Table 1. Summary of 4 neuroblastoma cases with amplified MYCN and favorable histology
Histology/cytology

Age Primary Clinical Large cell/prominent MYCN Follow up
Case  (months/sex)  site stage Subtype MKI  nucleoli protein (months)
1 6/female Adrenal 1 Poorly diff. ~Low  No/no Negative Alive (91)
2 9/male Adrenal 3 Poorly diff. Low  No/no Negative® Alive (26)
3 13/male Adrenal 4 Poorly diff. Low  No/no Negative Dead (8)
4 13/male Adrenal 4 Poorly diff.  Low No/no Negative Alive (19)

Age indicates months at diagnosis; follow up, months after diagnosis; clinical stage, according to the International Neuroblastoma Staging System; poorly diff.,
poorly differentiated neuroblastoma; MKI, mitosis-karyorrhexis index; large cell, large cell type neuroblastoma; MYCN protein, detected by
immunohistochemistry.

®Few (<1%) tumor cells showed positive nuclear staining.

Table 2. MYCN-amplified and favorable histology neuroblastoma in the literature®

Age (months) Stage Histology (MKI) Follow up (months) Author
15 Localized NBL, poorly diff. Alive (66+)° Cohn and colleagues [13]
16 Localized NBL, poorly diff. Alive (68+)°
46 Localized GNB Alive (38) ~
7 I NBL Alive (36)° Goto and colleagues [14]
<12 I NBL Alive
<12 v NBL Alive
<12 v NBL Dead
12~18 v NBL Alive
12~18 I NBL Dead
12~18 v NBL Dead
12~18 v NBL Dead
0.1 1vs NBL Alive Shimada and colleagues [15]
8.7 v NBL Dead
12.2 I NBL Alive (76)
0.24 3 NBL, poorly diff. (low) Alive (6) George and colleagues [16]
24 3 NBL, poorly diff. (low) Alive (8)
3.6 3 NBL, poorly diff. (low) Alive (17)
15.6 2 NBL, poorly diff. (intermed.) Alive (17)
36 4 NBL, diff. (low) Alive (6)
43 I GNB Alive (17) Fabbretti and colleagues [17]
48 I GNB Alive (16)
9 2b NBL Dead (10) Perez and colleagues [18]
7 1 NBL Alive (17)
0.16 1 NBL Alive (72)
4 A NBL Alive (53+) Alvarado and colleagues [19]
4 A NBL Alive (59+)
8 A NBL Alive (36+)

Age indicates months at diagnosis; follow up, months after diagnosis; stage, I-IV and IVS, according to Evans’ clinical staging; 2-4, according to the
International Neuroblastoma Staging System; A, according to the Pediatric Oncology Group grading system; MKI, mitosis-karyorrhexis index; NBL,
neuroblastoma; GNB, ganglioneuroblastoma; poorly diff.,, poorly differentiated subtype; diff., differentiating subtype; Intermed., intermediate.
2Schneiderman and colleagues {20] also reported 6 cases of MYCN-amplified and favorable histology tumor in favorable stage (A, B, or D). They were included
in the reports of Cohn and colleagues [13] and Alvarado and colleagues [19].

PThese 2 cases were also included in the report by Alvarado and colleagues [19].

°This patient experienced tumor progression but was alive at the time of last follow up.

cell type, and prominent nucleoli were not detected in the
nuclei of the neuroblastic cells in those cases (Fig. 2).
Immunohistochemically, 3 MYCN-A&FH tumors
were completely negative for MYCN protein (Fig. 3A),
and only a few (<1%) tumor cells in case 2 showed
nuclear staining. All negative controls (MYCN-nA&FH
tumors, MYCN-nA&UH tumors, and MYCN-A&FH

without primary antibody) showed negative staining
(Fig. 3B,C), and positive controls (MYCN-A&UH tu-
mors) demonstrated positive nuclear staining for MYCN
protein (Fig. 3D). As shown in Figure 4, MYCN mRNA
was not detected by RT-PCR in the tumor of case 1 with
appropriate positive controls (MYCN-amplified tumor
sample and cell line, SK-N-BE [2], both expressing
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Figure 1. Double staining with MYCN probe (orange) and chromosome 2p telomere probe (green). Note numerous orange
signals of MYCN compared with 2 or 3 green signals of chromosome 2p detected in the individual nuclei of MYCN-
amplified and favorable histology tumor (case 4, fluorescence in situ hybridization, x1000).

Figure 2. MYCN-amplified and favorable histology tumor showing an appearance of neuroblastoma, poorly differentiated
subtype with a low mitosis-karyorrhexis index diagnosed at 6 months of age (case 1, hematoxylin and eosin stain [H&E],
x1000). Inset: Typical morphology of large-cell neuroblastoma with prominent nucleoli in an MYCN-amplified and
unfavorable histology tumor (case from our file, H&E, x1000).

Figure 3. Immunohistochemical staining for MYCN protein (x1000). A. MYCN-amplified and favorable histology tumor
from case 1 showing no detectable MYCN protein. B. Negative controls of MYCN-nonamplified and favorable histology
tumor and MYCN-nonamplified and unfavorable histology tumor (C). D. Positive control of MYCN-amplified and

unfavorable histology tumor showing nuclear staining.

MYCN

Figure 4. Reverse transcriptase polymerase chain reaction
detection of MYCN mRNA expression. Lane 1: Positive
control, MYCN-amplified tumor expressing mRNA. Lane 2:
Negative control, MYCN-nonamplified tumor expressing
no mRNA. Lane 3: MYCN-amplified and favorable histology
tumor (case 1) expressing no mRNA. Lane 4: Positive
control, SK-N-BE(2) (MYCN-amplified neuroblastoma cell
line) expressing mRNA. Lane 5: Negative control, LA-N-6
(MYCN-nonamplified cell line) expressing no mRNA. Cell
lines SK-N-BE(2) and LA-N-6 were kindly provided by Dr C.P.
Reynolds (Children’s Hospital Los Angeles, Los Angeles,
CA, USA).

MYCN protein detectable by immunohistochemistry) and
negative controls (MYCN nonamplified tumor sample and
cell line, LA-N-6, both expressing no MYCN protein
detectable by immunohistochemistry).
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DISCUSSION

MYCN amplification is a well-established molecular
indicator for predicting aggressive clinical behavior of
NTs [9,10]. MYCN-amplified tumors are usually classi-
fied into the UH group, according to the INPC. MYCN
amplification followed by excess MYCN protein expres-
sion with subsequent myc-max heterodimer formation in
the neuroblastoma cells is considered to be a powerful
driving force for preventing cellular differentiation and
increasing cellular proliferation (mitosis) and cellular
death (karyorrhexis due to DNA instability) [11,12]. Four
cases reported here, however, demonstrated a discordant
genotype-phenotype relationship. Their tumors had
MYCN amplification but were classified into the FH
group.

Further study demonstrated that MYCN protein was
not detected immunohistochemically in our cases.
Interpretation of MYCN protein expression by immuno-
histochemistry requires caution, especially in our 4 tumor
samples, which were evaluated as negative. We repeated
staining on those tumors and confirmed the results with
appropriate positive and negative controls. We also had a
chance to perform RT-PCR in 1 case, and no MYCN
mRNA was detected in the tumor. Cohn and colleagues
[13] described similar results of lower or no MYCN
protein expression in 2 MYCN-A&FH tumors from their
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series of 6 cases of MYCN-amplified and localized PNTs.
One tumor showed a heterogeneous staining pattern by
immunohistochemistry, a significantly low expression
level by Western blot, and a low expression level of
MYCN mRNA by Northern blot, and the other showed
negative staining immunohistochemically.

To our knowledge, a total of 31 cases of MYCN-
A&FH neuroblastoma have been reported in detail: 4
cases included in this report and summarized in Table 1
and 27 cases in the literature summarized in Table 2 [13-
19]. Schneiderman and colleagues also reported 6 cases of
FH&MY CN-amplified tumors from the Pediatric Oncol-
ogy Group Study [20]. Although they did not mention
detailed information of those cases, many of them seemed
to be included in the report by Cohn and colleagues [13]
and Alvarado and colleagues [19]. Incidence of the
MYCN-A&FH tumors in our series (4/63, 6%) was
considerably higher than that of the large series (~1%)
[12,14]. This was partly because our institutions (Aichi
Medical University and the National Center for Child
Health and Development) were offering reference diag-
nostic services for problematic/unusual cases locally and
nationally.

Those 31 patients with MYCN-A&FH tumors were
diagnosed between age 0.1 and 48 months. The majority
(27/31, 87%) were less than 18 months of age. Although
follow-up periods of the patients varied, all patients except
2 (20722, 91%) were alive with localized/nonmetastatic
(stage 1, 2, 3) or stage 4S disease. As suggested by Cohn
and colleagues [13] and George and colleagues [16],
MYCN-amplified FH tumors, especially when diagnosed as
a localized disease without distant metastasis, would not
portend an adverse outcome of the patients. In their report,
Schneiderman and colleagues [20] described a relatively
low 7-year event-free survival of 50% = 20% but a higher
7-year overall survival of 83% * 15% for the patients with
FH&MYCN-A tumor in favorable stage (A, B, or D). They
also suggested that diploid pattern could be a factor for
indicating a poor prognosis of children with MYCN-
amplified, favorable-stage neuroblastomas. Each of our 4
cases, including 3 survivors, with MYCN-A&FH tumor in
different clinical stages had a diploid pattern. However, 5
of 9 (56%) patients with stage 4 disease died with MYCN-
A&FH PNTs (Tables 1 and 2).

Several reports describe a significance of prominent
nucleoli in MYCN-amplified neuroblastomas [3-6].
Thorner and colleagues [5] pointed out that tumors with
macronucleoli were reported as a sign of MYCN
amplification with a high specificity and a low sensitivity.
Sano and colleagues presented a paper at the Advances of
Neuroblastoma Research Meeting in 2006 and reported a
total of 20 cases of MYCN-A&FH neuroblastoma
(unpublished results). They distinguished 2 prognostic
groups: 1 was composed of conventional FH neuroblas-
tomas (16 cases with 81% 5-year event-free survival and
87% S-year overall survival), and the other was composed
of neuroblastomas of large cell type with prominent
nucleoli (4 cases, all died within 13 months from

diagnosis). All 4 cases in our series did not have
prominent nucleoli and were classified in the conven-
tional FH neuroblastoma group.

We report 4 neuroblastoma cases with amplified
MYCN and conventional FH, according to the INPC. This
is a unique category by combination of unfavorable and
favorable prognostic indicators, and 3 of 4 patients in our
series are alive and well after high-dose therapy and
autologous stem cell rescue. It is speculated that a lack of
excess MYCN protein expression despite gene amplifi-
cation could cause the genotype-phenotype discordance in
this rare subset of PTNs. Molecular/genomic alterations
other than nonexpression of amplified MYCN may also
explain the tumors’ clinical behavior in our cases.
Genome-wide expression analysis would be of interest
in this neuroblastoma subtype.
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&1 COGY AZ & JNBSG DKL

INSS | Age | MYCN | INPC | Ploidy | Risk %Zﬁg %@;g}' 'igggé ﬁ;;};ﬁ?

2A/2B 0-30y + High
3 0-30y + High

3 =547d - UF High

4 <365d + High

4 365<547d + High

4 365<547d DI=1 High

4 365<547d UF High

4 =547d High
4S < 365d + High
3 = 365d - FH Inter

3 365<547d - UF Inter

3 <365d - UF Inter

3 < 365d - DI=1 Inter

3 <365d - FH DI>1 Inter

4 <365d - FH DI>1 Inter

4 <365d - UF Inter

4 <365d - FH DI=1 Inter

4 365 <547d - FH DI>1 Inter
4S <365d - UF Inter
45 <365d - FH DI=1 Inter
1 0-30y - Low
2A/2B 0-30y - Low
45 <365d - FH DI>1 Low

* PR SO LR &RV ER] 1 INSSL-MYCN(+)

A Y A 7 SRl 2 AT, ERESGE R G o THE
EHTHZRETH LD TH L. FOHM
i, EER AR L OOWRER IR Y S
TERTALEILTHS.

A 5 h 7Y & 0% International Neuro-
blastoma Risk Group (INRG) 2BV THE% %
MESMZ 541, IDRF & LT 2009 4E JCO 2
wFEaNY.

(7) IDRF #% (¥%3)

IDRFE 2006 33— v D F I —THh 5
Surgical Risk Factor (SRF) & L CBE I/,
European International Society of Pediatric
Oncology Neuroblastoma Group 2 &£ 5
LNESGI study DT 7 ~ 7 — MERT
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TFEEZERE 710 BIrR 352 B (49%) (2 SRF #3E%
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ANEEY RIS D - 724EFE SRF Bt 155 %)
11 # (14.2%), SRF & 363 i 22 %
(3.0%) & HEIZ SRF Mkl A <
SLEFRY & DRE (X SRE &I 5.0% 123 L,
SRF BBl 17.4% & SRF BBl A & I25E <
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# 2 INRGSS-International Neuroblastoma Risk Group Staging System

Stage L1: Locoregional tumor not involving vital structures as defined by the list of Image Defined Risk Factors
Stage L2: Locoregional tumor with presence of one or more Image Defined Risk Factors

Stage M: Distant metastatic disease (except Stage Ms)

Stage Ms: Metastatic disease confined to skin and/or liver and/or bone marrow

# 3 IDRF-Image Defined Risk Factors

Ipsilateral tumor extension within two body compartments
Neck-chest, chest-abdomen, abdomen-pelvis

Neck:
Tumor encasing carotid and/or vertebral artery and/or internal jugular vein
Tumor extending to base of skull
Tumor compressing the trachea

Cervico-thoracic junction:
Tumor encasing brachial plexus roots
Tumor encasing subclavian vessels and/or vertebral and/or carotid artery
Tumor compressing the trachea

Thorax:
Tumor encasing the aorta and/or major branches
Tumor compressing the trachea and/or principal bronchi
Lower mediastinal tumor, infiltrating the costo-vertebral junction between T9 and T12

Thoraco-abdominal:
Tumor encasing the aorta and/or vena cava

Abdomen/pelvis:
Tumor infiltrating the porta hepatis and/or the hepatoduodenal ligament
Tumor encasing the branches of the SMA at the mesenteric root
Tumor encasing the origin of the celiac axis, and/or of the SMA
Tumor invading one or both renal pedicles
Tumor encasing the aorta and/or vena cava
Tumor encasing the iliac vessels
Pelvic tumor crossing the sciatic notch

Intraspinal tumor extension whatever the location provided that:
More than one third of the spinal canal in the axial plane is invaded and/or the perimedullary leptomeningeal spaces
are not visible and/or the spinal cord signal is abnormal

Infiltration of adjacent organs/structures:
Pericardium, diaphragm, kidney, liver, duodeno-pancreatic block and mesentery

HEEY Y Y —B LKA T 1991 455 (O IDRF D¥lE

2008 4E F TITHREER L 72 PR Mk A E 3F T 103 451 IDRF i3 28 1 (27%) 282» Hh, IDRF
1281 5 IDRF OFFli & %A HENIIT 72, 7 FPEplE R, ~ AR 7Y ==
vy — FRAETH S LNESGl OFEITH L, (MS) FERBPEEIIAZR L (61% vs 93%),
T4 OB TIREFICB VT, DNRRGHREE MEEEE L CHEARA S NEA LA E
(KRBEAF LB REREEE Y > 7 — Tl EE] WA e Ao T (2% vs T2%). £ 7z,
SeHE) WL AEBHEICIVEEL-HTED LNESGL & o l# i, IDRF B 49%
BENELDLEEZTHDY, (352/719 #) \ZH LAF D 28.4% i3 A E i<
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