UC Davis
UC Davis Previously Published Works

Title

Tumoral TP53 and/or CDKN2A alterations are not reliable prognostic biomarkers in patients
with localized Ewing sarcoma: A report from the Children's Oncology Group

Permalink
https://escholarship.org/uc/item/7fv184pZ
Journal

Pediatric Blood & Cancer, 62(5)

ISSN
1545-5009

Authors

Lerman, Daniel M
Monument, Michael |
Mcllvaine, Elizabeth

Publication Date
2015-05-01

DOI
10.1002/pbc.25340

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7fv184pz
https://escholarship.org/uc/item/7fv184pz#author
https://escholarship.org
http://www.cdlib.org/

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2016 May 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2015 May ; 62(5): 759-765. doi:10.1002/pbc.25340.

Tumoral TP53 and/or CDKN2A Alterations are Not Reliable
Prognostic Biomarkers in Patients with Localized Ewing
Sarcoma: A Report from the Children’s Oncology Group

Daniel M. Lerman, MD12, Michael J. Monument, MD¥-2, Elizabeth Mcllvaine, MS3, Xiao-
giong Liu, PhD#, Dali Huang, MD#, Laura Monovich, MBAS, Natalie Beeler, BS®, Richard G.
Gorlick, MD®, Neyssa M. Marina, MD’, Richard B. Womer, MD8, Julia A. Bridge, MD*, Mark
D. Krailo, PhD3, R. Lor Randall, MD12, and Stephen L. Lessnick, MD, PhD1:2:9 for the
Children’s Oncology Group Ewing Sarcoma Biology Committee

1Department of Orthopedics, University of Utah, Salt Lake City, UT, USA

2Center for Children’s Cancer Research, Huntsman Cancer Institute, University of Utah, Salt Lake
City, UT, USA

3University of Southern California Keck School of Medicine, Los Angeles, CA, USA

“Department of Pathology and Microbiology, University of Nebraska Medical Center, Nebraska
Medical Center, Omaha, NB, USA

5Children’s Oncology Group Biopathology Center, The Research Institute at Nationwide
Children’s Hospital, Columbus, OH, USA

5Department of Pediatrics, Montefiore Medical Center, The Children's Hospital at Montefiore,
Bronx, NY, USA

"Division of Pediatric Hematology/Oncology, Department of Pediatrics, Stanford University, Palo
Alto, CA, USA

8Division of Oncology, The Children's Hospital of Philadelphia, University of Pennsylvania,
Philadelphia, PA, USA

°Division of Pediatric Hematology/Oncology and the Department of Oncological Sciences,
University of Utah, Salt Lake City, UT, USA

Abstract

Background—A growing collection of retrospective studies have suggested that TP53 mutations
and/or CDKNZ2A deletions have prognostic significance in Ewing sarcoma. We sought to evaluate
these variables in patients with localized disease treated prospectively on a single Children’s
Oncology Group protocol.

Procedure—Of the 568 patients enrolled on Children’s Oncology Group protocol AEWS0031
(NCTO00006734), 112 had tumor specimens of sufficient quality and quantity to allow for analysis
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of TP53 mutations status by DNA sequencing, and CDKN2A deletion by dual color fluorescent in
situ hybridization.

Results—Eight of 93 cases (8.6%) were found to have TP53 point mutations and 12 of 107 cases
(11.2%) demonstrated homozygous CDKN2A deletion. Two cases were found have an alteration
in both genes. There was no significant difference in event-free survival of patients with TP53
mutations and/or CDKN2A deletions compared to patients with normal TP53/CDKN2A gene
status, as demonstrated by log rank test (p = 0.58).

Conclusions—Although previous retrospective studies suggest their significance, TP53
mutation and/or CDKNZ2A deletion are not reliable prognostic biomarkers in localized Ewing

sarcoma.
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INTRODUCTION

Ewing sarcoma is the second most common primary malignancy of bone in the pediatric
population.[1] Prior to the development of systemic chemotherapy, 90% of patients with
Ewing sarcoma died of distant metastases.[2,3] With current therapeutic protocols the 5-year
survival rate for patients with localized disease is roughly 70%.[4] Approximately 25% of
patients have metastatic disease at presentation, portending a poorer prognosis, with a 24-
month event-free survival (EFS) of 35%.[5]

Current chemotherapeutic agents are generally non-specific cytotoxins associated with
significant short- and long-term side effects. Further advances in therapy are likely to
include increased dose-intensity and newly introduced agents, both of which may impart
significant risk to the patient. Therefore, it is increasingly important to identify patients that
are at a high risk for treatment failure with current protocols in order to justify the potential
danger associated with escalated treatment regimens. Better understanding of the
pathogenesis of Ewing sarcoma has created interest in the identification of prognostic
molecular biomarkers to define this high-risk patient population.

Ewing sarcomas are defined by characteristic somatic chromosomal translocations that
usually fuse the EWSR1 gene (encoding the EWS protein) to an ETS family transcription
factor gene. In approximately 85% of cases the translocation (11;22)(q24;q12) occurs,
resulting in the EWS/FLI fusion protein.[6-9] This fusion protein is necessary, but not
sufficient for the oncologic phenotype of Ewing sarcoma cells.[10-15] EWS/FLI induction
of oncogenesis is host cell line dependent, suggesting that additional cell-specific mutations
are required.[16-19] Specifically, inhibition of the p53 or p16'NK4a pathways appears to
facilitate this process.[18,19]

The p53 protein (encoded by the TP53 gene) is responsible for cellular growth arrest and
apoptosis in response to cell stress signals, such as DNA damage and oncogenic mutations.
[20-23] The p53 pathway is negatively regulated by MDMZ2, which itself is sequestered and
inhibited by p14ARF [24,25] The gene locus CDKN2A encodes the p14ARF and p16!NK4a

Pediatr Blood Cancer. Author manuscript; available in PMC 2016 May 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lerman et al.

Page 3

proteins from overlapping transcripts.[26] The p16!NK4a protein helps to prevent cell cycle
progression by inhibiting cyclin-dependent kinase-mediated phosphorylation of the RB
protein.[27,28] Therefore, deletion of the CDKN2A locus usually results in the loss of
p14ARF and p16!NK4a thus eliminating the growth inhibition provided by both the p53 and
RB pathways.[26,29]

Alterations in p53 and p16'NK42a proteins have been identified in approximately 10% and
20% of Ewing sarcoma cases, respectively.[30] Over the past twenty years a growing series
of retrospective studies have suggested that alterations in the p53 and p16'NK42 pathways
have prognostic significance in Ewing sarcoma.[31-36] However, other retrospective series
have failed to demonstrate a correlation between these genetic alterations and clinical
outcome.[37-39]

Given the importance of identifying molecular biomarkers able to distinguish high-risk
patient populations and the conflicting data from the prior studies, we designed a
prospective study to clarify the relationship between TP53 and/or CDKN2A status and
clinical outcomes in patients with localized Ewing sarcoma. The current study focuses on a
well-defined group of patients with localized disease treated in a prospective fashion on a
single Children’s Oncology Group (COG) study. The genetic analysis techniques employed
by this study could be readily translated into the clinical setting if TP53 and/or CDKN2A
proved to be clinically-valuable biomarkers.

METHODS

Clinical Specimens and Treatment

All patients were enrolled on COG protocol AEWS0031 (NCT00006734).[4] Inclusion
criteria were patients with Ewing sarcoma (diagnosed by pathologic review at enrolling
institutions and centrally, but no requirement for molecular confirmation) who had localized
disease without overt evidence of metastasis. Protocol treatment consisted of alternating
cycles of vincristine/doxorubicin/cyclophosphamide and ifosfamide/etoposide for 12 weeks,
at which time local control (surgery and/or radiation therapy) was performed, followed by
continuation of chemotherapy until a total of 14 cycles were received. The protocol was
designed to evaluate the effect of interval time compression between administered
chemotherapy cycles and patients were randomly assigned to receive either standard timing
(with chemotherapy cycles administered every three weeks) or interval-compressed timing
(with chemotherapy cycles administered every two weeks).

Of the 568 patients enrolled on COG protocol AEWS0031[4], 112 patient specimens were
included in the current analysis under COG protocol AEWS08B1 (NCT00898053).
Inclusion criteria for the current analysis were: 1) the availability of banked specimens from
patients enrolled on COG protocol AEWS0031, 2) sufficient quality and quantity of genetic
material for analysis, and 3) identifiable specimen source for correlation with clinical
outcome (Figure 1). This biological-correlative analysis was approved as COG protocol
AEWS08B1 and received all requisite IRB approvals.
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CDKN2A Analysis by FISH

Dual color fluorescent in situ hybridization (FISH) was used to assess for deletion of the
CDKNZ2A gene locus. Commercially available CDKN2A locus-specific and chromosome 9
centromere-specific probes were utilized (LSI p16'NK4a [9p21] Spectrum Orange/CEP 9
Spectrum Green Dual Color Probe Set, Vysis, Des Plaines, IL). Cytologic touch
preparations were performed on 112 specimens comprising snap frozen, optimal cutting
temperature (OCT) compound-embedded, or formalin-fixed paraffin-embedded (FFPE)
tissue preservations. Of these 112 specimens, 107 produced interpretable results. Five
specimens were excluded from analysis due to insufficient cells (two) and equivocal FISH
results (three). Positive and negative controls were established with a Malignant Fibrous
Histiocytoma sample with a del(9)(p12p24) karyotype, and with a Ewing sarcoma sample
demonstrating a +9 karyotype, respectively.

Hybridization signals were assessed independently by two trained individuals in 100-200
interphase nuclei with strong and well-delineated signals. An interphase cell specimen was
determined to be abnormal if the copy number for the LSI p16/NK4a and/or CEP 9 probe
signals were greater than two signals per probe in more than 10% of the cells evaluated, or
less than two signals per probe in 20% of the cells evaluated (more than two standard
deviations above the average false-positive rate). Cytologic touch preparations of
pathologically unremarkable skeletal muscle served as normal controls.

TP53 Analysis by PCR Sequencing

Genomic DNA extraction was performed with EPICENTRE Biotechnologies MasterPure
Complete DNA and RNA Purification kit. Extracted DNA was evaluated by agrose gel
electrophoresis and spectrophotometry. Of the 112 specimens processed, 98 yielded a
sufficient amount of genomic DNA, defined to be greater than 0.25 pg.

PCR amplification of TP53 exons 5 through 8 was performed with the following paired
primer sequences:

Exon 5:

Forward: 5GTAAAACGACGGCCAGTACTTTCAACTCTGTCTCCTTCCTCTTC 3
Reverse: 5' CAGGAAACAGCTATGACCAGCCCTGTCGTCTCTCCAG 3'

Exon 6:

Forward: 5 GTAAAACGACGGCCAGTCACTGATTGCTCTTAGGTCT 3

Reverse: 5' CAGGAAACAGCTATGACAGTTGCAAACCAGACCTCAGG 3

Exon 7:

Forward: 5> CTGCTTGCCACAGGTCTC 3’

Nested: 5 GTAAAACGACGGCCAGTTCATCTTGGGCCTGTGTTATCTC 3

Pediatr Blood Cancer. Author manuscript; available in PMC 2016 May 01.
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Reverse: 5’-TGGATGGGTAGTAGTATGGAAC-3’

Nested: 5' AGGAAACAGCTATGACGTGCAGGGTGGCAAGTGG 3
Exon 8:

Forward: 5' GTAAAACGACGGCCAGTGACCTGATTTCCTTACTGCC 3
Reverse: 5 CAGGAAACAGCTATGACCCACCGCTTCTTGTCCTGCT 3’

Amplicons were purified and sequenced. Forward and reserve exon sequencing provided
internal confirmation of the mutations, with positive mutations being identified in both
directions. Controls for normal and mutant TP53 were normal peripheral blood lymphocyte
DNA and known TP53 mutation-containing cell line DNA, respectively. Titration
experiments demonstrated that as little as 10% mutated DNA could be detected.

Whole Genome Amplification

Genomic DNA (20 ng) from each of the 59 snap frozen and 39 OCT embedded specimens
with a sufficient amount of DNA remaining following the PCR-sequencing studies were
subjected to the QIAGEN’s REPLI-g (Venlo, NL) service for whole genomic amplification
(WGA). The WGA resulted in 100-152 ug of DNA from each starting material. The WGA
DNA was subjected to PCR and sequencing for TP53 mutations as described above.

Data Analysis

The primary study endpoint was event-free survival, defined as the time from study entry
until disease progression, death without progression of disease, occurrence of a second
malignant neoplasm or last follow-up, whichever occurred first. If a patient was alive and
without malignancy, the patient was considered censored for analysis; in all other cases, an
event was considered to have occurred.

The study population was segregated into two subpopulations according to the presence (yes
v. no) of a TP53 gene mutation and/or CDKN2A allele deletion. The prognostic significance
of a TP53 mutation and/or CDKN2A deletion was assessed using a two-sided log rank test.
EFS as a function of time since study enrollment was estimated using the method of Kaplan
and Meier.[40] Equality of risk for EFS-event across patient groups was assessed using the
log rank statistic.[40] A p-value of 0.05 or less was considered indicative of a significant
relationship between gene mutation/deletion status and clinical outcome. Confidence
intervals were constructed using a relative risk regression model[40] with the characteristic
of interest as the only variable in the model.

The secondary goals for the study were to estimate the incidence of TP53 mutations and
CDKNZ2A deletion in tumor samples derived from the population of patients with localized
Ewing sarcoma. To do this, the proportion of specimens determined to have a genetic
alteration were used to estimate of the mutation/deletion fraction.

In determining whether the evaluated population of 112 patients was representative of the
entire protocol population (n = 568) and the prognostic significance of TP53/CDKN2A
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alterations, subgroup analysis of standard and interval-compressed protocols was not
performed in order to maintain statistically significant populations. Therefore, the presented
analysis includes patients treated with both the standard and interval-compressed treatment
protocols considered as one population.[4]

Chi-squared and Fisher’s exact test were used as appropriate to identify significant
demographic and/or outcome variances between the evaluated study group versus the
protocol enrolled group at large, and between patients with versus without TP53/CDKN2A
alterations.

Population characteristics

The 112 specimens evaluated were a subset of the 568 patients enrolled in COG protocol
AEWSO0031. The demographic data and EFS of the evaluated patient subset was statistically
equivalent to the larger population, with the exception of patient age (Table 1), and is thus
generally representative of the whole patient population with localized Ewing sarcoma
treated on protocol AEWS0031.

TP53 mutations and CDKN2A deletions

Ninety-three of 112 patient tumor specimens (83%) yielded genomic DNA that was of
sufficient quantity and quality to be evaluated for TP53 mutation. PCR amplification and
sequencing of exons 5 through 8 identified a point mutation in 8 of 93 specimens (8.6%).
This mutation rate is consistent with previously published reports that establish the Ewing
sarcoma tumoral mutation rate from 4.2% to 20%.[41,42] Seven of eight TP53 alterations
occurred within a region commonly affected by oncogenic mutations [43]. Mutations were
identified in each examined exon.

Dual color FISH identified homozygous CDKN2A deletions in 12 of 107 analyzable
specimens, demonstrating a CDKN2A loss incidence of 11.2%. Again, this incidence is
consistent with previous reports in Ewing sarcoma tumor specimens of 7% to 21%.[33,41]
Note that in keeping with prior studies, only homozygous CDKNZ2A loss was considered
significant, as cells with heterozygous CDKN2A loss would be expected to have a normal
phenotype.

Eighty-nine (79.5%) of the initial 112 specimens were analyzable for both TP53 mutation
and CDKNZ2A deletion. Of those 89 specimens, two (2.24%) had an alteration in both genes,
while 17 specimens (19.1%) had an alteration in either TP53 or CDKN2A (Table I1).

Whole Genome Amplification Analysis

Direct Sanger sequencing of the 98 WGA DNA specimens demonstrated 100% concordance
with genomic DNA sequencing. The eight specimens with mutations identified by
sequencing of genomic DNA exons 5 through 8 were also identified in the WGA DNA
samples.

Pediatr Blood Cancer. Author manuscript; available in PMC 2016 May 01.
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Survival Analysis

EFS analysis was performed on all of the patients enrolled in COG protocol AEWS0031.
Demographic data of the evaluated (n = 112) and not evaluated (n = 456) patients
demonstrated similarity between the two groups, with the exception of age (p = 0.04; Table
1). Although the evaluated patient population was younger, there was no difference in EFS
compared to excluded patient population, demonstrated by a relative hazard ratio of 1.248
[95% CI: 0.8779 to 1.7742] (Table I11). Since younger age at time of diagnosis has been
shown to be of positive prognostic significance,[44] it does not appear that the age
discrepancy between the two groups significantly influenced the clinical outcomes. Kaplan-
Meier EFS comparisons between the included and excluded patient populations also failed
to demonstrate a significant difference between the two groups (p = 0.22; Figure 2A).
Therefore, the evaluated population appears to be representative of the total patient
population treated on protocol AEWS0031.

Comparison in patient outcomes between those whose tumors harbored mutations in TP53
versus those who did not demonstrated a statistically similar EFS for the two groups (p =
0.26; Figure 2B). TP53 mutation was found to have an insignificant relative hazard ratio of
1.8288 [95% CI: 0.645 to 5.1856] compared to the wild-type gene (Table Il1). It should be
noted that in this study a trend was observed, that patients with TP53 mutations represented
an older population compared to patients without TP53 mutations (p = 0.67, Table IV).
Additionally, patients with TP53 mutations were racially diverse (75% Caucasian) compared
to patients without TP53 mutation (95% Caucasian, p = 0.014, Table 1V). However, given
the small number of patients with p53 mutation (n = 8) the racial difference is accounted for
by two patients, one who self-identified as Asian and another as African-American. Non-
Caucasian race and older age at diagnosis portends a worse prognosis than Caucasian and
younger patients,[44] thus any difference between TP53 mutant and non-mutant populations
should have been accentuated by the age and race differences between these groups; despite
this, no difference was observed.

Comparison in patient outcomes between those whose tumors contained CDKN2A deletion
and those who did not, also demonstrated a statistically similar EFS (p = 0.91; Figure 2C)
and an insignificant relative hazard ratio (0.9397 [95% Cl: 0.3337 to 2.6459], Table I11)
between the two groups. Patients with and without CDKN2A deletions were
demographically equivalent (Table 1V). Thus, age, sex, race, and primary tumor location
would not have prevented our ability to detect a difference in outcome, if one had existed.

To determine if alteration in either TP53 and/or CDKN2A correlated with EFS in patients
with localized Ewing sarcoma, we considered the evaluable population for either alteration
in toto. Kaplan-Meier comparisons again showed no statistically-significant difference in
EFS between the groups (p = 0.58; Figure 2D).

DISCUSSION

This study identified an incidence of TP53 mutation (8.4%) and CDKN2A deletion (11.2%)
in tumor specimens from patients with Ewing sarcoma that was consistent with rates
identified in previous series.[30,32-36,42] However, in contrast to those retrospective
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studies, we did not find a correlation between either of these genetic alterations and clinical
outcome. EFS rates were equivalent between patients whose tumors did and did not have
alternations in either TP53 and/or CDKN2A.

Our study differs from the previous series in multiple ways, each of which could help
explain our discrepant findings. The current study consists of prospective specimen
collection, obtained from patients on a standardized treatment protocol. While our study
population was larger than most of the prior reports, it was confined to patients with
localized disease. And lastly, the methodologies utilized to assess gene status could be
promptly translated into clinical use.

The current study’s prospective patient enrollment and specimen collection imparts a
significantly higher level of evidence than the proceeding small retrospective studies that
lacked “prospectively dictated therapy, follow-up, specimen selection, or statistical
analysis.”[45] In addition to the inherent bias of retrospective reviews, prior studies’
inclusion of patients treated on a variety of therapeutic protocols over a range of treatment
eras introduced a significant variable when evaluating clinical outcomes.

The 112 evaluated specimens are a subpopulation of the 568 patients enrolled in COG
protocol AEWS0031. With the exception of age at enrollment, the demographic and EFS
data of the evaluated subpopulation is equivalent to that of the entire protocol enrolled
patient population. Due to the congruity between these groups, the results from the 112
evaluated specimens are believed to be representative of the whole protocol population.
Regardless, the 112 specimens in the current study is a larger population than any prior
which has shown prognostic significance of TP53/CDKN2A alterations.[30-36,46] The
largest retrospective review was able to assess 107 specimens for TP53 mutations and/or
CDKNZ2A deletions; consistent with our findings, their multivariate analysis failed to
demonstrate an association between these genetic alterations and progression free or disease
specific survival.[37]

The presence of metastatic disease upon presentation is a well-recognized negative
prognostic marker. Other clinical features—tumor size, location, response to neoadjuvent
therapy and patients age at presentation—have a weaker correlation with negative outcomes
leaving few, if any, prognostic markers available for patients with localized disease.[47] By
excluding patients with metastatic disease we eliminated this confounding variable and
focused on the population for which prognostication is most difficult.

PCR sequencing analysis of TP53 exons 5 through 8 produced an accurate and clinically
replicable assay. This region of p53 contains 90% of the identified oncogenic mutations and
the DNA binding domain.[43] Using this strategy we identified a TP53 mutation rate of
8.6%. While this rate is well within the reported range of 3% to 19%,[41,42] it does fall
below the mutation rate reported in the largest retrospective series of 15%.[37] However in
that review mutation status was assessed by immunohistochemistry (IHC), which has been
shown to be less specific than DNA sequencing, as demonstrated in a series from Memorial
Sloan Kettering Cancer Center, where two of 10 Ewing sarcoma samples with positive IHC
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staining for p53 were ultimately determined to be negative for TP53 mutations by GeneChip
analysis.[30]

Our analysis of the CDKNZ2A locus was performed with a commercially available CDKN2A
specific-probe that is larger than the probes used in previously published reports. While this
may have caused false negative results if small deletion segments were missed, our
CDKN2A homozygous deletion rate of 11.2% was consistent with previously published
reports of 7% to 21%.[33,41] The utilization of a commercially available CDKN2A probe
established the parameters of clinically applicable assay.

As in this investigation, for large scale genomic studies to be performed in rare diseases,
organized longitudinal tumor banking is essential.[48] While COG’s Biopathology Center is
an invaluable resource of tumor specimens accumulated over many years, the quantity of
each sample is finite, necessitating a judicious evaluation of study merit prior to specimen
utilization. Careful utilization of this limited and valuable resource is of critical importance.
Although the evaluation of TP53 and CKDN2A alterations in patients with localized Ewing
sarcoma is a meaningful clinical question, we recognize the value of other genomic
questions and the scarcity of tumor specimen tissue. Therefore, following PCR analysis,
WGA was performed in order to replenish the Ewing sarcoma sample DNA. By report from
the commercial vendor (QIAGEN) and confirmed by our experience, WGA produced an
accurate amplification of genomic DNA. With this technology the valuable resource of
tumor specimen DNA can be restored and maintained for use in future projects.

A useful biomarker, as described by Hodgson et al., must demonstrate a clear prognostic
relationship, and must be evaluable on easily obtained specimens, in an efficient and cost
effective manner with currently available technology.[49] The prior studies that
demonstrated a correlation between TP53/CDKN2A alterations and clinical outcomes,
promoted these genetic alterations as prognostic biomarkers.29-3% 46 While strong
associations were identified within their study population, our contrary findings demonstrate
that TP53/CDKN2A alterations are not universally applicable biomarkers and therefore have
no prognostic significance in localized Ewing sarcoma.

Identification of characteristics with which to differentiate the presenting patient population
continues to be elusive in localized Ewing sarcoma. Despite early optimism, TP53/CDKN2A
alterations prove to be unreliable biomarkers. This finding serves as a reminder that a
potential biomarker’s prognostic value is limited to the study population in which it was
initially identified and its utility should not be extrapolated without validation by large
prospective trials.
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AEWS0031 Protocol
n =568

Excluded n =456
Tissue unavailable

Standard Treatment Regimen Compressed Treatment Regimen
n=69 n=43
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n=112

Clinical Evaluation
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Figure 1.

CONSORT diagram demonstrating patient specimen inclusion. SF= snap frozen, OCT=
optimal cutting temperature, FFPE= formalin-fixed paraffin-embedded.
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Figure 2.
A. Kaplan-Meier EFS curve of evaluated (included) v. not evaluated (excluded) patients

from protocol AEWSO0031. B. Kaplan-Meier EFS curve of patients with v. without TP53
mutation. C. Kaplan-Meier EFS curve of patients with v. without CDKN2A deletion. D.
Kaplan-Meier EFS curve of patients with v. without TP53 mutation and/or CDKN2A
deletion
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COG AEWS0031 patient demographics

Table 1

Not Evaluated  Evaluated P-value
N=456 N=112
Demogr aphics N % N %

Age 0.04
<=9 124 27% 38  34%
10-17 271 59% 68  61%
18<= 61 13% 6 5%

Sex 0.8
Male 246 56% 62  55%
Female 210 46% 50 45%

Race 0.9"
Caucasian 401 88% 101 90%
African American 12 3% 2 2%
Other 19 4% 3 3%
Missing 24 5% 6 5%

Primary Tumor Site 0.4
Appendicular 151 33% 44 39%
Thoracic 73 16% 16 14%
Pelvic 70 15% 20 18%
Other Axial 66 14% 9 8%
Extraosseous 96 21% 23 21%

*
Fischer's Exact Test. A comparison between patients evaluated and not evaluated in the current study (AEWS08B1).
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Table Il
CDKNZ2A and/or TP53 alteration rate

CDKN2A TP53  Either/Both®

Alterations 12 8 17
Normal 95 85 72

Percentage  11.20% 8.60% 19.10%

*
two patients had both p16 loss and p53 mutation
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Table llI

Relative Hazard Ratios for inclusion in the current study and gene alteration

Relative Hazard Ratio

95% Confidence Interval

Median follow-up*

. *
Maximum follow-up

Evaluated Status
Not Evaluated 1.0000
Evaluated 1.2480
CDKNZ2A Status
Normal 1.0000
Deleted 0.9397
TP53 Status
Normal 1.0000
Mutated 1.8288
CDKN2A& TP53 Status
Both normal 1.0000
Either/Both altered 1.2638

0.8779to 1.7742

0.3337 to 2.6459

0.6450 to 5.1856

0.5499 to 2.9046

4.93
5.78

5.62
5.95

5.50
571

5.44
5.82

7.86
7.67

7.67
6.79

7.60
5.83

7.60
6.71

*
Among patients without an event. Relative hazard ratio with 95% confidence intervals and follow-up durations for (1) AEWS0031 patients

evaluated and not evaluated in the current study (AEWS08B1), and (2) patients with and without CDKN2A and/or TP53 alterations.
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