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‘Preoparative assessment of serum DCR2 methylation
status can be a potent prognostic factor in patients with
neuroblastoma, even in those without'a MYCN gene am-
plification (MNA). Notably. this serum DCA2 methylation
assay allows us 10 neuroblastoma cases with
mmmmwﬂmﬁrﬁmm
monitoring of the sarum DCR2 methylation status can
uammmwmbm-
methylated cases. The method is also noninvasive, rapid,
and sensitive, raquiring only 200 uL of serum, regardless
of tmor stage. In addition, our established serum DCR2
methylation assay may.allow the new risk strafification of -
patients with non-MNA neuroblastoma in future trials, i.e.,
nmhﬁwmﬂnmwdm
therapy or 1o evaluate a novel therapy, especially in patients
Mﬂrmwmnhmmwﬁlmm >

homozygous deletions or hemizygous deletions and mutations
(11-13). Furthermore, some types of aberrant hypermethyla-
tion were shown to be useful as predictors of poor prognosis
(13, 14). In neuroblastomas, several tumor suppressor genes
have been shown to be silenced by aberrant hypermethylation
of their promoters. Examples of such genes are CASP8 (15-17),
RASSF1A (18-20), HOXA9 (14), NR1I2 (21), CCND2 (14),
14.3.3¢ (18), and DCR2 (15, 16, 18, 22). A positive correlation
has been found berween hypermethylation of the promoters of
these genes and poor prognosis, suggesting that hypermethy-
lation influences the phenotype of neuroblastoma (15, 18).

DCR2 (decoy receptor 2) is a tumor necrosis factor-a
receptor superfamily gene that is located on 8p21 (18, 22).
DCR2 is negatively associated with tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL)-induced apoptosis
because it lacks an intracellular death domain. DCR2 is
ubiquitously expressed in normal tissue, where it prevents
apoptosis (22). However, DCR2 expression was found to be
silenced because of aberrant methylation of its promoter
regions in some cancers (23). In neuroblastoma, the methyl-
ation profile of DCR2 has been found to be drastically different
and independent of MYCN status (16, 18, 22). Moreover,
DCR2 methylation was found to be associated with rapidly
progressing tumors and reduced overall survival (18).

Quantification of serum DNA has been proposed as a
screening tool for the early detection of lung cancer (24), and
several groups have reported the clinical utility of circulating
DNA in serum for genetic assessment of malignant tumors
because serum DNA predominantly originates from wmor-
released DNA in patients with cancer (24, 25). Our group
previously reported a highly practical assay for the evaluation of
MYCN status using serum DNA, which enables neuroblastoma
with MNA to be distinguished from non-MNA neuroblastoma
prior to tumor resection (26). Subsequently, we need to find an
additional serum DNA-based marker 1o identify patients with
poor prognosis even in non-MNA cases.

Recently, the detection of tumor-derived methylated genes in
serum DNA has attracted attention as a novel marker because of
their prognostic value and rapid accessibility as compared with
tumor DNA (27-31). We hypothesized that the detection of
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aberrant methylation of DCR2 in serum DNA could be a useful
biomarker for predicting prognosis and therapeutic efficacy for
patients with neuroblastoma, even in non-MNA cases because
the methylation of DCR2 in neuroblastoma was found to be
independent of MYCN status. Therefore, we aimed to establish
a serum DNA-based assay for evaluating the methylation
status of DCR2, and to assess its clinical utility.

d with bl at the
Hospital of Kyoto Prefectural University of Medicine were enrolled onto
this study with the informed consent of their parents. Eighteen of the
patients had MNA neuroblastoma, and 68 patients had non-MNA
neuroblastoma, as determined by Southern blotiing or fluorescence
in situ hybridization. According to the Intemational Neurobl
Staging System (2), the 86 patients consisted of 37 in stage 1, 11 in stage
2A or 2B, 2 in stage 4S5, 9 in stage 3, and 27 in stage 4, whereas the 68
patients in the non-MNA group included 34 in stage 1, 11 in stage 2A
and 2B, 2 in stage 45, 7 in stage 3, and 14 in stage 4. The patients in
stages |, 2A, 2B, and 3 at <18 mo of age were categorized as the low-risk
group, whereas the other patients who were in stage 3 at 218 mo
of age, and patients in stage 4, were categorized as the high-risk group
(Table 1}, The serum and mor samples Wu't linked 10 clinical and
biclogical information and the lab igators were blinded
o mm data. Twenty of the control sera u.mpln were also obtained
from healthy volunteers who did not have any known diagnosis of
malignant disease.

Cell lines, tumor samples, and serum preparation. Five human
neuroblastoma cell lines (IMR32, GOTO, KP-N-RTBM1, SK-N-AS, and
KP-N-SIFA) were used in this study. Each had been established from a
surgically resected tumor or tic bone ple, and
maintained as described previously (32). These cells were cultured with
or without 1 pmol/L of 5-aza 2'-decxycytidine (Sigma) for 5 days, and
then harvested and used for DNA and RNA isolation (21). Primary
tumor samples were obtained at surgeries which were done at the

Subjects. Fighty-six children diag

Tubhdwl:!ﬁﬂﬂ nd_bldmkal gmmm of
mm uo. %

Gender

Male 50 58
Female 36 42
Age

<18 mo 62 72

>18 mo 34 28
Mass screening

+ 49 57

- a7 43
Stage (INSS), in MNA(-) group (n = 68)

1 37 (34) 43 (50)
2A, 28 11 (11) 12.7 (16)
3 9{(7) 10 (10)
4 27 (14) 31(21)
45 2(2) 2.3(3)
MYCN

Amplification 18 21
Nonamplification 68 79
NOTE: Values in parentheses show the number of the patients
targeted in the non-MNA group.

Abbreviation: INSS; International Neuroblastoma Staging
System.
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12 Fig.1. D 1of DCR2 p aberrant methy A i 1 analysis
of DNA from five neuroblastoma cell ines and from sera from five normal donors.
- T | Neuroblastoma cell line DNA was extracted from 200 uL of culure supematant from
® each neurok cell fine. Salmon testes DNA was used as a carrier DNA for
08 DNA extraction from serum as described in M, Is and Methods. B, reverse
§ transcription-PCR analysis of DCR2 mRNA expmmn in five neuuhlaswm cell
& 06 lines and three normal donor, bone marmow samples. Glyceraldehyde-3-phosph
g dehydrogenase (GAPDH) was used as a loading control. C. combined bisulfte
lysis for the of the specificity of our established DCR2
§ 04 methylation analysis. Methylated-DCR2 sequence which contained & "CGCG™
could be di d by BstU1, wh the hylated-DCA2Z sequence
= 02 could not be affs dk all hylated ware into uracils
after bisulf . O sequential analysis of DCA2 M/R matio in the diluted
a sample containing DCA2-methylated DNA. A series of diluted DNA from the
RTBMI IMR32 call ine with that from normal healthy donor were prepamed. £ influsnca of
enll culture mechum leukocyts contamination in serum on the serum DCA2 M/R ratio. The primer sat
ey saquences usad are shown in SupplementaryTable S1. Full-length gels are
fems presented in Supplementary Fig. $2,

Hospital of Kyown Prefectural University of Medicine from 1980 to
2007, and stored at -80°C. Patient’s serum samples were stored at
-20°C. For DNA isolation, serum was centrifuged at 15,000 rpm for
10 min or filtered with a 0.45-um filter (Kurabo Industries, Ltd.) o
remove leukocytes.

Reverse transcription-PCR. RNA was exracted from cell lines and
used for reverse transcription-PCR as reported previously (32). Briefly,
total RNA was extracted from cell lines using the QlAamp RNeasy
Protect Mini kit (Qiagen, GmbH), and reverse-transcribed 1o synthesize
c¢DMNA using the Superscript First-strand Synthesis System for RT-PCR
(Invitrogen), according to the manufacturer’s instructions. Bone
mammow samples were obtained from a healthy donor for use as a
positive control for the expression of DCR2. Glyceraldehyde-3-
phosphate dehydrogenase ¢cDNA was also amplified for use as a

www.aacrjournals.org

7013

loading control, as described previously (33). Primers for amplifying
the DCR2 ¢DNA and GAPDH c¢DNA are shown in Supplementary
Table 51.

DNA preparation and methyl Iysis. DNA was extracted with
a Qmmp DNA Mini kit (Qla.gen] as per the manufacturer’s protocol.
For serum DNA extraction, we used 200 pL of stored serum, which
contained 1 pg of salmon testes DNA (Sigma) as a carrier DNA. To
investigate the methylation of DNA. genomic DNA were treated with
sodium bisulfite by using an EZDNA methylation kit (Zymo Research)
following the manufacturer’s protocol, and subjected to methylation-
specific PCR using the appropriate primer sets. Based on the sequences
after bisulf: it, we designed methylation- and unmethylation-
specific PCR primers, which recognize sequences unique 1o the
methylated and unmethylated alleles, respectively, as shown in
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Supplementary Table S1. Primers were also designed for a €

sequence in the DCR2 promoter which is not affected by DNA
methylation. To increase the sensitivity and specificity for the detection
of methylated DNA, we firstly conducted nested PCR with serum DNA
samples and primer sets that could amplify both methylated and
unmethylated alleles, and then real-time PCR was carried out with an
ABI Prism 5700 Sequence Detection System (Applied Biosystems),
using nested PCR products and methylation-specific and reference
sequence primer sets. The DCR2 methylation status was calculated as a
methylated-DCR2 allele copy number/reference sequence allele copy
number (M/R ratio). Standard curves were constructed in each PCR run
with 4-fold serial dilutions containing nest PCR products of KP-N-
RTBM1 DNA. Copy numbers were exp d as the age of wo
measurements. The nested PCR mixture contained Premix Ex Taq HS
version (Takara Bio, Inc), 400 nmol/L of each primer, and 2% of
DMSO. The real-time PCR mixture contained SYBR Premix Ex Taq
(Takara Bio), 200 nmol/L of each primer, and 29 of DMSO. All used
primers are ized in Suppl y Table S1. The nested PCR
reactions were done with one cycle of 95°C for 30 s, followed by PCR
amplification with 20 cycles of 95°C for 30 s, 50°C for 30 5, and 72°C
for 30 5, and one cycle of 72°C for 7 min. The real-time PCR reactions
were done with one cyde of 95°C for 30 s, followed by PCR
amplification with 40 cycles of 95°C for 5 s and 63°C for 31 s.

To assess the specificity of our established methylation status analysis
for the DCR2 promoter region, combined bisulfite restriction analysis
with BstU1 restriction enzyme (New England Biolabs, Inc.) was done
as described previously (34). To determine the sensitivity of the
methylation analysis, IMR32 cell line DNA was diluted with normal
healthy donor DNA from 1:1 to 1:10%, and each sample was done with
bisulfate modification and nested PCR as described before, and then
M/R ratios were calculated. To elucidate the influence of leukocyte
contamination on the serum DCR2 M/R ratio, we added 1 x 10° of
peripheral blood leukocytes to 200 pl of the KP-N-RTBM1 cell
line culture medium supernatant with or without centrifugation at
15,000 rpm for 10 min, or filtered it through a 0.45-um filter, and then
M/R ratios were evaluated using bisulfate-modified DNAs obtained
from each sample.

Statistical methods. Differences between the two groups were
assessed using the x” test. Kaplan-Meier curves were used 1o estimate
event-free survival rates and overall survival rates and were compared
with the use of the log rank statistic (35). The relation of methylation
status between tumor and serum DNA was assessed by simple

egression analysis. Descriptive statistical analyses were done with SPSS
software. P < 0.05 was judged significant.

Established quantitative real-time PCR-based methylation-
specific PCR for the detection of DCR2 promoter methylation.
Methylated-DCR2 was detected in all five neuroblastoma cell
line DNAs we analyzed, whereas no methylated-DCR2 signals
were detected in six healthy donor serum DNAs (Fig. 1A;
Supplementary Fig. S1). In these neuroblastoma cell lines, no
DCR2 mRNA expression was observed; however, induction of
DCR2 expression occurred after a methyltransferase inhibitor
treatment (Fig. 1B). In the DCR2-methylated neuroblastoma
cell line, fragmented bands appeared after BstU1 treatment,
whereas normal healthy donor DNA was not digested by BstU1
treatment (Fig. 1C). The DCR2 M/R ratio gradually decreased
following the serial dilution of IMR32 cell line DNA with
normal human DNA. Furthermore, a DCR2 methylation signal
was detected even in an IMR32 DNA sample diluted to 1:10°
(Fig. 1D). Moreover, an additional centrifugation or filtration
step eliminated cellular contamination, and restored the DCR2
M/R ratio to the same level of the noncontaminated sample
(Fig. 1E). These results suggest that DCR2 expression was
silenced by aberrant hypermethylation of the promoter region,
and show that our real-time PCR-based methylation-specific
PCR method could detect DCR2 promoter aberrant methyla-
tion with high specificity and sensitivity in both the tumor and
serum DNA.

Serum DCR2 methylation status as a predictor of tumor DCR2
aberrant hypermethylation. Of the 80 patients in which
methylation status could be evaluated, both in umor and in
serum obtained before the initial therapy, DCR2 methylation
status showed a significant correlation between mmor and
serum DNA. Especially in patients having DCR2 methylation in
tumor, the M/R ratios of tumor DNA and serum DNA were
strongly correlated (r = 0.67; P = 0.002; Fig. 2), regardless of
the patients having a localized or metastatic tumor. Not

107 1

DCR2M/R ratio InserumDNA 2>

(n=20) {n=61) (n=19)
DCR2 methylation status in turmor DNA

.

Healthy vol Methytation () )

B
L]
g
L

:

&

§ L, °

3 ¥=0.75x + 0.299
§ r=0.67, p=0.002

05 1.0 15

DCAR2 M/R ratio in serum DNA

Fig. 2. A, distribution of serum OCR2 M/R ratio among tumor DCRZ methylation-positive (n = 19) and -negative (n = 61) patients who could be evaluatad for both
mtiwla

tumor and serum DNA obtainad before the initial therapy, and in healthy volunteers (n = 20). Serum DCA2

methylation statuses in wmor. 8, simple "

lysis for the
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tion statuses were significantly comelated with DCR2
DCAR2 M/R ratio in wmor and in serum.
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. yERs 5
 Table 2. Results of x? test for effect of DCR2 -
; nbemlptmethvlatlan on stage and‘Mm in pataents-
Chucachitotios DCR2 P
Methylated Unmethylated
Stage <0.001
Low 6 53
High 18 9
Stage in MNA(-) =0.001
Low 4 49
High 11 4
MYCN amplification 0.04
Amplification [ [
Nonamplification 15 53

surprisingly, DCR2 aberrant methylation signals were not
detected in the sera of 20
healthy volunteers (Fig. 2A). This suggests that the DCR2
methylation status in tumor could be predicted from the serum
DCR2 M|/R ratio.

DCR2 methylation status and clinical outcome. Table 1
shows the clinical characteristics of our cohort. DCR2 aberrant

methylation was detected in 24 of 86 neuroblastoma tumors
(28%). The frequency of DCR2 aberrant methylation in the
high-risk neuroblastoma patient group (n = 27) was signifi-
cantly higher than that in the low-risk group (n = 59; 68%
versus 10%; P < 0.001; Table 2). Especially among the patients
who didn't have MNA (n = 68), the frequency of DCR2
aberrant methylation was also strongly different between the
high-risk group (n = 15) and the low-risk group (n = 53; 73%
versus 8%; P < 0.001). However, in the frequency of DCR2
methylation between patients with MNA and non-MNA (50%
versus 22%; P = 0.04), the difference was not so significant
Figure 3 shows event-free survival and overall survival rates
in DCR2-methylated and unmethylated patients. DCR2-meth-
ylated patients showed significantly poorer 5-year event-free
survival than DCR2-unmethylated patients in the neuroblastoma
group (43% versus 84%:; P < 0.001), especially in the non-MNA
group (12% versus 96%; P < 0.001). Furthermore, DCR2-
methylated patients showed significantly poorer 5-year overall
survival than DCR2-unmethylated patients in the neuroblas-
toma group (55% versus 85%; P = 0.008), especially in the
non-MNA group (56% versus 96%; P < 0.001). These results
indicate that DCR2 aberrant hypermethylation is a useful
biomarker for the prediction of poor prognosis, especially in
patients with non-MNA neuroblastoma.

A all NB group {n=86) B non- MNA NB group (n=68)
DCR2-unmethylated
{n=53)
1 DCR2-unmethylated
(n=82)
2 0.8 o E
w w
B s
> 061 DCRZ-methylated 2 0
= in=24) - DCR2-matnytated
S pa 4 £ (n=15)
8 3
. P<0.001 a0 p<0.001
0 bbbttt dbdedededed () kb d b bttt bed
5 10 15 10 15
years years
c D DCR2-unmathylated
1« (53]
b 2 0.8 4
% .g DCR2-methytated
s 4 0.6 (r=15)
% 0.4 9 g 0.4 o
a 0.2 9 E 0.2
p=0.008 P<0.001
L[ P SRR S 0 bbbt e T T
5 10 15 5 10 15
years years
Fig. 3. Kauh-n—Muuwlehr i with bl g 1o the DCR2 methylation status. A, event-free survival in al patients with neuroblastoma:
A :n-u;ptoom ammmmmmmmmm : methylated (n = 15)lnd|nﬂ¢il\htod{n-53]

Y 4 (n = 24) and
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DCR2 methylation status in serum as an indicator of
therapeutic efficacy and minimum residual disease. To evaluate
whether an increase in serum DCR2 M/R ratio can be used as
an indicator of relapse, we measured the serum DCR2 M/R
ratio at several points in the dinical courses of five DCR2-
methylated patients (Fig. 4). In two patients who were in
complete remission (Fig. 4A and B), the serum DCR2 M/R ratio
decreased to an undetectable level. In contrast, in three patients
who experienced recurrence after remission (Fig. 4C, D, and E),
the serum DCR2 M/R ratio first decreased to an undetectable
level, and increased again by the time of diagnosis. Figure 4E
shows the clinical course of a 3-year-old male neuroblastoma
patient who was categorized, at the onset, as stage 4 with bone
and bone marrow metastasis. His DCR2 M/R ratio at the onset
was 1.87 x 10™ in the tumor and 9.71 x 10™ in the serum, and
then serum DCR2 M/R ratio gradually decreased to an
undetectable level during therapy. The patient was in remission
in August 2005, at which time a bone mammow examination
revealed no tumor clump. However, a DCR2-methylated signal
was detected in the bone marrow sample (Fig. 4E, red box), and
after 1 month, a relapse in bone marrow was disclosed. These
results indicate that serial detection of DCR2 methylation in
serum or bone marrow samples is a highly sensitive indicator of
therapeutic efficacy and relapse in patients with DCR2-
methylated neuroblastoma.

Recenr.ly several studies revealed that epigenetic changes are
likely to influence neuroblastoma phenotype (12, 14-16,
36), although little is known about the role of gene
methylation in the progression of neuroblastoma. Among
the wmor-related epigenetic aberrations detected in neuro-
blastoma tumors, aberrant methylation of DCR2 is of greatest
interest to us because of its prominent prognostic value
(16, 18). Several years ago, Banelli and colleagues reported
that the CpG methylation profiles of CASPS, 14.3.3a, 6Np73,
RASSF1A, and DCR2 promoters were associated with malig-
nant phenotypes of neuroblastoma (18). Especially, the
methylation patterns of 14.3.35, RASSFIA, and the intragenic
segment of CASPB were significantly different between
patients with MNA and non-MNA neuroblastoma, although
the difference of overall survival rates between the patients
presenting methylation or unmethylation of these genes did
not reach statistical significance. Furthermore, aberrant
methylation of RASSFIA was recently detected in all
neuroblastoma tumors, regardless of their phenotype (37).
Aberrant methylation of the DCR2 promoter was also shown
to be a prognostic marker of neuroblastoma, independent of
MNA status. In fact, DCR2-methylated patients showed a
poorer overall survival rate than DCR2-unmethylated patients
(18). However, when DCR2 methylation status was analyzed
only in the non-MNA group, the methylated patients did not
have a statistically poorer survival rate even though the
methylation profiles of DCR2 and RASSFIA were analyzed
together (18). Yang and colleagues showed that high-risk
disease and poor outcome of neuroblastoma were associated
with the methylation of each of DCR2, CASPS, and HIN-1
(16). However, they didn't examine whether DCR2 methyl-
ation could be used to identify poor prognostic patients in
the non-MNA group.
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Detection of aberrant methylated DNA in serum can be
clinically useful for disease screening, diagnosis, prognosis, and
assessing occult disease progression (27-31). If DCR2 meth-
ylation status is associated with the unique biological variables
of non-MNA neuroblastoma, and if it can be detected in
circulating serum DNA, it would therefore be of obvious
clinical value. Furthermore, it would be especially useful for
pediatric cancer patients who cannot easily undergo invasive
examinations. By using real-time-based methylation-specific
PCR with a reference allele located within the same promoter,
we have established a rapid, noninvasive, and quantitative
method for evaluating the methylation status of the DCR2 gene
promoter that requires only 200 uL of serum. In addition,
aberrant methylation of DCR2 in serum DNA was strongly
correlated with methylation status in the tumor (Fig. 2). The
highest sensitivity and specificity between the methylation
status in the serum and in the tumor were obtained with a
nested PCR for amplifying methylated and reference alleles in
serum DNA. Furthermore, we found aberrant hypermethylation
of DCR2 in some patients categorized as having low-risk
neuroblastoma, even though the tumor was localized in these
patients. This suggests that neuroblastomas could release a
methylated DNA into the systemic circulation even at an early
stage of neuroblastoma. Furthermore, our serum-based DCR2
methylation assay can reliably predict DCR2 methylation status
in tumors with high sensitivity and specificity, regardless of
tmor localization. Moreover, among our 86 patients with
neuroblastoma, the DCR2-methylated patients tended to
progress to a higher stage, and to have poorer event-free
survival and overall survival rates than DCR2-unmethylated
patients. Interestingly, DCR2 aberrant methylation was more
strongly associated with poor prognosis among the non-MNA
patients (n = 68, Table 2; Fig. 3). In fact, some cases presenting
DCR2 aberrant methylation proceeded to stage 4 during the
course of the disease, although they were categorized into low-
risk neuroblastoma without MNA at the onset. This suggests
that preoperative assessment of serum DCR2 methylation
status can be a potent prognostic factor in patients with
neuroblastoma, even in those without MNA. Additionally, our
established assay rapidly provides prognostic information that
can distinguish patients with poor outcome from the non-MNA
group, and may allow the new risk stratification of patents
with non-MNA neuroblastoma in future trials.

How epigenetic silencing of DCR2 could result in aggressive
tumor proliferation and poor prognosis of neuroblastoma is
unclear. There is interest in using the death ligand TRAIL 1o
treat malignant tumors because it can induce apoptosis in a
variety of different tumor cells but not in normal cells (38). The
TRAIL-induced apoptosis signal is mediated by specific
interaction with TRAIL receptors DR4 or DRS, respectively,
and involves adapter molecules such as Fas associated via death
domain (39, 40). Downstream initiator caspases, such as
caspases 8 and 10, are activated by TRAIL, and induce apoptosis
either directly or through mitochondrial pathways (38-40).
DCR2, as its name “decoy receptor” suggests, has a dominant-
negative effect against TRAIL receptors because it lacks an
intracellular death domain, and produces a competitive
blockade of TRAIL-mediated apoptosis (39). However, TRAIL
does not induce apoptosis in some cancers, and can even
mediate tumor cell survival and proliferation (41, 42).
Neuroblastoma cells often do not express caspase 8 and are
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resistant to TRAIL-induced apoptosis (17, 43). Furthermore,
TRAIL was found to induce the proliferation of KERRY
neuroblastoma cells (41), possibly because nonapoptotic
signals by TRAIL are mediated by intracellular signaling
molecules, such as nuclear factor-«B via TRAIL receptor DR4
or DR5 (41, 44, 45). Activation of nuclear factor-«B by TRAIL
inhibits apoptosis induction, and inhibition of nuclear factor
kB activation attenuates apoptosis resistance in tumor cells
(41, 42). We infer that DCR2 antagonizes TRAIL-mediated cell
proliferation in neuroblastoma cells, and gene silencing of
DCR2 due to epigenetic aberrations may provide a growth
advantage to neuroblastoma cells that do not express caspase 8.
However, further studies are needed to explain how DCR2
promoter hypermethylation and its silencing of expression
are associated with a poor prognosis and aggressive tumor
proliferation in neuroblastoma.

It is noteworthy that the serum DCR2 M/R ratio could predict
not only the methylation status in tumor, but also the efficacy
of therapy in DCR2-methylated neuroblastoma. Although
tumor-related methylated DNAs in serum have been proposed
for use as prognostic markers in several cancers (25, 27-31),
they have not yet been considered for clinical use as indicators
of therapeutic efficacy or predictors of relapse. In neuroblasto-
mas, a quantitative method for assessing MNA status using
serum DNA (26) is becoming not only an indispensable
diagnostic tool, but also a marker for monitoring therapeutic
efficacy after therapies in patients with neuroblastoma.
However, it cannot be used to assess samples that contain a
large amount of normal tissue, such as a metastatic sample
of bone marrow. This is because every normal cell has one copy
of MYCN DNA, and the copy number ratio of MYCN and
the reference gene is apparently reduced as a result of contami-
nation of normal bone marrow cells. On the other hand, as
DCR2 aberrant methylation is not detected in normal tissue,

and as the serum DCR2 methylation status is closely associated
with clinical course, it can be a useful biomarker 1o predict the
therapeutic efficacy and/or relapse in bone marrow, as well as
being a predictor of poor prognosis. It should also be useful for
close follow-ups of cancer patients, as well as for diagnosis of
pediatric cancer risk classification.

The main concern with the serum DCR2 methylation
method is that the degree of methylation could be under-
estimated if the serum was contaminated with leukocytes.
However, the leukocytes were easily removed in the present
study by centrifugation or filtration. In fact, the effect of added
leukocytes on the DCR2 M/R ratio in serum could be
completely removed by additional centrifugation or filtration
(Fig. 1E). Thus, it is necessary to standardize the serum
collection procedure to ensure that different laboratories obtain
the same results with the given blood samples. Also, our
method needs to be tested on a larger set of patients to confirm
its reliability.

In conclusion, we established a noninvasive, sensitive, and
specific assay for quantifying aberrant methylation of the
DCR2 gene promoter that requires only 200 pL of serum. The
method has promise for predicting prognosis and determining
therapeutic efficacy in neuroblastoma, especially in non-MNA
cases. Furthermore, it might also be useful as a marker of tumor
recurrence in DCR2-methylated cases.
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CLINICAL AND LABORATORY OBSERVATIONS

Low-dose Protracted Irinotecan as a Palliative
Chemotherapy for Advanced Neuroblastoma

Shinya Osone, MD,*{ Hajime Hosoi, MD,* Kunihiko Tsuchiya, MD,* Akiko Misawa, MD*}
Tomoko Iehara, MD,* and Tohru Sugimoto, MD*

Summary: Management of cases of refractory neuroblastoma
remains a challenge. As intensive chemotherapy sometimes
results in severe regimen-related toxicity and poor quality of life,
palliative chemotherapy with modest toxicity may be considered
for these cases. We report 2 cases of stage 4 neuroblastoma with
poor performance status that received low-dose protracted
schedules of irinotecan. This regimen achieved not only disease
stabilization but also dramatic improvements of quality of life
for significant periods. A low-dose protracted schedule of
irinotecan was tolerable even if the patient's performance status
was poor, and thus might be useful as a palliative chemotherapy
for advanced neuroblastoma.

Key Words: neuroblastoma, irinotecan, quality of life, perfor-
mance status, palliative chemotherapy

(J Pediatr Hematol Oncol 2008;30:853-856)

Intensive combination chemotherapy including high-
dose chemotherapy has improved the prognosis of
patients with advanced neuroblastoma.! However, in
refractory cases, long-term intensive chemotherapy some-
times results in severe therapy-related toxicity and
decreases in performance status (PS) and quality of life
(QOL). These patients cannot tolerate myeloablative
chemotherapy with hematopoietic stem cell transplanta-
tion because the therapy-related toxicity might be fatal.
As they have little chance of being cured, palliative
therapy for maintaining good QOL as long as possible is
considered. To this end, regimens that are less intensive
and less toxic, and that protect against tumor progression
are warranted. Although several drugs, for instance
retinoids or low-dose etoposide, have been tried for less
intensive therapy for neuroblastoma,' palliative chemo-
therapy for refractory neuroblastoma has not been
established yet.
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Irinotecan, a camptothecin analog, is a prodrug that
is converted to the active metabolite SN-38 in vivo, and
inhibits topoisomerase 1.2 Its antitumor activity is
thought to be due to interference with S phase-specific
DNA replication.? Although several irinotecan dosing
schedules have been evaluated,® a low-dose protracted
schedule is known to be less myelosuppressive and to
have promising antitumor activity for neuroblastoma.’
This schedule consists of 20mg/m?/d infused intrave-
nously over 1 hour for 5 days per week for 2 consecutive
weeks [(every day x 5) x 2] every 21 days. Kushner et al*
used 5-day courses of irinotecan at 50mg/m?/d as a
palliative therapy for refractory neuroblastoma. How-
ever, the optimal usage of irinotecan for a palliative
setting has not been determined. Here, we report 2 cases
of advanced neuroblastoma with a low-dose protracted
schedule of irinotecan 20 mg/m?/d [(every day x 5) x 2],
Although these cases were heavily pretreated and showed
poor PS due to severe regimen-related toxicity, low-dose
irinotecan not only stabilized the disease, but also
markedly improved the QOL for a significant time.

CASE REPORT

Case 1

A l6-month-old girl was referred to our hospital due to
exophthalmus and a left supraclavicular mass. Blood examina-
tion showed anemia (hemoglobin 8.1g/dL) and elevation of
neuron-specific enolase to 178.8 ng/mL. The levels of urinary
vanillylmandelic acid and homovanillic acid were elevated to
615 and 639ug/g creatinine, respectively. Tumor cells were
present in bone marrow. Abdominal computed tomography
revealed a large para-aortic mass with calcification. Magnetic
resonance imaging of the head showed multiple dural and skull
tumors. A '¥l-metaiodobenzylguanidine (MIBG) scintigram
showed multiple abnormal uptake lesions on the head, neck,
and abdomen. An open biopsy of the supraclavicular mass con-
firmed the diagnosis of stage 4 neuroblastoma without MYCN
amplification. Although she received 4 courses of intensive
induction therapy consisting of cyclophosphamide, cisplatin,
pirarubicin, and vincristine,® she showed no response according
to the International Neuroblastoma Response Criteria (INRC).
A combination of ifosfamide and etoposide also failed because
of ifosfamide-induced Fanconi syndrome. Neither a high dose of
cyclophosphamide combined with doxorubicin and vincristine
nor whole cranial irradiation (30 Gy) prevented tumor progres-
sion. Because she developed pneumatosis intestinalis and
paralytic ileus due to chemotherapy and/or tumor involvement,
she had not been able to eat for 6 months and became

853




Osone et al

| Pediatr Hematol Oncol = Volume 30, Number 11, November 2008

emaciated. Her Lansky PS score’ before starting irinotecan
was 60. Because she could not continue intensive therapy and
had little chance of being cured, we decided to try irinotecan
with a low-dose protracted schedule, The parents gave written
consent for the treatment after being informed of the rationale
for the treatment, the known side effects of irinotecan, and the
possibility of unforeseen life-threatening toxicities including
the worsening of paralytic ileus. Irinotecan was initiated when
the patient was 27 months old. Normally, the administration
of irinotecan [(every day x 5) x 2] was repeated every 3 weeks.
However, when therapy-related toxicities [eg, intestinal
paralysis, infection, myelosuppression (white blood cell count
< 1000/uL), and liver dysfunction (elevation of alanine amino-
transferase or aspartate aminotransferase)] affected her, we
suspended or delayed the irinotecan schedule until recovery
from the toxicities. As a result, 14 of 25 courses of irinotecan
were suspended or delayed. We did not reduce the dose of
irinotecan. During 25 courses of irinotecan over a period of
22 months, the disease remained stable (no response by INRC)
(Fig. 1). Grade 2 transient diarrhea occurred but was tolerable
with the suspension of irinotecan or the use of loperamide. No
abdominal cramps occurred. As her intestinal paralysis gradu-
ally improved after starting irinotecan, she could eat again
6 months after starting irinotecan. Her emaciated state gradually
disappeared, and finally her PS score improved to 100.
Myelosuppression was mild and transfusion or granulocyte-
colony stimulating factor was not required. She could stay
home during the intervals between irinotecan courses. Starting
at the 18th interval, we prescribed oral 13-cis-retinoic acid
(160mg/m?/d for 7d). However, the parents stopped giving
retinoic acid after the 19th interval because of its high cost.
Irinotecan treatment was stopped 22 months after its start
because the patient developed secondary myelodysplastic
syndrome (MDS), refractory ancmia with excess of blasts
(RAEB), and because we worried that irinotecan contributed
to her MDS. A cytogenetic study of the bone marrow revealed
trisomy 11 and another karyotype abnormality [46, XX,
der(9)1(9;16)(q13;?), del(16)(q?)]. Despite giving alternative
therapies, such as low-dose cytarabine, she finally died of the
progression of RAEB 36 months after starting irinotecan.

Case 2

An 1l-year-old girl was referred to our hospital due to a
left frontal head mass and fever. Serum neuron-specific enolase

FIGURE 1. Head magnetic resonance images of case 1 before
starting (A) and after 24 courses (B) of low-dose protracted
irinotecan. Irinotecan reduced the left parietal metastatic
tumor arising from the dura.
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was 112.3ng/mL, and the levels of urinary vanillylmandelic
acid and homovanillic acid were elevated to 107 and 168 pg/g
creatinine, respectively. Abdominal computed tomography
showed a large (8cm diameter) tumor arising from the right
adrenal gland. Tumor clumps were seen in the bone marrow.
MIBG imaging revealed systemic multiple abnormal uptake
lesions mainly derived from bone. The biopsy of the adrenal
tumor confirmed the diagnosis of MYCN nonamplified stage 4
neuroblastoma with 1p loss. She received 6 courses of the same
induction therapy as case 1, followed by | course of ifosfamide
combined with etoposide and total resection of the adrenal
tumor. During the intensive chemotherapy, the bone metastases
progressed (progressive disease by INRC) and she became
severely anorectic and emaciated (Lansky score, 30). Another
course of ifosfamide/etoposide resulted in ifosfamide-induced
encephalopathy. Then, 9 months after the start of induction
therapy, we tried a low-dose protracted schedule of irinotecan
after obtaining written informed consent as in case 1. Twenty-
four courses of low-dose protracted irinotecan prevented tumor
progression (no response according to INRC) for 16 months
(Fig. 2). After the introduction of irinotecan, her anorexia and
emaciated state gradually disappeared and her PS dramatically
improved to 90. She experienced grade 4 neutropenia, grade 3
anemia and thrombocytopenia, and grade 2 diarrhea, but could
tolerate them with the suspension of irinotecan or supportive

FIGURE 2. MIBG scintigram of case 2 before starting (A) and
after 16 courses (B) of low-dose protracted irinotecan. During
irinotecan treatment, no new lesion of abnormal uptake
appeared. MIBG indicates metaiodobenzylguanidine.

© 2008 Lippincott Williams & Wilkins
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therapy such as granulocyte-colony stimulating factor and
transfusion; the frequency of transfusion rather decreased after
starting irinotecan. Ten of 24 courses of irinotecan were
suspended or delayed due to leukopenia. She could stay home
during the intervals of irinotecan treatment. Two courses of a
combination of irinotecan and vincristine caused severe diarrhea
and hematologic toxicity. Combined use of irinotecan and
13-cis-retinoic acid (80mg/m?/d of 13-cis-retinoic acid for
7 days, at the intervals following the 15th and 20th courses of
irinotecan) was tolerable, and may have stabilized the disease,
although we were unable to determine whether irinotecan and
13-cis-retinoic acid had a synergistic antitumor effect in this
case. |3-cis-retinoic acid was eventually abandoned because it
was causing renal toxicity and xeroderma. Despite the use
of alternative chemotherapy, she died of progressive disease
28 months after the introduction of irinotecan.

DISCUSSION

In these cases, we used low-dose protracted
schedules of irinotecan as a palliative chemotherapy for
advanced neuroblastoma. Our results show that irinote-
can can be used in patients with poor PS, can stabilize the
disease status, and can dramatically improve the QOL,
which we felt was worthy of reporting.

The management of refractory neuroblastoma
patients continues to be a serious challenge for physicians.
For these patients, various clinical trials have been
conducted to develop novel therapeutics.>*®* On the
other hand, for these patients, the purpose of therapy
shifts from cure to symptom relief to improve their QOL.
Such therapy, which has modest toxicity and which is well
tolerated and active against neuroblastoma, includes oral
eloposide, retinoids, anti-GD2 monoclonal antibodies
or targeted radioimmunotherapy using '*'I-MIBG or
311-3F8."19 Kushner et al* used S-day courses of
irinotecan at 50 mg/m?/d as a palliative chemotherapy
for neuroblastoma patients on an outpatient basis. This
therapy was well tolerated, although the PS of the
patients was not mentioned.

Our treatment using irinotecan was for an inpatient
setting because of the patients’ poor PS before the start of
treatment, although we might be able to adapt this
regimen to an outpatient clinic. Wagner et al'! reported
that home administration of intravenous low-dose
protracted irinotecan (10 to 20 mg/m?/d) combined with
oral temozolomide was safe and active in patients with
advanced Ewing sarcoma. A phase I study showed the
feasibility of oral irinotecan (40 mg/m?d for 5d for 2
consecutive wecks, repeated every 21d) for refractory
pediatric solid tumors,’ indicating that oral administra-
tion of irinotecan can be applied more conveniently to
palliative settings in pediatric oncology clinics than
intravenous administration. A low-dose protracted sche-
dule might have an advantage for patients with poor PS
because any adverse effects can be detected at an early
stage, allowing the physician to suspend irinotecan before
it effects become severe. We suspended irinotecan
immediately after worsening of diarrhea or hematologic
toxicity, and resumed it after improvement of these
adverse effects, as the purpose of this therapy was not to

© 2008 Lippincott Williams & Wilkins

cure the disease but to prevent its progression and to
palliate symptoms. This strategy improved safety and
achieved long-term tolerability, Although intestinal
paralysis is a contraindication of irinotecan as a rule,
irinotecan reduced the intestinal paralysis in case 1.
However, careful observation is essential when irinotecan
is used for such cases.

What is the best dosing schedule of irinotecan for
palliative therapy for advanced neuroblastoma? Irinotecan
at S0mg/m?/d for 5 days every 21 days achieved stable
disease in 9 of 44 patients with resistant neuroblastoma
after receiving more than S courses, and in 3 of 44 patients
after receiving more than 10 courses, respectively.* On the
other hand, in a phase II trial of irinotecan, 50 mg/m?/d for
5 days every 21 days resulted in only 1/18 partial response
for refractory neuroblastoma.® A phase I study demon-
strated that the maximum tolerated dose of irinotecan on a
protracted schedule was 20mg/m?/d in heavily pretreated
patients with childhood cancer.® This study also showed
that 1 of 5 refractory neuroblastoma cases achieved partial
response and that in the other 4 cases the disease stabilized
for 1 to 6 months.® These results, taken together with our
own experiences, indicate that a dosage of 20mg/m?/d is
also appropriate in a palliative setting.

Although we also tried irinotecan in combination
with other antitumor drugs such as retinoids or vincris-
tine, we were unable to determine whether they had a
synergistic effect. Further investigations of drug combina-
tions are needed to identify more effective palliative
therapies with modest toxicity.

Some cases of stage 4 neuroblastoma without
MYCN amplification have survived for long periods
when they were treated with a combination of multiple
cycles of chemotherapy with modest toxicity, cis-retinoic
acid, anti-GD2 immunotherapy, and/or targeted radio-
therapy.® Neuroblastoma differentiates into ganglioneur-
oma either spontaneously or during treatment with some
drugs, including irinotecan. In vivo treatment with
irinotecan leads to differentiation of neuroblastoma
xenografts.'? Our 2 cases were also without MYCN
amplification, so that low-dose protracted irinotecan
might have prevented tumor progression.

We stopped irinotecan due to the complication of
RAEB in case 1, in view of the possibility that irinotecan
contributed to her MDS. Therapy-related myeloid
malignancy is rare in neuroblastoma: the Childhood
Cancer Survivor Study demonstrated that only | of 897
cases with neuroblastoma developed acute myeloid
leukemia.'® Because she was administered various che-
motherapeutic agents including cyclophosphamide, ifos-
famide, doxorubicin, pirarubicin, and etoposide
(cumulative doses of 17.7g/m?, 14g/m? 75mg/m?
200mg/m?, and 1100 mg/m?, respectively) before irinot-
ecan, the causative agent(s) of the MDS could not be
identified. Trisomy 11 is rare in both de novo and
therapy-related MDS.'*!* However, irinotecan has not
yet been reported as a cause of therapy-related MDS.
Further investigation is needed to clarify whether
irinotecan can cause a second malignancy.
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In summary, we used low-dose protracted schedules
of irinotecan as a palliative chemotherapy for advanced
neuroblastoma. This dosing schedule of irinotecan was
well tolerated, and resulted in disease stability and
improved PS and QOL for significant periods for 2
heavily pretreated patients with refractory neuroblas-
toma. Therefore, low-dose protracted irinotecan might be
an attractive modality for palliative treatment for
advanced neuroblastoma patients.
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RASSFIA hypermethylation in pretreatment serum DNA of
neuroblastoma patients: a prognostic marker
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The tumour suppressor gene RASSFIA is known to be frequently silenced by promoter hypermethylation in neuroblastoma tumours.
Here we explored the possible prognostic significance of aberrant promoter hypermathylation of RASSFIA in serum DNA samples of
patients with neuroblastoma as a surrogate marker for circulating tumour cells, We analysed the methylation status of the RASSFIA
gene in matched tumour and pretreatment serum DNA obtained from 68 neuroblastoma patients. Hypermethylation of RASSFIA in
tumour samples was found in &4 patients (94%). In contrast, serum methylation of RASSFIA was observed in |7 patients (25%).
Serum methylation of RASSFIA was found to be statistically associated with age =12 months at diagnosis (P=0002), stage 4
(P<0Q001) and MYCN amplification (P<0.001). The influence of serum RASSFIA methylation on prognosis was found to be
comparable with that of the curently most reliable marker, MYCN amplification on univanate analysis (hazard ratio, 9.2; 95%
confidence interval (CT), 2.8-30.1; P<0.001). In multivariate analysis of survival, methylation of RASSFIA in serum had a hazard ratio
of 24 (95% Cl, 0.6~9.2), although this association did not reach statistical significance (P=0.194). These findings show that the
methylation status of RASSFIA in the serum of patients with neuroblastoma has the potential to become a prognostic predictor of
outcome.
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Neuroblastoma is the most common extracranial solid tumour in
children and is characterised by a wide range of clinical
behaviours, from spontaneous regression to rapid progression
with a fatal outcome (Maris et al, 2007). The clinical outcome is
associated with disease stage, age at diagnosis, MYCN amplifica-
tion and histological classification. Although numerous genetic
abnormalities, including MYCN amplification, are associated with
tumour progression and poor outcome, the molecular mechanisms
responsible for the pathogenesis of aggressive neuroblastoma
remain unclear. Identifying such molecular changes may con-
tribute to improved clinical management and outcome prediction
of newly diagnosed neuroblastomas.

In recent years, changes in the status of DNA methylation,
known as epigenetic alterations, have turned out to be one of the
most common molecular alterations in human neoplasia including
neuroblastoma (Misawa er al, 2005; Sugino er al, 2007). Several
potential tumour-suppressor genes have been described as
frequently silenced by hypermethylation in neuroblastomas.
Methylation of promoter CpG islands is known to inhibit
transcriptional initiation and cause permanent silencing of down-

stream genes. Loss of heterozygosity of chromosome 3p21.3 is one
of the most frequent alterations in solid tumours. Located within
this 3p21.3 locus, the RAS-association domain family 1, isoform
A gene (RASSFIA) encodes a RAS effector that has been identified
as & tumour suppressor of many different cancer types (Dammann
et al, 2000). RASSF1A falls into the category of genes frequently
inactivated by methylation rather than mutational events. This
gene is silenced and inactivated by promoter region hypermethy-
lation in many adult and childhood cancers, including neuro-
blastoma (Astuti et al, 2001; Harada ef al, 2002; Wong et al, 2004;
Yang et al, 2004; Banelli et al, 2005; Lazcoz et al, 2006; Michalowski
et al, 2008). RASSFIA has been shown to play important roles in
cell cycle regulation, apoptosis and microtubule stability as a
tumour suppressor gene (Agathanggelou et al, 2005).

It is well known that DNA fragments are frequently and
abundantly found in the serum of cancer patients, with
significantly higher levels in patients with metastasis (H
et al, 2007). A number of studies have evaluated the potential of
circulating rumour-related methylated DNA in serum for the
molecular diagnosis and prognosis of various types of cancer
(Miiller et al, 2003; Tbanez de Caceres et al, 2004; Mori et al, 2005).
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Methylation-specific PCR assay is a sensitive and specific assay for
t'l.l.mnurbrlhted DNA methylation in serum. Several studies have
investigated the prospect of using DNA methylation as a surrogate
marker for circulating tumour cells in serum samples from breast
cancer or melanoma patients (Fiegl er al, 2005; Koyanagi et al,
2006). However, no studies of bl have yed serum
samples for aberrant DNA methylation. Therefore, this study
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investigated whether it is possible to detect RASSFIA epigenetic
alterations in the serum of neuroblastoma patients, and aberrant
RASSF1A methylation in patient pretherapeutic serum is of
prognostic significance in neuroblastoma using a series of matched
neuroblastoma tumour and serum DNA.

MATERIALS AND METHODS
Patients and sample collection

Clinical data were collected r pectively by reviewing the
medical database at the Hospital of Kyoto Prefectural University
of Medicine for the period between 1985 and 2004. After approval
by the Institutional Review Board, 68 neuroblastoma patients were
identified on the basis of histological examination of tumour
specimens that met the following criteria: the patient had an
available tumour specimen; a serum specimen was available; and
the patient either died or had >1 year of follow-up time. The
clinical data included information regarding tumour stage, age at
diagnosis, sex, MYCN gene status and outcome. Staging was
evaluated according to the criteria of the International Neuro-
blastoma Staging System (Maris et al, 2007). Patients of any age
who had stage 1 or 2 disease and those younger than 12 months
with stage 3 or 45 disease were given either surgery or surgery with
chemotherapy (Matsumura and Michon, 2000). Patients aged 12
months or older with stage 3 and any patients with stage 4 disease
were treated according to the protocol by the Japanese Neuro-
blastoma Study Group (Sawaguchi er al, 1990; Tsuchida and
Kaneko, 2000; Kaneko et al, 2002; Suita et al, 2007). The patients
with stage 4 disease underwent high-dose chemotherapy with
autologous stem-cell rescue after the initial chemotherapy. Instead
of pre-specified sample size determination, power analysis was
conducted after collecting clinical data to guarantee statistical
power and to evaluate whether RASSFIA methylation is a
prognostic marker for survival. In a realistic scenario, a study of
68 patients had power of 96% to detect a single marker with hazard
ratio larger than 5.

Tumour samples at the time of diagnosis and before the
administration of chemotherapy were frozen immediately and
stored at —80°C until DNA extraction. In addition, match-paired
serum ples were d. Peripheral blood was obtained
before any therapy or surgery. To avoid contamination of serum
DNA by the DNA from WRBCs, serum was prepared exclusively
from the liquid fraction of clotted blood after centrifugation at
1000 % g for 10 min and stored it at —20°C until DNA extraction.
For the extraction of free DNA, we used 200 ul of stored serum,
which supplemented with 1pug salmon testes DNA (Sigma,
St Louis, MO, USA) as a carrier DNA, DNA was extracted from
tumour samples using 2 QIAmp DNA Mini Kit and from serum
samples using a QIAmp DNA Blood Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions.

Analysis of DNA methylation

Treatment of tumour DNA and serum DNA with sodium
bisulphite was performed with an EZ DNA methylation kit (Zymo
Research, Orange, CA, USA) following the protocol of the
manufacturer. Methylation-specific PCR was performed with
primers specific for either methylated or unmethylated DNA
spanning the region within the RASSFIA gene (Figure 1). The
primers used were methylation-specific RAM-1 (5-GTG
TTAACGCGTTGCGTATC-3') and RAM-2 (5'-AACCCCGCGAACT
AAAAACGA-Y) and unmethylation-specific RAU-1 (5-TTTGGT
TGGAGTGTGTTAATG-3') and RAU-2 (5'-CAAACCCCACAAACT
AAAAACAA-Y), as described earlier (Lo er al, 2001). PCR
conditions consisted of an initial incubation for 10min at 95°C
followed by 35 cycles for tumour samples or 40 cycles for serum
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samples of denaturation at 95°C for 45, annealing at 60°C for 45s
and extension at 72°C for 60 s, followed by a final extension step of
72°C for 10 min. Lymphocyte DNA and in vitro methylated (using
Sss1 CpG methylase; New England Biolabs, Beverly, MA, USA)
lymphocyte DNA were used as unmethylated and methylated
controls, respectively. The PCR products obtained were analysed
by electrophoresis in 2% agarose gels and stained with ethidium
bromide. Samples were scored as methylation positive when
methylated alleles were visualised as bands in the methylated DNA
lane and as methylation negative when bands were seen only in the
unmethylated DNA lane. The analysis of the samples in this study
was performed by an analyst blinded to the clinical and biological

information.

Statistical analysis

The primary end point was overall survival defined by the period
from diagnosis of the primary tumour to any cause of death. The
relationship between clinicopathological variables and methylation
status of the RASSFIA gene was shown initially using contingency
tables and y* test. Survival curves for RASSFIA methylation were
derived by the Kaplan-Meier method. Univariate analysis was
conducted using Cox's proportional hazard models and log-rank
test. Performance of RASSF1A methylation as a prognostic marker
was also analysed after adjustment for known prognostic factors
by (i) subset analysis of stage 3 patients using contingency tables
and Fisher's exact test and (ii) multivariate Cox's proportional
hazard models including age, sex and tumour stage. Two-sided
P-values<0.05 were considered as significant. SAS 9.13 (SAS
Institute Inc., Cary, NC, USA) was used for statistical analyses.

RESULTS

A total of 124 patients with histologically confirmed neuroblastoma
or ganglioneuroblastoma were treated at the Hospital of Kyoto
Prefectural University of Medicine between January 1985 and May
2004. Sixty-eight patients met the criteria of this retrospective
study. The detailed patient disposition is shown in Figure 2 and the
baseline characteristics of patients are presented in Table 1. Of the
68 patients, 24 were classified as stage 1, 11 as stage 2, 11 as stage 3,
18 as stage 4 and 4 as stage 45. At the time of diagnosis, 42 patients
(62%) were younger than 12 months, and 26 (38%) were older. We
found no significant differences between included and excluded
patients for age or stage statistically. Twelve patients (18%) had
tumours with MYCN amplification, and MYCN amplification was
not detected in the tumours from 56 (82%) patients by southern
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| 124 patients diagnosed as neuroblastoma and registered |

56 patients excluded
because samples were not available
or follow-up time was less than 1 year

68 patients met eligibility criteria
13 died
28 confirmed as alive
20 lost to follow-up = 5 years after diagnosis
7 lost to follow-up < 5 years afler diagnosis

Figure 2 Patent disposition.

Table | Charactaristics of patients
Characteristic No. of patients (%)
Sex
Male 7 (39.7)
Female 4] (60.3)
Age ot dognoss
< |2 months 42 (61.8)
212 months 26 (38.2)
Stage
| 24 (35.3)
2 11 (162)
3 11 (162)
+ 18 (265)
45 4(59)
MYCN
Non-amplified 56 (82.4)
Amplified 12 (17.6)
Diagnosis
GNB 7 (10.3)
MNE &l (89.7)
Serum RASSFIA
Unmethylated 51 (75.0)
Mathyatad 17 (25.0)

blot analysis or fluorescence in situ hybridisation. The median
follow-up time was 72 months, with a range from 9 to 248 months.

Detection of RASSFIA promoter methylation in tumours

This study initially investigated the hypermethylation status of the
RASSFIA tumour suppressor genes in 68 neuroblastoma tumours.
Only four (one each at stage 1, 2, 4S and 3) tumours showed no
methylation of RASSFIA (Supplementary Table). All other
neuroblastoma tumours (64 of 68; 94%) showed methylated
RASSFIA. Hypermethylation in tumours was observed very
frequently in all of the stages of neuroblastoma examined,
including stage 1, 2 and 4S tumours (Supplementary Table) and
no correlation between RASSFIA methylation and known prog-
nostic factors including stage, age and MYCN amplification was
detected. No relationship between RASSFIA methylation in
tumours and outcome was also observed. RASSFIA methylation
was not observed in any of the three benign ganglioneuromas.

& 2009 Cancer Research LK
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Figure 3 RASSFIA methylation status of tumour and serum DNA in
neurcblastoma patients. M, methylated; U, unmethylated. The sizes of the
PCR products for methylated and unmethylated pnmers are 93 and
105 bp, respectively. (A) Cases stage | and 2 with good prognoesis tumour
DNAs are methylated but absent in the serum DNAs. (B) In contrast, in
stage 3 and 4 MYCN-amplified cases. methylated DNAs are detected in
both tumour and serum samples.

Table 2 Associations between cinical factors and serum RASSFIA
methylation status

Methylated u ¥l 4 Total
Characteristic nao. no. no. P-value
Age at diognosis 0002
<12 months 5 37 42
= 12 months 12 14 28
Smge <0.001
172/45 3 36 19
3 3 8 I
% I T 18
MYCN <0001
Non-amplified 5 51 56
Amplified 12 0 12

Detection of RASSFIA promoter methylation in serum

The hypermethylation status of RASSFIA in the matched serum
DNA samples was then determined and compared with the pattern
of hypermethylation found in the corresponding tumour DNA
samples (Figure 3). RASSF1A hypermethylation was detected in 17
of 68 (25%) matched serum DNA samples (Table 1). The detailed
overview is shown in Supplementary Table.

Correlation of serum RASSFIA methylation status with
clinical factors

The methylation status of RASSFIA in the pretherapeutic serum of
the 68 patients was analysed for association with known prognostic
factors (Table 2). Serum RASSFIA methylation showed
a significant statistical association with age =12 months
(P=0.002). RASSFIA methylation in serum was detected more
frequently in disseminated stage 4 tumours than local-regional
(stage 1, 2 and 3) and 4S tumours (P<0.001). Furthermore, serum-
methylated RASSFIA was significantly correlated with MYCN
amplification (P<0.001). Notably, all cases with MYCN amplifica-
tion showed RASSFIA methylation of serum DNA (Supplementary
Table).
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Table 3 Unnanate analyss of sunaval
Characteristic Hazard ratio %Rl P-value
Age ol diognoss

<12 months Reference

=12 months 118 ii-1819 0.002
Sex

Male Reference

Female 10 03-30 0983

1123145 Raferance

4 198 44-895 <0.001
MYCN

Non-amplified Reference

Amplified 82 27-247 <0001
Serum RASSFIA

Unmetivdated Reference

Methylated 22 28-30.1 <0.001

Cl = confidence interval.

Analysis of prognostic significance of RASSFIA
methylation in serum

The association of pretherapeutic serum methylation status of
RASSFIA with clinical outcome was analysed in 68 patients with
known follow-ups. Univariate analyses revealed prognostic sig-
nificance for age at diagnosis > 12 months, stage 4 and MYCN
amplification (P=0.002, P<0.001 and P<0.001, respectively;
Table 3) in this cohort, as expected. Patients with serum-
methylated RASSF1A had significantly worse overall survival than
patients with serum-unmethylated RASSFIA (P<0.001, log-rank
test; Figure 4A). The 5-year survival was more than 90% in patients
without serum methylation of RASSFIA, whereas lower than 50%
in patients with serum methylation of RASSFIA (hazard ratio, 9.2;
95% confidence interval (95% CI), 2.8-30.1; P<0.001); Table 3).
RASSFIA methylation in serum and the known prognostic factors
were also correlated with relapse-free survival as well as with
overall survival (P<0.001; Table 4; Figure 4B). Furthermore, a
subset analysis revealed that stage 3 patients also had a trend
towards poorer prognosis when RASSFIA was methylated in
serum. When limited to cases in stage 3, two of the three patients
with serum-methylated RASSFIA died, whereas all eight patients
with serum-unmethylated RASSFIA are alive (P=0.055, Fisher's
exact test), In a multivariate analysis including age, sex and
tumour stage, serum RASSFIA methylation was still associated
with poor outcome with a hazard ratio of 2.4 (95% CI, 0.6-9.2),
although this did not reach statistical significance (P=0.194;
Table 5).

DISCUSSION

In patients with malignancies, aberrant methylation of serum DNA
has been reported (Miiller e al, 2003; Ibanez de Caceres &t al, 2004;
Fiegl et al, 2005; Mori et al, 2005; Koyanagi et al, 2006). We have
detected cell-free tumour DNA in serum of neuroblastoma patients
(Gotoh et al, 2005). Prognosis in stage 4 neuroblastoma patients
with metastases is poor despite intensive chemotherapy (Maris
et al, 2007). Therefore, this study aimed to explore the possible
prognostic significance of aberrant promoter hypermethylation of
RASSFIA, which has been found frequently in neuroblastoma
tumours, using pretherapeutic serum of neuroblastoma patients as
a surrogate marker for circulating tumour cells.

We first investigated the RASSFIA methylation status in 68
neuroblastoma tumour DNA samples in comparison with matched
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Figure 4 Kaplan—Meer survival curves of 68 neuroblastoma patients:
correlation of pretherapeutic serum RASSFIA methylation status with
overall survival (A) and relapse-free survival (B), M, methylated: patients
with serum methylation of RASSFIA. U, unmethylated: patients without
serum methylation of RASSFIA. The 5-year overall sundval was more than
90% in patients without mathylation, whereas lower than 50% in patients
with metiylation (P<0.001).

serum DNA samples. The methylation of RASSF1A was observed in
this study in 94% of primary tumours. Our results show that
promoter hypermethylation of RASSFIA occurs at a high
uency in primary neuroblastoma and no correlati
between RASSFIA methylation and known prognostic factors
including stage, age and MYCN amplification, or outcome was
seen. The high proportion of RASSFIA promoter methylation in
tumours agrees with earlier reports in the literature, which have
found RASSFIA to be hypermethylated in 52-94% of tumour DNA
samples (Astuti er al, 2001; Harada et al, 2002; Wong et al, 2004;
Yang et al, 2004, 2007; Banelli et al, 2005; Lazcoz et al, 2006
Michalowski et al, 2008). Several earlier studies with one exception
(Yang er al, 2004) failed to find a statistical correlation between
RASSF1A methylation in tumours and poor outcome (Astuti et al,
2001; Harada et al, 2002; Banelli et al, 2005; Michalowski et al,
2008). We also did not observe any relationship between RASSFIA
methylation in tumours and prognosis. RASSFIA hypermethyla-
tion in tumours can be a relatively early event in neuroblastoma
tumorigenesis as it is detectable in non-advanced early-stage
tumours with high frequency. Although the prognostic significance
of epigenetic changes of single genes in neuroblastoma tumour
DNA remain controversial, a few studies have indicated that poor
prognosis is associated with the CpG island methylator phenotype
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Table 4 Unhariate analysis of relapse

Characteristic = Hazard ratio

Age at dognass
<12 months Raference
= 12 months 125

Sex
Male Reference
Female

bt

toge
11213145
4

MYCN
Non-amplified
Amplified

Serun RASSFIA
Unmethylated
Methylated

Cl= confidence mterval

Table 5 Multivariate analysis of survival
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months at diagnosis (P=0.002), stage 4 (P<0.001) and MYCN
amplification (P<0.001). Furthermore, the presence of methyla-
tion of RASSFIA in serum was associated with poorer outcome.
The influence of serum RASSFIA methylation on prognosis was
found to be comparable with that of the currently most reliable
marker, MYCN amplification in univariate analysis. A subset
analysis of stage 3 patients showed a trend associating poar
survival with serum RASSFIA methylation (P=0.055), although
the data were limited due to the small number of patients in the
subgroup. In multivariate analysis of survival, methylation of
RASSFIA in serum had a hazard ratio of 2.42, but this association
did not reach statistical significance (P= 0.194). Further validation
studies using a larger set of patients are necessary to confirm our
findings.

The presence of tumour-derived DNA within the blood stream
has been identified earlier (Miller et al, 2003; Fiegl et al, 2005;
Mori et al, 2005). Recently, one study showed that the detection of
circulating tumour cells was correlated with tumour-related
methylated DNA in patients with mel (Koyanagi et al,
2006), suggesting that circulating tumour cells are a potential
source of circulating methylated DNA. Our study suggests that
methylated RASSFIA DNA in serum is a surrogate marker for
circulating neuroblastoma cells. Another recently published study
showed that RASSFIA methylation was also detectable in ovarian
cancer patient’s serum at a high frequency from methylated

Characteristic Hazard ratic

Age ot diggnosis
<12 months Reference
212 months 12

(Abe et al, 2005; Banelli er al, 2005; Yang ef al, 2007), suggesting
that aberrant methylation of muluple genes is likely to contribute
to neurcblastoma pathogenesis.

As a next step, we analysed RASSFIA methylation status in 68
paired serum DNA samples. In contrast to tumours, RASSFIA
methylation was detected in neuroblastoma patient serum from
only 25% (17 out of 68). To investigate the clinical significance of
the serum RASSFIA methylation, associations with established
prognostic factors and outcome were evaluated. RASSFIA
methylation in serum was found to be staristically associated with
established prognostic factors. Serum RASSFIA methylation was
more frequently detected in neuroblastoma patients with age =12
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The International Neuroblastoma Risk Group (INRG)
Classification System: An INRG Task Force Report
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Because cument approaches to risk dlassification and treatment stratification for children with
neuroblastoma (NB) vary greatly throughout the world, it is difficult to directly compare risk-based
clinical trials. The International Neuroblastoma Risk Group (INRG) classification system was developad
to establish a consensus approach for pretreatment risk stratification.

Patients and Methods

The statistical and dlinical significance of 13 potential prognostic factors were analyzed in a cohort of
8,800 children diagnosed with NB between 1990 and 2002 from North America and Australia
(Children’s Oncology Groupl, Europe (International Society of Pediatric Oncology Europe Neuroblas-
toma Group and German Pediatric Oncology and Hematology Group), and Japan. Survival tree
regression analyses using event-free survival (EFS) as the primary end point were performed to test
the prognostic significance of the 13 factors.

Results

Stage, age, histologic category, grade of tumor differentiation, the status of the MYCN oncogene,
chromosome 11q status, and DNA ploidy were the most highly statistically significant and clinically
relevant factors. A new staging system (INRG Staging System) based on clinical criteria and tumor
imaging was developed for the INRG Classification System, The optimal age cutoff was determined
to be betwesn 15 and 18 months, and 18 months was selected for the classification system. Sixteen
pratreatment groups were defined on the basis of clinical criteria and statistically significantly different
EFS of the cohort stratified by the INRG criteria. Patients with 5-year EFS more than 85%, more than
76% to = B5%, = 50% to =< 75%, or less than 50% were classified as very low risk, low risk,
intermediate risk, or high risk, respectively.

Conclusion

By defining homogenous pretreatrment patient cohorts, the INRG classification system will greatly
facilitate the comparison of risk-based clinical trials conducted in different regions of the world and the
development of interational collaborative studies.

J Clin Oncol 27:289-297. © 2008 by American Society of Clinical Oncology

for risk-group assignment of locoregional tumors,

INTR oDl C'ﬂDN

Neuroblastoma (NB) is remarkable l'nr its bruar.l
spectrum of clinical behavior, with some tumors
regressing or maturing, whereas others progress de-
spite intensive multimodality treatment.'” This di-
versity in behavior correlates closely with a number
of dlinical and biologic features,” and combinations
of prognostic variables are used for risk-group as-
signment and treatment stratification. However, the
factors selected by various cooperative groups to
define risk are not uniform. For example, the Inter-
national Society of Pediatric Oncology Europe Neu-
roblastoma Group (SIOPEN) uses age, surgical risk
factors defined by imaging, and MYCN status

whem\s the Glﬂd.rcu's Oncology Group (COG)
staging, MYCN amplification,
hstulogy and DNA ploidy.** Furthermore, the in-
creasing number of genetic features included in
more recently developed clinical trials to guide ther-
apy decisions™” further complicates comparisons.
To facilitate comparison of clinical trials per-
formed throughout the world, the William Guy
Forbeck Research Foundation sponsored an in-
ternational conference more than 20 years ago.
The outcome of the conference was published as
the International Neuroblastoma Staging System
(INSS).** During the last two decades, there have
been major advances in understanding the genetics
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of NB. Although the unfavorable prognostic factor MYCN amplifica-
tion' is used by all cooperative groups for risk-group stratification
and therapeutic decisions, other prognostically significant genetic
features®™!" have not been consistently incorporated into risk classi-
tumor histology for risk-group assessment.'*'*

To develop a consensus approach to pretreatment risk stratifica-
tion, a task force of investigators with expertise in NB from the major
pediatric cooperative groups around the world was established in
2004. A new International Neuroblastoma Risk Group (INRG) Stag-
ing System (INRGSS) was designed to stratify patients at the time of
diagnosis before any treatment, as detailed in the companion article by
Monclair et al'* In the INRGSS, extent of locoregional disease is
determined by the absence or presence of image-defined risk factors
(L1 and L2, respectively). Stage M will be used for widely disseminated
disease, and MS describes metastatic NB limited to skin, liver, and
bone marrow without cortical bone involvement in children age 0 to
18 months with L1 or L2 primary tumors. In addition, the Task Force's
recommendations for defined standard operating procedures for mo-
lecular diagnostic testing of NB tumor tissue, criteria for the evalua-
tion of bone marrow metastatic disease by immunocytochemistry and
RT-PCR and for the assessment of metastatic disease by MIBG will be
described in future reports.

i PATIENTS AND METHODS " <

INRG Task Force Members

In 2004, investigators from the major cooperative groups, COG (North
America and Australiz), the German Pediatric Oncology and Hematology
Group (GPOH), the Japanese Advanced Neuroblastoma Study Group
(JANB), the Japanese Infantile Neuroblastoma Co-operative Study Group
(JINCS), SIOPEN and China with expertise in NB were contacted by ADJP
and SLC and inviled 1o participate in an initiative to establish the INRG
dlassification system. The major goal of the Task Force was to develop a
consensus approach for pretreatment risk stratification of NB, based on statis-
tical analyses of ic factors.

The leaders of the cooperative groups were asked to nominate six indi-
viduals with expertise in one or more of the following categories: clinical trials
related to NB, chemotherapy, surgery, pathology, biology, radiology, nuclear
medicine and statistics In addition, young investigators were invited, and 52
investigators were identified. Four committees were formed: Surgery, Chair—
‘Tom Monclair; Statistics, Chair—Wendy B. London; Biclogy, Chair—Peter F.
Ambros; and Metastatic Disease, Chair—Katherine K. Matthay. The four

Tuble 1. Number of Patients in the Intemational Neuroblastoma Risk
Group Analytic Cohort by Country or Cooperative Group of Drigin
Country or Cooparativa Group Neo. %
rm "*3..'.'321'.."' -._:Z.’m"‘""‘ DITAZAS TR
bl Study 87 10.4
&MENSG
410 4.7
m& RIS S S R R Rt Sl U
1.& 220
Iﬁlﬂ."’__“” P PRI i AR AN ) i L,
Towl 8.800 I{I‘.l
Abbreviations: COG, Children's Oncology Group: SIOPEN, International So-
ciaty of Padiatric Oncology Europe Neuroblastoma Group.

chairs of the committees and the co-chairs of the INRG Task Force (AD.J.P.
and S.1.C.) comprised the INRG Executive Committee. Four international
conferences were held: June 2004 in Genoa, ltaly; September 2005 in
Whistler, Vancouver, Canada sponsored by the William Guy Forbeck
Research Foundation; May 2006 in Los Angeles, CA; and September 2006
in Geneva, Switzerland.
Patient Cohort

Data were collected on patients enrolled on COG, GPOH, JANB, JINGS,
or SIOPEN trials. Enrollment cutoff of 2002 was chosen to allow at least 2 years
of follow-up at the 2004 data freeze. Eligibility for indusion in the INRG cohort
included (1) confirmed diagnosis of NB, ganglioneuroblastoma (GNB), or
ganglioneuroma (GN) maturing; (2) age no older than 21 years; (3) diagnosis
kmlmwmﬁ(ijnhmdmthmd

logic category, INPC grade of mumor differentiation, INPC MKI, MYCN sta-
tus, DNA ploidy (defined as DNA index = 1.0 v > 1.0), 11q loss of
heterozygosity (LOH), 11q aberration, unbalanced 11q LOH, Ip LOH, Ip
aberration, 17q gain, serum ferritin, serum lactate dehydrogenase (LDH), six
primary tumor sites, and eight metastatic sites. Analyses were performed on
8,800 unique patients.

Statistical Considerations

risk groups. However, because there were 100 few patients who had known
values for all the factors and challenges of reaching international agreement,
the final decision regarding the delineation of pretreatment risk groups was
made by consensus on the basis of treatment strategies and overall survival
(08), in addition to event-free survival (EFS) results.

Survival Analyses

The primary analytic end point was EFS. Time 1o event was defined as
time from diagnosis until time of first occurrence of relapse, progression,
secondary malignancy, or death, or until time of last contact if none of these
occurred. EFS was selected as the primary end point because the majority of
patients with non—high-risk disease who have an event successfully achieve
treatment salvage, and it is difficult to discriminate subsets using OS because of
fewer events (deaths) in the lower-risk cohorts, resulting in lower power.
Univariate analyses using alog-rank test, ata 5% significance level and without
adjustment for multiple testing, were performed to identify factors statistically
significantly predictive of EFS to be carried forward into the survival-tree
regression. Kaplan-Meier curves were examined for each factor (data not
shown). “Cmpwdhw&wmd&mudwm

the most highly statistically ﬂ?uﬂmnwhliemmnmmmm
“branch” in the survival tree.'® ’mmmmmm
anempting to develop a index, was used to develop the classifica-

format for risk-group presentation in this disease, and could be used more
casily internationally. The assumption of proportional hazards was tested. For
practical reasons, all factors were analyzed as binary variables. All EFS and 05
values are reported at the 5-year time point = the SE.
Methods to Dichotomize Age, LDH, and Ferritin

Age was dichotomized using methods previously described by London et
al (n = 3,666 COG patients from the INRG database).™ Excluding these 3,666
patients, the analysis to identify an optimal age cutoff was repeated (data not
shown). For LDH and ferritin respectively, the median value was used
dichotomize the cohort, and two binary variables were created for the survival-
tree analysis.
Justification for Utilizing Underlying Components of
Histologic Classification

The INPC and Shimada histology systems use age at diagnosis and
Instnhpc features of the tumor 1o categorize tumors as favorable versus

30 © 2008 by Amencan Socaty of Clmcal Oncology
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able. This results in a duplication of the prognostic contribution
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