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Early recurrence in standard-risk
medulloblastoma patients with the common
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Medulloblastoma is diagnosed histologically; treatment
depends on staging and age of onset. Whereas clinical
factors identify a standard- and a high-risk population,
these findings cannot differentiate which standard-risk
patients will relapse and die. Outcome is thought to be
influenced by tumor subtype and molecular alterations.
Poor prognosis has been associated with isochromosome
(1)17q in some but not all studies. In most instances, molecu-
lar investigations document that i17q is not a true iso-
chromosome but rather an isodicentric chromosome,
idic(17)(p11.2), with rearrangement breakpoints mapping
within the REPA/REPB region on 17p11.2. This study
explores the clinical utility of testing for idic(17)(p11.2)
rearrangements using an assay based on fluorescent in situ
hybridization (FISH). This test was applied to 58 con-
secutive standard- and high-risk medulloblastomas
with a 5-year minimum of clinical follow-up. The pres-
ence of i17q (ie, including cases not involving the
common breakpoint), idic(17)(p11.2), and histologic
subtype was correlated with clinical outcome. Overall
survival (OS) and disease-free survival (DFS) were con-
sistent with literature reports. Fourteen patients (25%)
had i17q, with 10 (18%) involving the common isodi-
centric rearrangement. The presence of i17q was asso-
ciated with a poor prognosis. OS and DFS were poor in
all cases with anaplasia (4), unresectable disease (7),
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and metastases at presentation (10); however, patients
with standard-risk tumors fared better. Of these 44
cases, tumors with idic(17)(p11.2) were associated
with significantly worse patient outcomes and shorter
mean DFS. FISH detection of idic(17)(p11.2) may be
useful for risk stratification in standard-risk patients.
The presence of this abnormal chromosome is associated
with early recurrence of medulloblastoma.

Keywords: FISH, idic(17)(p11.2),117q, medulloblastoma,
pediatric oncology.

P 1 edulloblastoma is the most common malig-
nant brain tumor in children and accounts
for approximately 20% of all central nervous

system (CNS) tumors." Despite its relatively high inci-

dence, the biology of this tumor is poorly understood.

The World Health Organization classifies all medullo-

blastomas as grade IV given their potential for aggressive

behavior. However, these tumors vary widely in terms of
associated clinical outcomes. Risk stratification strat-
egies that place patients into standard- and high-risk
groups show 5-year survival rates of roughly
86(+9)% and 40%, respectively.>* Factors associated
with increased risk include age <3 vyears, residual
disease following surgical resection, and metastatic
disease at presentation. However, clinical staging does
not always accurately predict tumor behavior in the indi-
vidual patient. Current treatment strategies, while often
curative, frequently result in significant lifelong debilita-
tion, and the limited predictive power of the 2-tier strati-
fication system likely significantly contributes to overall
patient morbidity, given that some patients with less ag-
gressive tumors are likely overtreated.’ Histologic classi-
fication has also been shown to correlate well with
patient outcome.®”® However, the value of such
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schemes is limited due to the relative rarity of anaplasia
in medulloblastoma,” limited tumor sampling, and het-
erogeneous tumor histology. There is currently an
effort in the field to subclassify medulloblastomas
based on molecular profiling (as most recently summar-
ized by Taylor et al'?); however, these new schemes have
yet to be translated into clinical practice.

Molecular and cytogenetic studies have uncovered
several markers associated with patient outcome inde-
pendent of clinical staging.”!''"'* More recently,
changes at the genomic level have been implicated,
with gain of 6q being associated with a poor prognosis
and loss of 6q or monosomy 6 (also noted to have altera-
tions in the Wnt signaling pathway) having the opposite
effect.’>'® Isochromosome (i)17q, the most frequent
cytogenetic abnormality seen in medulloblastoma (esti-
mated in 20%—-50% of cases), has also been associated
with a poor prognosis;'*'®~' however, not all studies
have found this association to be significant.”**! This al-
teration has also been reported to be correlated with
higher-grade tumors and anaplasia;>>** as such, it
remains unclear whether this represents a statistically in-
dependent prognostic marker.

Isochromosome 17q is usually not a true isochromo-
some with rearrangement breakpoints at the centromere
but is most often a chromosome with 2 centromeres (iso-
dicentric) in close proximity and rearrangement break-
points mapping to the low copy repeat (LCR) REPA/
REPB region of chromosome 17p11.2; the resulting
idic(17)(p11.2) has been proposed to be a tumorigenic
event.”"** Several groups have verified this site as the
most common rearrangement breakpoint hotspot using
a comparative genomic hybridization array.'®*%?” The
REPA/REPB region is comprised primarily of LCRs
that are prone to non-allelic homologous recombination
(NAHR) and thus deletions, duplications, and inver-
sions.”®?” The mechanism of rearrangement leading to
i17q, based on NAHR, was described by Barbouti
et al,’® although subsequent models have also been pro-
posed.>! Thus, while i17q is seen in other malignan-
cies,>” it appears that this rearrangement may be
specific  to medulloblastomas when considering
primary brain tumors. As such, it may be a useful diag-
nostic marker, as it is not present in histologically similar
tumors, such as CNS primitive neuroectodermal tumors
(PNETs) and atypical teratoid/rhabdoid tumors (AT/
RTs).*?

The broader category of tumors revealing i17q has
been studied for some time; however, no investigation
regarding the specific idic(17)(p11.2) chromosomal re-
arrangement has been performed in a clinically relevant
setting to date. Furthermore, studies have shown that
i17q may be heterogeneous, potentially representing
the result of tumor evolution, while idic(17)(p11.2) is
a reproducible, possibly tumorigenic event occurring
by a specific mechanism. We hypothesized that
idic(17)(p11.2) is a unique biological event the presence
of which may have clinical ramifications. Current techni-
ques commonly used for genomic and molecular ana-
lyses can be either expensive or time consuming,
require fresh tissue, or cannot distinguish tumor from
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nontumor tissue. Clinically, the gold standard technique
is to identify i17q by karyotype analysis, although other
methods, including fluorescent in situ hybridization
(FISH), are becoming routine. The identification of
i17q and other biomarkers are becoming more
common in pathologic assessment of medulloblastoma.
However, clinical implementation of an i17q assay is
not currently standard of care, as the threshold of con-
vincing data has yet to be reached.

In this study, we apply a novel FISH assay to identify
both idic(17)(p11.2) and other forms of i17q on
formalin-fixed, paraffin-embedded samples. In a
blinded fashion, we first demonstrated that this assay is
both sensitive and specific for the identification of
idic(17)(p11.2) and other forms of i17q in specimens
archived for as long as 25 years. This test was then per-
formed on 58 consecutive cases from the archives of
Washington University in St. Louis, and the presence
of idic(17)(p11.2) and i17q in medulloblastomas was
compared with clinical outcome in high- and
standard-risk patients. Our data demonstrate that the
presence of idic(17)(p11.2) substratifies standard risk
(SR) patients by identifying those that are more likely
to have a tumor recurrence. Our findings are also in
agreement with previous reports that i17q is a marker
of poor outcome, independent of histology.

Materials and Methods

Validation Study Samples

Seventeen patients were selected from the archives of
Texas Children’s Hospital (TCH) based on a diagnosis
of medulloblastoma and the presence of a known karyo-
type. These patients were selected by the staff of TCH to
have a proportion of i17g-positive and -negative cases
based on cytogenetic analysis.

Selected tissue blocks from these cases were provided
from the archives of TCH without patient identifiers.
Slides were prepared for hematoxylin and eosin, immu-
nohistochemistry (IHC), and FISH analyses. The FISH
analysis was conducted first in a blinded fashion (ie.,
no knowledge of tumor subtype, karyotype, or clinical
data). Subsequently, all slides were reviewed by 2 of
the authors (A.P. and G.B.W.) to verify the diagnosis
of medulloblastoma. IHC stains for INI-1 (BAF-47)
were also performed to rule out the possibility of a mis-

diagnosed AT/RT.

Study Set Cobort

Patients were selected based on a diagnosis of medullo-
blastoma from the archives of Washington University
in accordance with an approved institutional review
board protocol (#201104083). Patient identification
was made from the electronic records database for the
years 1989 to 2008. All cases identified in the search
were enrolled in this study. A review of all medical,
radiologic, and pathologic reports was conducted. SR
patients were identified by a documented lack of residual



disease, a lack of drop metastases in brain and spinal
MRI status postsurgical resection, and negative CSF cy-
tology. Only a single case in this cohort had residual
disease <1.5 cm?. This patient underwent a second sur-
gical resection, resulting in complete resection, and is
subsequently still in remission. High-risk (HR) patients
typically had either residual disease or drop metastases
(as reported in postsurgical or radiologic reports).
Patient age was not used as an identifier of high risk
given conflicting literature.>*3°

Exclusion Criteria (Study Set)

Selected patients had to have complete surgical path-
ology reports and medical records (including staging
spinal MRI). Furthermore, patients were required to
have either clinical follow-up until recurrence or a
minimum of 5 years if in remission (disease-free).

Histology

Histologic variants were recorded for each case based on
the surgical pathology reports and slide review. The des-
moplastic variant required a nodular growth pattern
demonstrating intranodular maturation (presence of
neuropil and neurocytic cells) with reticulin-rich inter-
nodular regions composed of primitive-appearing cells.
Anaplasia was defined by a more than just focal presence
of enlarged cells with bizarre hyperchromatic nuclei
(anaplastic features) and/or oval vesicular nuclei with
macronucleoli (large cell features).

Molecular Subtyping

Molecular subtyping was conducted by IHC analysis.
Established clinical histologic protocols were used to
identify Wnt activation and sonic hedgehog (SHH) sig-
naling alterations (identified by nuclear B-catenin and
internodular cytoplasmic GAB1 reactivity).®” An
attempt was also made to classify groups C and D
based on the protocols published by Northcott et al*®
using NPR3 and KCNAT1 antibodies to identify groups
C and D, respectively. Unfortunately, we found NPR3
to lack adequate sensitivity for reproducible antigen de-
tection and KCNAT1 to lack specificity for the group D
subtype. For these reasons, neither of these latter IHC
stains was used in the subsequent analyses. All cases
were also screened for MYC amplification using com-
mercially available, clinically validated FISH probes
(Abbott Molecular).*”

FISH Assay

Human BAC and fosmid DNA-based FISH probes flank-
ing the REPA/REPB region of chromosome 17p11.2
were fluorescently labeled as previously described
using a direct-labeling method.?”>* The assay was per-
formed with clones RP11-970014 (GenBank accession
number AC005722) and CTC-457L16 (AC003957),

mapping to regions proximal (centromeric-green) and
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distal (telomeric-red) to the chromosome 17p11.2
breakpoint region. For cases suspected to carry an i17q
with breakpoints outside the REPA/REPB region, a
second probe set was used and contained the telomeric
17p11.2 probe (above) paired with a probe on
17q24.3, utilizing BAC RP11-16919 (AC060771).
These cases showed a loss of one set of flourophores
per cell with the test probes (see Fig. 1D). The labeled
probes were hybridized to slides containing deparaffi-
nized tumor tissue samples, using previously published
protocols.>?*

Signal Quantification

An approximate ratio of green:red flourophores was
achieved by scoring 200 cells/signal clusters, and the
presence of 2—-3:1 signal ratios in greater than 20% of
the cells was considered a positive test. Signals were
also scored with the image] imaging software*' for an
unbiased quantitative analysis (see Supplementary data
and Fig. 1E).

Results

Validation Assay

Seventeen cases from TCH with a diagnosis of medullo-
blastoma and a known karyotype were retrieved for
FISH studies. All patient information, including clinical
history, surgical pathology, and karyotype, was blinded
during the study. FISH probes flanking the REPA/REPB
region and a telomeric 17q probe were used to identify
i17q in cases with and without the common rearrange-
ment, respectively (Fig. 1). After analysis of the FISH
data was completed, surgical pathology reports and kar-
yotypes were reviewed. The FISH-based assay was able
to correctly identify the presence or absence of i17q in
16 cases, with the one exception being a false negative
(Fig. 1E and F). Eight of the cases were identified as posi-
tive in the assay: 7 with the characteristic isodicentric
pattern and 1 with i17q with breakpoints outside the
REPA/REPB region. In this case, the ratio of green:red
was 1:1 using the REPA/REPB probe set, but the
signal number was aberrant with one copy of each per
cell. Subsequent FISH with a control probe on 17q con-
firmed the presence of i17q. Therefore, using karyotyp-
ing as the gold standard, our test sensitivity for FISH
was 88%, while the specificity was 100%.

Study Set

Identified from the archives of Washington University
were 58 consecutive medulloblastomas with an asso-
ciated minimum of 5 years clinical follow-up, complete
surgical pathology records, and adequate formalin-fixed
tumor material in paraffin-embedded tissue blocks
(Table 1 in the Supplementary data). The mean and
median cases were from the year 2000. The mean
follow-up time was 120 months (10 y). FISH was
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Fig. 1. (A) Schematic of chromosome 17 and the formation of idic(17)(p11.2). The figure on the left represents the archetypal chromosome,
as well as the location of the probes from the FISH assay. The REPA/REPB region is located in chromosome 17p11.2, and is the likely site of
NAHR, resulting in the isodicentric chromosome. The FISH probes flank this region. The figure on the right represents idic(17)(p11.2), as well
as the resulting fluorophore hybridization locations. (B) An example of a negative test in this assay, with a 1:1 ratio of green:red signals,
which frequently appears as yellow fusion signals due to the close proximity of the two probes. (C) An example of a positive test result.
There is a 3:1 ratio of green:red flourophores, with a doubling of the green signals and loss of the red signal in the isodicentric
chromosome. Occasionally, the chromosomal breakpoint within chromosome 17p11.2 is close enough to the centromeric green
hybridization location that the doubling effect is not seen, resulting in a 2:1 green:red signal ratio. (D) A 1:1 green:red fluorophore ratio
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performed on all cases using the REPA /REPB probes for
the common rearrangement. Interpretable results were
obtained in 55 cases (95%). When i17q was suspected
due to aberrant signal numbers per cell but the initial
test was negative because of rearrangement breakpoints
outside the REPA/REPB region, the paired 17p/17q
probes were used for i17q confirmation. These findings
were then compared and correlated with patient
outcome, histologic type, and tumor staging.
Treatment information was available in a majority of
cases. Seventy percent of cases in the SR group with in-
formation available received the current recommended
dose of 23.4 Gy of cranial and spinal radiation.

Our medulloblastoma study cohort had S-year
overall survival (OS) and disease-free survival (DFS)
rates of 60% and 53%, respectively, similar to prior
reports.»15*2=% Overall survival in the cohort is
represented in Fig. 2A. Based on clinical staging, 44
patients (76%) were considered SR, while 14 (24%)
were in the HR group. The 5-year OS in the SR group
was 77%, consistent with the current literature,’
despite the changes in treatment regimen over the years
encompassed in this study (1989-2008). The S5-year
DFS in the SR group was 69%. The HR group had a
5-year OS of only 15%. Kaplan—Meier analyses for
both HR and SR groups show a clear difference
between the 2 groups (log rank, Wilcoxon P < .001)
(Fig. 2B). Seventeen cases (29%) were diagnosed as the
desmoplastic medulloblastoma variant, while only 4
(7%) qualified for the anaplastic and/or large cell desig-
nation, frequencies compatible with the literature.”*>*
Within the first 2 years of diagnosis, 3 patients died of
treatment-related complications, including sepsis,
stroke, and secondary brain tumor (glioblastoma multi-
forme). The mean and median ages of our cohort at pres-
entation were 10.4 and 7.5 years, respectively, with a
range of 3 months to 35 years. Only 3 patients presented
after the second decade of life. Ten (17%) of our patients
were under the age of 3. Of these, 5 presented with me-
tastases or unresectable disease, an observation compat-
ible with other reports.*® Therefore, while comprising
less than a quarter of all patients, this subset accounted
for half of all presentations with metastatic or unresect-
able disease. A favorable outcome was seen in patients
without these high-risk features.

Molecular Subtypes and Known Prognostic Variables

Six patients (14%) showed nuclear B-catenin activity,
consistent with Wnt activation. One of these patients
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recurred shortly after resection, but a postsurgical
spinal survey was not completed, barring this patient
from the SR group. The remaining 5 cases are currently
in remission. Despite this, Wnt activation was not sig-
nificantly associated with better outcome in the SR
group, although there is a noticeable trend (see
Supplementary material, Fig. S1A). The inability to
reach statistical significance is likely due to a paucity
of Wnt-activated patients in a cohort that has good
outcome overall.

SHH alterations were identified in 20 cases, compris-
ing 21% of HR patients and 39% of the SR group.
Despite overrepresentation in the SR group, there is no
significant difference in outcome between the SHH and
other molecular variants (see Supplementary material
Fig. S1B), consistent with the current literature.

MYC amplification was identified in 5 patients within
our cohort. Two were in the HR group (14%) and 3
were in the SR group (6.8%). Despite a paucity of
MYC-amplified cases, those with this feature had signifi-
cantly worse outcomes than those without it (see
Supplementary material, Fig. S1C).

Isochromosome 17q FISH

Chromosome 17 abnormalities were identified in 14
(24%) cases. Of these, 10 (71%) had the common
idic(17)(p11.2) pattern resulting from breakpoints in
the REPA/REPB LCR region, consistent with prior
studies.'® Three cases had i17q with chromosomal
breakpoints centromeric to the common rearrangement,
and one showed 17p loss. These cases had 5-year OS and
DFS rates of 50% and 36 %, respectively. In comparison,
cases that were negative for chromosome 17 alterations
had 5-year OS and DFS rates of 63% and 52 %, respect-
ively. These data (for the cases without chromosome 17
abnormalities) included cases with mortality due to
complications rather than disease recurrence. Figure 3
illustrates a Kaplan—Meier plot comparing outcome in
i17q-positive and -negative cases. While a trend in
outcome is observed in this analysis, with i17q-positive
cases having a poor prognosis, statistical significance is
not attained (log-rank, Wilcoxon P =.085, .071).
Nonetheless, this trend appears consistent with recently
published results.>'® Mean DFS was 50.3 months
(95% CI, 19.9-80.6 months) for patients with i17q
compared with 111.4 months (95% CI, 84.4-138.4
months) for patients lacking i17q. Limited cases with
i17q presence precluded comparisons of overall survival
(see Supplementary material, Fig. S2).

can be seen in i17q with breakpoints centromeric to the REPA/REPB region, but the presence of only one pair of signals in most nuclei is
suspicious for a rearrangement. In such cases, i17q is confirmed with a second FISH probe pairing with the green fluorescently labeled probe
hybridizing to distal chromosome 17q (right image). (E) Validation set results. ImageJ) was used to analyze 17 cases from TCH in a blinded
fashion. Thousands of green and red signals were counted per case, resulting in the ratios shown. Those with statistically significant increased
ratios were considered positive. Most positive cases had ratios in the 1.5-2.5 range, while all the negative cases had overall ratios very close
to 1.0. (F) Validation set results (unblinded). Patient 4 is the false negative in our test. Patient 17 had an abnormal signal pattern (1:1 ratio of
signals, but a single signal set per cell as seen in Fig. 1D), suggestive of i17q but a normal ratio by our assay. i17q was confirmed with a

second set of 17p and 17q probes.
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Fig. 2. Study set results. (A) Disease-free and overall survival in 58 consecutive cases from BJH, illustrated in a Kaplan—Meier plot. The mean
DFS and OS in all patients are 112.2 and 114.5 months (9 y), respectively, reflecting the good response most patients have to treatment. (B)
Comparison of overall survival in the high-risk (HR) and standard-risk (SR) groups (log-rank, Wilcoxon P < .001). The HR group had a mean
survival time of 25.8 months (95% Cl, 8.3-43.7 months), compared with 152.9 months (95% Cl, 127.6—178.4 months) for the SR group.

Interestingly, the majority of patients with the
common idic(17)(p11.2) chromosomal rearrangement
presented as SR patients, while those that had noncom-
mon chromosomal breakpoints tended to fall in the HR
group (3 of 4 cases). Of the 4 cases with chromosome 17
alterations not involving the REPA/REPB region, 3 pre-
sented with unresectable and progressive disease; 1 was
in the SR group and has been in remission for 160
months. One HR i17q case additionally harbored
MYC amplification. Unfortunately, there were insuffi-
cient case numbers to directly compare outcomes in
idic(17)(p11.2) cases with those presenting with other
forms of i17q.

Idic(17)(p11.2) in Standard-Risk Patients

Within the subset of SR patients, those with
idic(17)(p11.2) had worse outcomes than those who
lacked the rearrangement, with 5-year OS and DFS of
66% and 44 %, respectively, compared with 78% and

836 NEURO-ONCOLOGY + suLY 2012

75%. Kaplan—Meier analyses between idic(17)(p11.2)-
positive and -negative SR patients demonstrate a signifi-
cant difference in outcome between these groups
(log-rank, Wilcoxon P =.014 and .006) (Fig. 4). The
mean DFS of SR patients with idic(17)(p11.2) was
63.3 months (95% CI, 25.6-101.1 months) compared
with 148.8 months for the negative group (95% CI,
123.8-173.8 months).

Recent studies have suggested that patients with aber-
rant Wnt signaling have a favorable prognosis compared
with other molecular subtypes of medulloblastoma.®®
Because patients with i17q (and subsequently
idic(17)(p11.2)) are molecularly distinct from this
subtype, it could be argued that our findings are a
result of selection bias. However, the prognostic value
of idic(17)(p11.2) detection remains even if all cases
with Wnt signaling abnormalities are omitted from ana-
lysis (P <.05, .02 log-rank, Wilcoxon, see
Supplementary material, Fig. S3). Similarly, there was
little overlap between idic(17)(p11.2)-positive cases
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Fig. 3. Association of i17¢q in medulloblastoma with DFS. Similar to
other published studies, i17q was associated with more frequent
recurrences and shorter disease-free intervals. Although a trend is
observed showing a worse outcome for positive cases, it
approaches but does not meet statistical significance (log-rank,
Wilcoxon P = .085, .071, respectively). Mean DFS was shorter in
the positive group at 50.3 months (Cl, 19.9-80.6 months)
compared with 111.4 months (Cl, 84.4-138.4 months) in the
i17g-negative group. Assessing the effect of i17q on OS was
difficult given the number of (see Supplementary material, Fig. S2).

and tumors with other molecular features—there was a
single case in the SR group of the SHH subtype, and
no overlap with MYC amplification. Thus, MYC ampli-
fication cannot explain the decreased DFS in
idic(17)(p11.2)-positive patients.

To further demonstrate the independent prognostic
significance of idic(17)(p11.2), a multivariate analysis
was conducted using the Cox proportional hazards
model, controlling for suspected confounding variables
such as clinical risk group, MYC amplification, and des-
moplastic subtype. The resulting analysis supports
idic(17)(p11.2) as an independent prognostic factor
(P =.004) (see Table 1).

Histologic Subtypes and i17q Status

Histologic variants of medulloblastoma are known to
correlate with prognosis. Our study suggests that the
desmoplastic subtype may be associated with a favorable
prognosis when comparing all risk groups but that it
may not be an independent prognostic variable (see
Supplementary material, Fig. S4). Not surprisingly, all
4 anaplastic/large cell medulloblastomas had poor out-
comes with metastatic disease at presentation, subse-
quent disease progression, or died of complications
secondary to treatment. While this is in agreement
with previous studies, we did not have enough patients
in this cohort to draw any firm association between ana-
plasia and high-risk disease. Nevertheless, none of these
patients survived beyond 2 years from diagnosis.

Of interest, none of the idic(17)(p11.2)-positive cases
were identified as desmoplastic or anaplastic variants, a
finding consistent with previous reports.*®*” Of the non-
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Fig. 4. idic(17)(p11.2) in the SR population. The presence of
idic(17)(p11.2) correlated with more frequent and earlier
recurrences within the SR group (log-rank, Wilcoxon P =.014,
.006). The mean DFS in cases with the idic(17)(p11.2)
chromosomal rearrangement was significantly shorter at 63.3
months (95% Cl, 25.5-101.1 months) compared with 148.8
months (95% Cl, 123.8-173.8 months) for those without.

idic(17)(p11.2) i17q patients, one was classified as ana-
plastic and another as desmoplastic.

Discussion

Although numerous molecular markers have now been
identified as potential aids to diagnosis and treatment
of medulloblastoma, the current standard of care risk-
stratification schemes rely entirely on clinical and radio-
logic findings. Isochromosome 17q, along with other
molecular markers such as MYCC, chromosome 6q de-
letion/monosomy 6, and 6q duplication status have
been shown to be potentially useful. However, they are
not currently used routinely to improve patient stratifica-
tion schemes, likely reflecting a number of limitations;
many studies promoting these markers have failed to
take clinical information into account, present contra-
dictory data, and/or result in findings that are irrelevant
for patient management. As an example, MYC amplifi-
cation, while associated with a poor prognosis, is asso-
ciated mostly with anaplastic histology, a feature
already associated with poor prognosis; also, it is rare
overall (5%-10% of medulloblastomas), such that it
would identify only a very small percentage of cases
that were not already classified as high risk.*> Even
with the current clinical scheme, however, controversial
issues remain. For instance, children aged <3 years trad-
itionally fall into the HR category, although many clin-
icians do not treat them as such because they hope to
avoid the unacceptable neurotoxicity of craniospinal ir-
radiation at this age. Furthermore, there is increasing
skepticism as to whether all patients <3 years should
be placed into the HR category.>*=*¢ Our data support
this notion, as patients who lacked residual disease or
metastases at presentation shared a favorable prognosis
similar to that for SR patients >3 years of age.
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Table 1. Multivariate analysis of suspected prognostic variables across all patients

Variable Value Standard error P Hazard ratio Hazard ratio lower Hazard ratio upper
bound (95%) bound (95%)

idic(17)(p11.2) —1.592 0.560 .004 0.204 0.068 0.610

MYC amplification —1.299 0.628 .039 0.273 0.080 0.935

Risk group —2.878 0.482 <.0001 0.056 0.022 0.145

Desmoplastic histology 0.629 0.522 228 1.875 0.675 5.214

A Cox proportional hazards model was used to compare suspected prognostic variables. The “value” represents the regression coefficient.
As expected, the best predictor of outcome (measuring DFS) is clinical risk stratification. Other significant independent predictors are the
presence of idic(17)(p11.2) (P = .004) and MYC amplification (P = .039). Note: anaplastic histology was not included because these rare
tumors were almost exclusive to the HR patient group, and thus would not appear as an independent variable. Similarly, Wnt activation

was rare and almost exclusive to the SR group.

A new finding from our study is that the presence of
idic(17)(p11.2) may identify a significant subset of SR
patients who are more likely to recur or fail to respond
to treatment. If the presence of idic(17)(p11.2) can
predict early recurrence in SR patients, it could be used
to identify patients who could potentially benefit from
additional treatment, but more importantly identify
patients (those negative for the rearrangement) who
may potentially be treated less aggressively in an effort
to reduce the long-term sequelae of cranial and spinal ra-
diation therapy. Our FISH-based assay is both sensitive
and specific for the rearrangement, relatively quick and
inexpensive to perform, requires little tissue, can be per-
formed on tissue already prepared for standard patho-
logic examination, and can be used in archived cases
(including some cases >25 y). By isolating a specific
and most common form of i17q, we hope to have clari-
fied the prognostic value of idic(17)(p11.2), particularly
in the SR patient group. It is feasible to suggest that risk
stratification systems change to reflect current molecular
data, as has been proposed by several groups, most re-
cently by Ellison et al.'?

What the presence of idic(17)(p11.2) means for the
mechanisms and pathologic processes that result in
tumor formation is vague and warrants further study.
However, some associations can be made with what is
known about the histologic variants of medulloblastoma.
These variants are thought to reflect different underlying
biological processes, as the current literature suggests that
alterations of canonical cell signaling pathways are inher-
ent to these tumors, with the desmoplastic variant typic-
ally showing alterations in SHH signaling and a subset
of the “classic” type showing alterations in Wnt signal-
ing.**=°Y Our data suggest that idic(17)(p11.2) tumors
are a unique medulloblastoma variant with classic hist-
ology and a potential causative mutation (the LCR-
mediated NAHR), while other forms of i17q may be a
result of tumor evolution. As expression microarrays
have shown that many of these tumors fall into the
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group C and group D families of medulloblastomas, it
would be interesting to see how these patients fare com-
pared with others in the same group and whether this re-
arrangement is responsible for the patients who fail to
respond to therapy in these groups.*®

In conclusion, the presence of idic(17)(p11.2) in
medulloblastoma may indicate a unique variant of the
disease with classic histology. Based on a series of 58
consecutive cases, patients with this rearrangement
tend to present in the SR group and are significantly
more likely to recur after resection than other SR
patients. The implementation of a FISH-based assay,
shown here to be both sensitive and specific for the re-
arrangement, may be a clinically useful tool in substrati-
fication of the standard-risk population.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Journal online (http://neuro-oncology.oxfordjournals.

org/).
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