spill, rupture, and lymph node involve-
ment, for analysis. Sample “enrichment” by the statistician selected a
higher level of the more difficult variables to interpret than would
occur randomly to be a more stringent test of the reviewers’ ability to
agree. The more frequent cases of stage I disease where all disease is
resected are much less challenging. Cases reviewed previously by
either of the study surgeons were excluded. Two committee surgeons

(each with over twelve years of experience performing surgery
reviews) independently re-reviewed every patient and assigned the
local and disease stage. This was compared to the initial central
surgical review (Fig. 1). The key variables of interest were local and
disease stage as they determined therapy. Other variables included
type of renal procedure, blood vessel involvement, rupture, spill,
presence of peritoneal implants, and residual disease status. Results
from committee surgeons, as well as the original (different) reviewer,
are summarized with contingency tables. Inter-rater reliability was
determined using two methods. The Fleiss' Kappa statistic was
calculated for each variable [6,7]. A Kappa score of 1.0 is perfect
agreement, 0.8-0.99 almost perfect, 0.6-0.79 substantial, 0.4-0.59
moderate, 0.2-0.39 fair, 0.01-0.19 slight and <0 no agreement [8].
Two-sided hypothesis tests determined whether there was no
agreement among the 3 reviewers. A p value of 0.05 was considered
significant. All analyses were performed using SAS® version 9.2. P-
values were not adjusted for multiple comparisons.

2. Results

In the enriched sample of 100 cases the inter-rater reliability was
excellent, with almost perfect agreement. The null hypothesis was
also rejected for all variables. Kappa values were almost perfect for:
Type of procedure (Table 1) Kappa = 0.8357 + 0.0394, p-value:
0.001; local stage (Table 2) 0.9775 + 0.037, p-value: 0.001 and
disease stage (Table 3) 0.942 4 0.0279, p-value: 0.001. Substantial
agreement was seen for: tumor rupture 0.658 + 0.0549, p-value:
0.001 (Table 4); spill 0.6493 4 0.0513, p-value: 0.001 and tumor
extension into the blood vessels 0.6470 + 0.0547, p-value: 0.001
(Table 5). Moderate agreement was seen with presence of residual
disease with Kappa = 0.5310 + 0.0503, p-value: 0.001 and a fair
Kappa was noted for determining the presence of peritoneal
metastasis with a Kappa = 0.2753 +/0.0493, p-value: 0.001.

3. Discussion

Wilms tumor treatment has served as a paradigm for multi-
modality cancer therapy. A large volume of data from well controlled
randomized therapeutic trials has provided the basis for identification
of well-defined risk groups enabling targeted therapy which aims to
maximize survival and minimize toxicity. The importance of correctly
staging the patient (particularly lymph node invasion) has been
recognized since the 1980s [9-11]. This information resulted in
recommendations to alter the staging system for NWTS-3. A
prospective study by Othersen et al. [11] examined the surgeon’s
impression of lymph nodes and compared it to the pathological
review. They found that surgeon’s impression alone had only a 57%
positive predictive value with a false negative rate of 31% and a false
positive rate of 18%. The recommended treatment for a child (COG
protocols) is based on the individual child’s risk. Currently risk is
stratified based on a patient’s age, tumor weight, histology, local and
disease stage and molecular characteristics of the tumor. This is a
complex process and requires expertise to ensure proper targeted
therapy. The surgeon (and the initial surgery) provides critical
information for determining the local and disease stage. Proper
surgical approach and procedure, performance, documentation and
understanding of the findings at operation all determine local stage
and therefore significantly impact therapy. Shamberger et al., in a
retrospective study from NWTS-4, identified an increased risk of local
recurrence when 1) surgeons failed to sample lymph nodes and 2)
tumor spillage occurred. Incorporating these factors in assignment of
local tumor stage was critical in the surgical protocol NWTS V that
reduced local tumor recurrence and improved the survival rate of
children with WT [12].

Quality assurance of a clinical trial is mandated both internally by
the COG, but also externally by the National Cancer Institute. Quality
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