International Neuroblastoma Risk Groups

(“confounding™) of age when histology is used in a risk-group schema that
indudes age. To determine which histologic features were independently
associated with outcome, tumor grade (differentiating v poorly differenti-
ated or undifferentiated), MKI (low or intermediate v high), histologic
category (GN-maturing or GNB-intermixed v GNB-nodular or NB), and
age (< 547 v = 547 days) were analyzed with EFS tree regression.'71%3!

Methods to Reduce the Number of Prognostic Variables

The 35 potentially prognostic factors were consolidated to 13 for
analysis. Only factors where data were available for more than 5% of the
8,800 patients were included. Because Shimada and INPC are similar,
histology data were consolidated into a single system. INPC was the de-
fault, but Shimada diagnosis, grade of tumor differentiation, or MKI were
used if the corresponding INPC value was unknown, INSS was selected as

the staging criteria. In situations where INSS and Evans definitions were
the same (ie, INSS stage | = Evans stage I), Evans stage was used if INSS
was unknown. Unbalanced 11q LOH and 11q aberrations data were com-
bined into a single variable: “11q aberration.” Similarly, 1p LOH and 1p
aberrations were combined into the variable “1p aberration.” 17q gain data
were available for less than 5% of the patients, so 17q was not further
analyzed. Using univariate analyses, six primary tumor sites were cansoli-
dated into one binary variable (adrenal v nonadrenal), as were eight met-
astatic sites (presence of metastases v no metastases),

The TNRG database included a crude categoric variable for initial
treatment. However, no statistical adjustment for treatment was per-
formed. Because has been d for many years using prog-
nostic factors, group isc ded with the prognostic factors,
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resulting in reduced ability 1o detect the effect of a prognostic factor if
adjustment for treatment is made. Therefore, instead of statistically adjust-
ing for treatment, past hoc interpretation and the delineation of pretreat-
ment groups were based on knowledge of how groups of patients had been

Methods to Identify Prognostically Distinct Subgroups

The methodologic goal was to identify subgroups that were both statis-
tically and clinically significantly different from one another, such that result-
ing subgroups of patients would be as homogenous as possible in terms of
biology and outcome. The prognostic significance of the 13 factors was tested
in the overall cohort, and the one with the highest y* value was retained to
create two subgroups or “nodes.” The remaining factors were then tested
within each node. This process was repeated within each node until the sample
size was too small to proceed, or until no further statistically significant vari-
ables were found. In some nodes, the number of patients with kmown values
for all factors being tested became too small for multivariate analysis. In this
situation, factors were tested in a pairwise fashion in the model. The winner for
each comparison was recorded, and the factor with the most “wins” was
deemed necessary to overcome the problem of missing data.

mESUOS L

INRG Cohort

The proportion of patients in the INRG analytic cohort of 8,800
was fairly evenly distributed between North America (48%) and Eu-
rope (47%), plus patients from Japan (5%) (Table 1). Tables 2 and 3
and Appendix Table A2 (online only) summarize the clinical and
biologic characteristics of the cohort. The overall 5-year EFS and OS
rates were 63% = 1% and 70% = 1%, respectively, with median
follow-up of 5.2 years in 5,819 patients alive without an event. The
assumption of proportional hazards was not violated for either EFS or
OS except for 17q gain and skin metastases which were of no conse-
quence because they were not among the final 13 risk factors evalu-
ated. Also, at each split of the survival regression tree, the assumption
of proportional hazards was upheld for EFS and OS.

The EFS tree regression analysis was performed on the basis of
INSS stage. As described in Monclair et al,"* an analysis of SIOPEN
data (n = 474) found both INSS stage and INRGSS highly prog-
nomcofEPS.mdwhdnudﬁuGemnmtdy“Thzsumm
analysis supports the translation of EFS tree regression results (in
terms of INSS stage) into the INRG Classification system (in terms of
INRGSS): INSS 1 —INRGSS L1; INSS 2,3 —INRGSS L2, INS5 4 —
INRGSS M; and INSS 45 — INRGSS MS.

Age

The predictive ability of age was shown to be continuous in
nature in the analysis of COG patients (n = 3,666) and within the
balance of INRG patients. As recognized by the Task Force, it would be
optimal to evaluate age as a continuous variable for risk stratification
because outcome gradually worsens with increasing age. However,
using two age groups was considered more feasible for these analyses.
The analysis of non-COG patients within the INRG cohort confirmed
the findings of London et al,*® with support for an optimal “cutoff”
between 15 and 19 months. For practical reasons, the Task Force's
consensus was an age cutoff of 18 months (547 days) for the INRG
classification system. Although the cutoff could be anywhere in this
range, once selected, this age cutoff must be consistently applied as the
exact number of days. However, for patients with diploid, stage M,
MYCN nonamplified tumors, the Task Force elected to use the more
conservative age cutoff of 12 months (365 days).

LDH and Ferritin
The median value to dichotomize LDH was 587 U/L, and for
ferritin was 92 ng/mlL.

Tumor Histology

In the EFS tree analysis testing histologic category, grade of tamor
differentiation, MKI, and age, we found evidence of independent
prognostic ability of each factor. This was tested in half the patients

Table 3 Genetic Characteristics of the Intemnational Neuroblastoma Risk Group Analytic Cohort (N = 8,800
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(randomly selected) and the results confirmed in the other half. Excel-
lent outcome was seen for patients with GN-maturing and GNB-
intermixed tumors. For patients with GNB-nodular and NB tumors,
age (younger than 18 v = 18 months) was the most statistically signif-
icant factor. Within patients younger than 18 months with GNB-
nodular and NB tumors, high MKI was associated with significantly
lower EFS than low/intermediate MKI. Within patients 18 months of
age or older with GNB-nodular and NB tumors, undifferentiated or
poorly differentiated grade was associated with significantly lower EFS
than differentiating grade. To prevent confounding of the effect of age,
we analyzed histologic features (histologic category, MKI, and grade of
differentiation) in lien of the INPC.

Primary Site and Metastases

Adrenal primary tumor site had statistically significantly worse
EFS than all other primary sites combined. For metastases, the most
significant split was the presence versus absence of metastases.

EFS Tree Regression Analyses

The presence of classic metastases was the most significant prog-
nostic factor in the EFS tree regression analysis of the overall cohort.
The EFS and OS of INSS non-stage 4 (including 4S) patients were
83% = 1% and 91% * 1%, respectively, and 35% % 1% and 42% =
1% for children with stage 4 disease (Fig 1A).

Subclassification of Non-Stage 4 Patients
Within the patients with non—stage 4 disease (INSS stage 1,2, 3,
and 485), histologic category (ie, GN-maturing and GNB-intermixed
versus GNB-nodular and NB) was the most powerful prognastic factor
(EFS: 97% = 29 and 83% =1, respectively). Of the 162 non-stage 4
IN'SS stage patients with GN-maturing or GNB-intermixed, only two
had MYCN amplification, and both were alive without event at the
time of this analysis. Because these tumors have a distinct dlinical
nature, the cohort of GN-maturing and GNB-intermixed was re-
garded as a terminal node. Within non—stage 4 GNB-nodular and NB
patients, MYCN status was the most powerful prognostic factor (Fig
1A), Patients with MYCN-nonamplified tumors had EFS of 87% =
1% and OS of 95% = 1%, and 46% * 4% and 53% = 49 for patients
with MYCN-amplified tumors. Within the MYCN-nonamplified co-
hort, patients with stage 1 disease had significantly better outcome
than those with stages 2,3,4S (EFS: 93% = 1% v 82% = 1%; OS:
98% = 1% v92% = 1%; Fig 1B). EFS for stage 1 patients with normal
chromosome 1p was statistically better compared with those with 1p
aberration (94% X 2% v 78% =* 10%). However, OS was excellent
regardless of the status of chromosome 1p (normal 1p: 99% = 1%; 1p
aberration: 100%). Therefore, 1p status was not included as a criterion
in the INRG classification system and stage | was a terminal node.
survival rates for patients with stages 2, 3 disease (EFS:
82% =X 1%; OS: 92% =* 1%) and stage 4S patients (EFS: 82% =* 2%;
08:919% = 29%) were not statistically significantly different, treatment
intensity differed. Because there are different treatment approaches in
this group (45 disease is commonly observed whereas treatment for
stage 2 and 3 tumors is surgery with or without chemotherapy), stage
2, 3 patients were split from stage 45 patients for further survival tree
analyses. Within stage 2, 3 patients, those younger than 18 months old
had statistically higher EFS than those 18 months of age or older
(88% = 19 v69% * 3%). In MYCN nonamplified stage 2, 3 patients

www: jco. org
Information downloaded from

;ascopubs.
Copyright

younger than 18 months old, 11q aberration was the most highly
prognostic of the biomarkers evaluated, with lower EFS (60% = 20%)
and OS (84% = 149%) than normal 11q (EFS: 83% * 59%; OS: 98% *
29; Fig 1B).

In patients with MYCN-nonamplified stage 2, 3 tumors who
were 18 months of age or older, 11q aberration was the most statisti-
cally significant factor, but grade of tumor differentiation was also
highly significant and identified additional poor-prognosis patients
without evidence of 11q aberration (Fig 1B). The Task Force therefore
decided to combine 11q aberration with grade into a single prognostic
factor, categorizing patients who had either 11q aberration and/or
undifferentiated (or poorly differentiated) histology (EFS: 61% =
119%; O8: 73% = 11%) versus those who did not have either one of the
poor-outcome features (EFS: 80% * 16%; OS: 100%).

Within the patients with MYCN-nonamplified stage 45 tu-
mors, 11q aberration was the most highly prognostic factor (11q
aberration—EFS: 38% = 30%, OS: 63% * 38%; normal 11g—
EFS: 87% % 7%, 0S5:97% = 4%). The number of patients within this
cohort is small, and additional evaluation will be needed to further
evaluate the impact of 11q aberration in this subset of patients.

MYCN-amplification was detected in only 8% of patients with
stage | to stage 4S disease (Fig 1C). Although EFS rates for stage |
patients were not statistically significant different from those of stage 2,
3, and 4S patients, less intensive treatment was administered to pa-
tients with MYCN-amplified stage 1 tumors, Because of the difference
in treatment strategies, further survival tree analyses were performed
separately in stage 1 patients versus stage 2, 3, and 4S patients. LDH
was most highly prognostic for patients with MYCN-amplified stage |
tumors (< 587 U/L—EFS: 55% = 15%, OS: 85% * 10% v = 587
U/L—EFS: 40% =% 22%, OS: 58% £ 22%) and within the stage 2, 3,
and 45 subset (< 587 U/L—EFS: 67% % 9%, OS: 72% * 8% v = 587
U/L—EFS: 43% * 5%, OS: 47% = 5%). LDH is known to reflect
tumor burden, and of the 169 MYCN-amplified stage 2, 3, and 4S5
patients with elevated LDH, 729 were stage 3. In view of the small
number of patients in this cohort and the nonspecific nature of LDH,
the Task Force decided not to include LDH in the classification system.

Subclassification of Patients With Stage 4 Disease

Age was the most powerful prognostic variable within 3,425
patients with stage 4 disease (Fig 1D). Children younger than 18
months had EFS and OS rates of 63% * 2% and 68% * 2%, respec-
tively. Children 18 months of age or older had EFS and OS rates of
23% * 1% and 31% = 1%, respectively. Although serum ferritin
(< v=92ng/mL) was shown to be prognostic in the cohort of patients
age 18 months and older by the EFS tree regression, outcome was poor
in both cohorts, with EFS rates of 43% = 4% and 20% = 29, respec-
tively. Further statistically significant splits for MYCN status were
identified within both ferritin cohorts (< v = 92 ng/mL), but EFS and
OS were poor in all of these subsets, Thus, serum ferritin did not add
clinically relevant information in this cohort of patients with poor
prognosis and was not included in the INRG classification schema.
Within patients younger than 18 months with stage 4 disease, MYCN
status was the most powerful prognostic factor. EFS was 83% * 2%
for children younger than 18 months with stage 4 disease lacking
MYCN amplification versus 26% = 4% for those with MYCN-
amplified tumors. Within MYCN-nonamplified patients younger
than 18 months with stage 4 disease, ploidy had prognostic signifi-
cance, Patients with a DNA index greater than 1.0 had EFS of 85% =
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39, whereas EFS was 71% = 10% for DNA index 1.0 or less. Although
EFS for patients with stage 4 tumors younger than 12 months were not
statistically significantly different from those 12 months or older to
younger than 18 months, substantially higher-intensity treatment reg-
imens were administered to patients who were 12 to younger than 18
months of age. On the basis of ploidy data and the excellent outcome
of young children with stage 4 disease with favorable biologic features,
several cooperative groups have developed clinical trials testing reduc-
tion in treatment for this cohort, In patients with diploid, MYCN-
nonamplified stage 4 tumors, clinical justification was used to split
patients younger than 12 months from 12 months and older to

B4 © 2008 by American Society of Clinical Oncology

younger than 18 months of age, as the international consensus is that
the intensity of therapy should not be reduced in this later group.

INRG Classification System

In summary, the consensus INRG classification schema in-
cludes the criteria INRG stage, age, histologic category, grade of
tumor differentiation, MYCN status, presence/absence of 11q ab-
errations, and tumor cell ploidy. Sixteen statistically and/or clini-
cally different pretreatment groups of patients (lettered A through
R) were identified using these criteria (Fig 2). The proportion of
patients grouped using EFS cut points for 5-year EFS of more than
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Fig 1 Intermational Neuroblastoma Risk
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85%, more than 75% to = 85%, = 50% to < 75%, or less than
50%, were 28.2%, 26.8%, 9.0%, and 36.1%, respectively (Table 4).
The categories were designated as very low (A, B, C), low (D, E, F),

intermediate (G, H, 1, J), or high (K, N, O, P, Q, R) pretreatment
risk subsets.

In recent years, the need to develop an international consensus for
pretreatment risk stratification for children with NB has become in-
creasingly apparent. To achieve this goal, an international task force
established the INRG dassification system. The prognostic effect of 13
variables in an 8,800-patient cohort was analyzed, with EFS, not OS, as
the primary end point for the reasons identified earlier in this article.
The INRG dlassification system inchudes the seven factors that were
highly statistically significant and also considered dlinically relevant.
Similar to other series, patients with widely disseminated stage 4 dis-
ease had significantly worse outcome than those with locoregional
disease or stage 45 NB."** As described in the article by Monclair et
al," a new pretreatment staging system was designed for the INRG
classification system. 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 disseminated dis-
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ease, analogous to INSS stage 4. Similar to INSS stage 45 tumors,
metastases are limited to skin, liver, and bone marrow without cortical
bone involvement in INRGSS MS disease. However, the definition of
MS has been expanded to include toddlers age 12 to younger than 18
months and large “unresectable” primary umors (L1 or L2). As dis-
cussed in the companion article by Mondlair etal,"* the inclusion of L2
tumors is based on the excellent outcome of all 30 children enrolled on
the STOPEN 99.2 trial who met the criteria for INSS stage 4S disease
and, in addition, had midline infiltration of the primary tumor, after
treatment with a few cycles of chemotherapy or observation alone (B.
De Bernardi, personal communication, February 2008). Although
there is some concordance of patients between the INRGSS and the
INSS staging systems, the two systems differ in the sense that the INSS
staging system contains inherent confounding of surgical treatment
versus extent of tumor, whereas INRGSS removes that confound-
ing because it is assigned before surgery. The important similarity
of the two systems is that INRGSS retains the prognostic value of
staging that has been well documented for INSS staging, with
statistically significantly higher EFS for L1 compared with L2.
There is statistical justification for use of INRG staging for assign-
ing patients to pretreatment groups, although prospective evalua-
tion of the risk grouping based on the INRGSS staging system will
be mandatory.

The analysis of the INRG data confirmed that the predictive
ability of age is continuous in nature for NB. By convention, virtually
all cooperative groups have used the 12-month cutoff to determine
risk.' Similar to a previous study of COG patients,™ our analysis of the
INRG cohort indicated that the optimal age cutoff is between 15 and
19 months. Children age 12 to younger than 18 months with hyper-
diploid stage 4 disease who lack MYCN amplification have excellent
outcome when treated with intensive therapy on high-risk clinical
trials. **** These results suggest that therapy may be reduced safely ina
subset of young children with stage 4 disease, and dinical trials testing
this question have recently been developed. An age cutoff of 18
months (547 days) was, therefore, selected for the INRG dlassification
system for all children except those with diploid, stage M tumors
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without amplification of MYCN for whom the more conservative,
12-month cutoff will be maintained.

Tumor histology is another well established prognostic variable
in NB."*"* To avoid confounding of age and INPC, we tested histo-
logic category, MKI, grade of tumor differentiation, and age in the EFS
tree regression analyses in lieu of INPC. We found that histologic
ciated with EFS. Consistent with the inferior prognosis that has been
reported in patients with Shimada unfavorable histology INSS stage 3
tumors that lack MYCN amplification,™ we found that outcome was
worse for patients age 18 months and older with MYCN-nonamplified
stage 2, 3 poorly differentiated or undifferentiated tumors compared

To accurately stratify patients with locoregional tumors using
the INRG classification system, sufficient samples of tumor tissue
will be required for genetic/expression studies and for histologic
category determination. In addition, there is a need for wide-scale
education of pediatric pathologists to ensure that different his-
topathologic grades are uniformly and reproducibly recognized.
The challenges of distinguishing GNB-intermixed from GNB-
nodular are significant when the entire tumor is not resected.
Surgical biopsy needs to be guided by the radiological appearances
of the tumor, with any heterogeneous areas targeted. Adequate
tissue samples are mandatory to evaluate histologic grade of differ-
entiation in locoregional NBs that lack MYCN amplification in
children 18 months of age or older. In most cases, multiple “true-
cut” cores will yield sufficient tissue to determine tumor grade of
differentiation, but fine-needle aspirates are not likely to provide
adequate quantities of tissue for histologic analysis and are not
appropriate. In metastatic tumors, fine-needle aspirates may pro-
vide adequate information for genetic analysis.

A number of genetic aberrations have been identified in NB
firmed the unfavorable prognostic significance of MYCN amplifica-
tion, and in the INRG dlassification system, MYCN status is used to
stratify patients into different pretreatment risk groups. We also found
that 11q aberration was associated with worse outcome in patients
with L2 or MS tumors that lack MYCN amplification. Similar to
previous studies,”*"** the prognostic value of DNA ploidy was dem-
onstrated in children younger than 18 months of age with stage 4
ing standardized methods for evaluating MYCN copy number, tumor
cell ploidy, and other genetic aberrations in NB tumors will be re-
ported in a future article.

Recent studies suggest that low-risk tumors may be best defined
by the absence of MYCN gene amplification and any structural genetic
abnormalities, (including either 11qand/or 1p aberrations and/or 17q
gain).**"’ The Task Force agreed that it would be optimal to evahuate
ever, because this type of analysis is not routinely performed by the
large cooperative groups, incorporation of more global genetic datain
the current INRG was not considered feasible at the present time. The
immediate challenges are (1) to ensure that adequate tumor material is
available for prospective “comprehensive” genetic investigations on
every patient and (2) to identify technologies that are not cost prohib-
itive and will yield rapid and reproducible results. It is anticipated that
the future INRG classification system will rely on the genetic profile of

26 © 2008 by American Socasty of Clinical Oncalogy

NB tumors, rather than the presence or absence of individual ge-
netic abnormalities.

A limitation of this analysis is that there was no statistical adjust-
ment for treatment, and therefore, patients in any of the 16 lettered
rows may have received very different therapy. It is intended to extend
the INRG database prospectively, and it will be critical to collect data
on details of therapy.

In conclusion, the INRG classification system will ensure that
children diagnosed with NB in any country are stratified into homog-
enous pretreatment groups. We strongly recommend that cooperative
groups begin using this risk schema now. The very low-, low-,
intermediate-, Mh@s—m&mmdﬁmﬂm&nﬂmm
cutoffs. These four categories were induded in the dassification
schema to assist treating physicians in evaluating the prognostic im-
pact of the combination of factors in each of the 16 lettered rows in the
been defined differently, we selected EFS cutoff values that are com-
monly used for treatment stratification at the present time. For exam-
ple, at most centers around the world, patients with features that are
associated with estimated EFS rates of less than 50% are treated with
intensive, multimodality strategies, whereas those predicted to have
more than 85% EFS receive minimal therapy. We anticipate that risk
group stratification will be further refined as treatment for high-risk
disease improves and genome-wide DNA and expression analysis of
tumors becomes more routine. It must be emphasized that we are not
recommending that treatment be assigned according to these four
broad risk-group categories. Rather, the key to reaping the benefits of
this system will be the assignment of patients in one of the 16 pretreat-
ment lettered designations in the INRG classification system toasingle
treatment group without splitting that row in different treatment
subgroups. We anticipate that eligibility criteria for treatment proto-
cols will likely include several of the 16 INRG pretreatment designa-
tions, and that the combinations of the 16 pretreatment groups that
will be included in clinical trials studies conducted by each of the
cooperative groups may be different. Therefore, it will be critical to
individually report the outcome of patients assigned to each of the 16
pretreatment designations. This approach will greatly facilitate the
comparison of risk-based clinical trials conducted in different re-
gions of the world, provide a platform to ask randomized surgical
questions, and lead to the development of international collabora-
tive studies.
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1. fEESFAEETAEIE OMRIE L EMFREY

International Neuroblastoma Pathology Classifica-
tion (INPC : ElpfabEESFMmE -8 (2, FiESFIED
SV T W RN OBITH D, W
huEFHFHARTTHS (XD, Kf§Tiz, INPC
iz & T % favorable histology (FH) B & unfavorable
histology (UH) 8, # X Uf ganglioneuroblastoma, no-
dular subtype (GNBn) ®##{# L o+ FEWFIEE
KoWTREBELLICE Y 02H Y 7 L7 L1 1l
*EOTHEHRT 5.

1. Favorable Histology (FH) ##

FH 8 & iX, poorly differentiated neuroblastoma
(poorly diff. NBL) % & differentiating NBL, ganglio-
neuroblastoma, intermixed, ganglioneuroma iz % 3
FEMHIGEOME - BIEE L OMERTH S, £
Y (= 1%, high-affinity nerve growth factor receptor
(TrkA) ® F#EH '8 {, DNA index iZ near-triploid
(hyperdiploid) # 7~ L, MYCNR{EF DM 1p K
Rz 6o kv FEE L, TrkA ORB
AE L, pEMMd~Oa{EEEZL->THTY, 182
BAMTIZIE LA L O poorly difi NBL Dfft%
BLTEH, @@L -@EET 3£ TICR
—EDHMELELTZ (A1), VA @EELEE
DEBRICBLTHERICPE> TRE - RIS 5
#15, genomic DNA profile Ti2, whole chromosome
gain and loss %7 7%, MEMNICFHEREFL SNDA
IRMZEEEO KB OBIcEEh, vARAZ)—
Zy /7 ERAERREE L REATR, BROFEMIC
YL 2Bt ot - RBARE SN, ne
trin B4 TH S UNC5H4 12 p53D ¥ —% v FBET

“EN R A ER Y — TR
2 HEFRE - RS

938
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_ T
ERSSEEREEI T =

ThHY, p33ENLEMBOEEEAS,L vF /T3
% & >¥ p53 mutation 2, EMETNBL (21238
oy, UNCSH4WZFHBICE WTHBMIH (.,
NBLOHABMBM S LW TEEAGR2RALT
w3 #2645 (unpublished data), FHEICE
B5EMIBETERIZ0E1%, SEEGFRIZTEL% L
UHBf (5EMMEFE$E3043%, S5HEEHEREI%)
CHELTBRICTRAEFTHZY, FHEKR, B
HBRET 240901t - KAL TWL{ b DHH 525
BEDOHE, (LRG> Tl Y
KT RS A 602", BREAROBTE P B #t
DPREICH o> TR FHBOEYFIHEZ 7B
BEaZLEETHS.

2. Unfavorable Histology (UH) B

OB, MR, b - BRRERSE R
& & #1172\ undifferentiated NBL & & C4EBIR M D 4
{t - B2 R & 2 W NBL A& 4, MYCN 54 0R
EMYCNFERIORREI & (KRl 2 h 5,

MYCNEHEEEZ, MYCNWEIZLD, TrkAD
RBEMET I & Ml b, MaMEORES 7
b= 20RMBEZ 2728, B2ERT L) %2R
ME k&2 2T 2%, DNA index i3 near-dip-
loid #7~ L, genomic DNA profile Ti%, 1p deletion
(1p36LOH), 17q gain #7 L, D DNA 2 —#D
AHREHETHIY, UHBMYCNHERE B35
EEBEFEIZBE5%, SEEFRIZ2945% T,
UH B MYCN FES RIS (5 F MR EFHE464%, 5
FEFEIZSTE4%) ICHKL, FRTRTHSY,

UH#D#12/3  MYCNEMBEZTH D, MY
BiCERHY DL - R RS LVRETH 555,
EMENHER o CBHEE ATV, TrkARER
REVLODLEVLOITRL TSI, TrkAD
HEH ¢ T HEBENIC L EREY Dok - BB
Z o 5 # ik v genomic DNA profile T if, 3p-,
4p-, llg-, lg+, 2p+, 12q+, 17q+ R ¥ DEFDOR

0287-3745/08/%100/ W AJCLS




International Neuroblastoma Pathology Classification (INPC)

Favorable histology (FH)

Unfavorable histology (UH)

Ganglioneuroma
Maturing
Mature

Ganglioneuroblastoma, intermixed

Ganglioneuroblastoma. nodular
Favorable subset

Ganglioneuroblastoma, nodular
Unfavorable subset

Neuroblastoma, undifferentiated
any MKI

Neuroblastoma, poorly diff
low/intermediate MKI

Neuroblastoma, poorly diff
high MKI

Neuroblastoma, differentiating
low/intermediate MKI

Neuroblastoma, differentiating
high MKI

Neuroblastoma, poorly diff
any MKI

Neuroblastoma, differentiating
low MKI

Neuroblastoma, differentiating
intermediate/high MKI1

Neuroblastoma, poorly diff/differentiating
any MKI

trk AL/T 3 (log)

O poorly diff NBL
O differentiating NBL

W (H)

E1 TrkA 8B ELEMRES (poorly diff. NBL, differentiating NBL) 18# HAMTIE, TrkA SSRETH- T LEEAZN
IDRESETH S, 180 AL EIZA 3 & TreA MFHMMN X b 41k L 7 differentiating NBLORE BT 3,

RIBEEER 2008 Vol.26 No.9




TR Syl o .8 o=
®2 unfavorable histology (UH) BMYCN HEIME 2R2»AS

ROMWESE) neuroblastoma, poorly diff. subtype. high MKI®
ch s,

WARRTHLDNA 2 E—#OREHERD & 17z OhE
HE oMY, R, MYCNIEMENEEC v Tun
balanced 11q LOH (unb 11qLOH) # X Uf 1p36LOH
N L A FRFARETFTHS C LSWEShrY,
unb 11qLOH #7R7 Wil Tit, AEOZBEORE M
BRI 70% DIEM THBE LD LLHIFENS
%% unb 11qLOH % 7% ¥ B8 {2 UH 8%F MYCN JE 18
EHEOWBRECTEY, ol TE
P T HRET SR ZHE L Toukn,

3. Ganglioneuroblastoma, nodular subtype (GNBn)

GNBn (2% 7 u— >/ 5 #R & 11 3 composite
tumor T, PIMRAYIC IZBE A B @ M % f£ 5 NBL
(stroma-poor tumor) @ & fili#¢, H ¥ @ GNB. in-
termixed subtype & % \» 13 ganglioneuroma (stroma-
rich/stroma-dominant tumor) P ICB O 6 1 5,
GNBn 910 NBL B4 %ilis @ NBL & iR, i,
454t - B HEE, MKI (mitosis karyorrhexis index) #
EELLToSTALick Y, GNBnidPEREZ
favorable subset & F# F H % unfavorable subset iZ
4rit s L3a'",. favorable subset @ stroma-poor tumor
¢ stroma-rich/stroma-dominant tumor & |2, ##&
BERLZLOD, YL 6 LERBIGOTT - BRE
LTw{FHBLtRALEMENREEZ LD, — A,
unfavorable subset @ GNBn (Z & \» T I3, stroma-
rich/stroma-dominant tumor & FH 8 &£ [ #& @ non-
aggressive clone T& 5% 4%, stroma-poor tumor it
UH B, aggressive clone TH 5. HERICET 3

940 FECEE 2008 Vol.26 No.9

—343—

stroma-rich/stroma-dominant tumor £ stroma-poor
tumor @ (5 & % Ml & 1284 T, stroma-rich/stroma-
dominant tumor #5E L A EE LD ZB/EICE, EW
DB H TV v /25 —07 8, EREHMEND
HPEYENHE (MYCN WL L) PRETE 2w
IEMHD, PlAiEstage AT, BRBROF oIS
it dmic X 2 #l#4° ganglioneuroma @ {§ % R ¥4
iz, GNBn EEbh 30T, GER () o
HMENREILBE LB,

I.¥ B &

bRz iFFE T 2 WSO 42 THEM £ £ O
WELEhTH 2 ETERER, WoEMaANE 7
TFEA FIRgic2wT, BADOFEy 7 22RO E
#Ta, /RO WMY T, metanephric stromal
tumor, metanephric adenofibroma, anaplastic
sarcoma of the kidney % ¥ @ #i 7= 22 Bl:& o) BE 5 H3 98
HEh, & - BFAME LTRSS Ewing Al 7 7
3 ) — MBS I bR ET B T LAlRETF
BT OMER I L DHREIC 2> TE T3,

1. W3 nephroblastoma (Wilms tumor)

WA BE (Wilms HUE) 42, Ti6 V203 o0 o LA A (R L
f-fEmEE R T RENSKRAEEETH 2. FLOR
O RS TR OHEIE D, BRPETORER
12, LEEMIIC100M kM LiERN SN 5, #HBENIC,
BEFERICEL L e TR, B
HUgsy, MERSHHi4 OWAETRELTYVLS, BY
TEMRBaLE, B0 0B T AL OO R AR Rl L L 727
EERT, M- lAET2ZoeF rOBRRTEES
HTafileT, CEAESZZEMRICHMT 3,
R, o¥y MRoMETEL ORBEIZSEL
REFS 0, BCRPLEPEREET MEL
Ebaons, BEMSE, SMEFMHEROND, B
SRR % oht, B, BE, BiiLsEraons s
Lbds, hoD3MAETHRED SN DM (tri-
phasic) 2\ L BN TH 32, 2EWOR T L 6
% biphasic & % \» i3 1 ¥ %D & 5 & Al 5 monophasic
DEELH S,

7 A1) 5Tl NWTS (National Wilms Tumor Study
Group) Z L c G ENME X W (BEIXCOG:
Children’s Oncology Group), B#ICE#L Z D8k
EMELTI 7o ba— L 2R RBLTE -, HHE
@ £ #& ¥ % favorable histology (FH) & unfavorable
histology (UH) (focal % 7: {2 diffuse anaplasia Zf§9




E3 anaplasia EfF 5 W
Bparaons,

FE0E) 4o 8 L 346 5 1 % B2 L T 2 /-, anaplasia i3,
EX4E (Moo MEfao 3 5l L) L £tk
BaRARCE-THEST N2 (B3), 4%, focal
anaplasia | anaplasia 2SBREMAYIC 10% ML Fo# &%
f§L Twds, BMETI, anaplasia % 78 T §IK 53,
B & DA AHH T, BWEREICRBL, »2, ana
plasia %2 WHIRTE L WHOSZBEP 7 o< F
fikHsfz 2 L LE#E N T3, focal anaplasia BL4
{2 diffuse anaplasia T& %. anaplasia 1 ¥ 2 ¥ 1,
Lt £ 2 TE D, $5ic diffuse anaplasia
DFH, WOTFEFRETLERS. —#, 3~y A
T &, SIOP (International Society of Paediatric On-
cology) I= & D iEHEN IR X TE/, SIOPX, i
Wb MEEZ T T ol T 2 IAREERE L T
Bh, BMBOHEMBIC L OBWMEEREL T
A5 FFICSIOP oM 8T, (¥ &
DS EEICRELCLE LTV EEEI,
low risk tumours & 1%, B, #EFMERTIZ
LM I 2D S 248, (Lt o BB A
TEEFMER S B3, BREE2S 5
EEA 6N, high risk tumours L Eh 5, 7, dif
fuse anaplasia Zf# 5 #E# 4, high risk tumours & X
nTw3,

NWTS & SIOP @itk i, iAo TH 5
5, NWTS D&, MR MEEMBN IZ L b Gk
ERETELMESHD, —F, SIOPDBE, b
PR X MR O - o B oWRTEEOE L
CUBRNER L2 2 FORgEMETFoNn S, RIE
DEWIE Y v — 7T H 5 JWITS (Japan Wilms

LT T

B4 BANFEET GWFFEE, FEHERACNELTLE,

Tumor Study Group) Ti3, NWTSE#k, B#I-W
W70 b2 —NERALTLEY, HBERICE->T
i%, SIOP [k, {L¥MEHRCERL Tw5, #0E
T, 7RG o SR S — R R PR R e 1
B2 0EBRRINTVizAS, 200842 Bl
HHBIFERSMROT 2T F 2 2D MK E h,
BN O B WEAR 23 O WAE (2/38 E% 5o 2
B & 2F e aWARE L,

2, W88 nephrogenic rest, W HESE neph-

roblastomatosis

SRR, RSBl RS20
#Fioh, BEHOREBMEBEEL TV, BF
MifE i, SRR SRE, R UFAKCHE
ET2HETHD, GTHMERIRZ, Zo0REMAC
& b % 4 % 4 4B 2 intralobar nephrogenic rest
(ILNR), 37 % i ¥ &1 & ¥ 2 perilobar nephrogenic
rest (PLNR) (oS5, EBEIAGHA LB 3FME
HDBWBEEICACNS LEh, KHTIZILNR %
{PLNRiZf§TdH 3, BWNHSERFAED:D I
[ < B0 @ & DBAEMUIRETH S|

ILNR iz, BHROEN, TobtHHEOMEL 2
NEMYBACEAE» MRS W 2BHEONS, HIcH
HABEICHFET 2, HATHMLHNE T, BRI,
M Sy, ERRSH 4 D& CRET S, Wil
(FEREPRMT) LETHESERORIHBADERL
BrH3HFETHILHE (M), —F, PLNRIZ
BEOIRMBISHFET 5, Hobeny 5 oIng 5%
8, ERES%ASZ LS EEEHEREIZAR
AIIZHE S ICBE T ¥ 2 hyperplastic rest 25, BT

RELBERE 2008 Vol.26 No.9 94]



@5 WS7FS FIE a:HERG ANEEHT SHEMMRREECHNL T3, 77F4 FRBSEIEZ0M

AL

L%y, b BAFATRE, MESHMOML, BAFSTEHTSS.

% rest ¥ CTAET 5, hyperplastic rest TIZE M &
ZiIFFEEOMEONMMMALND o, £ETIE, B
FHEOENIAELIL LD S,

3. EOHHBSPIME clear cell sarcoma of the kidney

(CCSK)

ErOA MR 7 7 F 4 PSS &35, 0 R
HHROBEASIHICEWTEHFHE F2BELT
AEENTVRY, HoETHEFRE»SBEASH,
WrdgHRaraE, W 7K A KB L LT HHE O EE &
LTaBEntn3,

AR 2, 3MATEICHREL, BEBOMEISRY
BN TH S, BRE L huh, ARMICH
e zAGREEOEETH 5. HREN
iz, MEROmES 2 iz FREENE 24> T
BB R, BRI T 538 — IRy
T$H 5, MEMEoEz, SIFETRBLZ 70T
L, BAMERBIIELY, ERWLRERTIHE
MWEB B TE 2, i, HEORKMRZEL,
LREREEL L, Ay —vRLLZIENNED,
BWOEL WAL S, REHEMLESENIC, YA
FrBELLZ3 DD, CD3M4, 5100, FA I ¥,
MIC2, ¥4 F4# 5%, EMARBHELBEINT
VWY LELEFBTRTHAH, NWTSOH
Eic ks LEEMERICFFYALESL YEMABI L
ickh, EFEEFABICALL .

4. W57 K4 FHEE rhabdoid tumor of the kidney

(RTK)

%57 P4 P, ALRICIEFRT 2 BEEEDM

WTH2, bEb BTN L O L BLIED

942 | {REELEEEE 2008 Vol.26 No.9

577 FA F (Mg v el ohn
725, BRRU ICHET M L T A Iz, BT
ELRETAZ LR TED, FEEICLFARD
[ A% % T 2 (atypical teratoid/rhabdoid tumor :
AT/RT)., BEAERIMETICRIET 3,

AERAYIC I, BEEORS T, Hil - W5
EHEVEBECEMECHET S, ez, R
TeliME L KR T 2 MRS, E AR
Wit 5 (HE5a). LiFLiE, MECFsEtoH Al
ZRD5 (77 FA FHllla) 28, 43L& ML
HBET3bITIdR, BotcELtE->THATS
Z LA, — TSI O MRS R TR
LH 3, BRAET, ABEoBMEEEL, Kigiko
vuaeFrEHT S,

GIGHMLENICE, CAyFBiETHD, Y
4 b3+, EMAD—E O MBI L 3,
Yefa fh2oq 0 WK L 2 O ICHFET 52 SMARCBI
(hSNF5/INT1 /BAF47) BEEFORESHERFIC K
IFEERE STV S, 7, PR L HFR
IR RBAET 3 BRI TARET O MR T
DERLVEESINTWS, BAFUTHELX AW R
gefmid, FLAYOMRCEBETH LN, RTK T2
B s LS Eh TV (E5b)Y. AT/RT
THREROEENLENTED, RTKPAT/RTD
ENZHICBEIL T LNTES., LLEDNS,
% - PBR, renal medullary carcinoma 7% £ RTK EL
HOBESTH ZORBENESBEINTEN, HRE
2L TE SR IBAVAETHS,




. EEREESCSY S ckiciETTR

PERAREYEREME 2, FIRERNRBE ERLEL o T
B0, A, WRUACHEHEDERR LRV,
TROLBER, B, RN, SRR RS EA
PR E ¥ 2. [FERERMR A 48 E TSI
WicWm2h, TEEHETH D kit (KIT) 2HBL T
W, YA ¥ FTH5stem cell factor (SCF) 1258 %
) oERERICOTTREAR 2T L 2o RBHT
Lo, HEOFEHIZ LD FGEMMEIKRE6ED
EHlEE~LlEL, ZoBRER~LOETS, £
Miaoizd, Cajal i, #5744 ¢, HIFR, K
WA O 2 b - MBI B VL TSCF-KIT & A7 Al
ATHA.

KIT R ckit BMEFICI—FEh 22564 F o
»¥Fr—ETHh, fEMFUR, MEEEHETS, M
MM (BT E Fos o 3 —ERR 1,
I EOWREN3, ckit BETOERERICERT
% #§ i< 12, gastrointestinal stromal tumor (GIST),
HE WA fEAE/ MRt amE, €3/ —=h Y olf
FIETE RS, BMEAbl:EnsL: S 2S5, GISTIC
ALN D EARERIZHHIEBER (2 v > 11) o
FLTED, IEeELE/ R am i+ o
PUxF—Y¥EN (=7 Y 17 ONERERIE
Hohs, —HIEAERENE T, 19994 < Tian 5
#tseminoma/dysgerminoma 2 #liz = 7 ¥ > 17 (codon
816) DREARTERZFE LY, ckit BETOER
# %13, seminoma/dysgerminoma/germinoma @ 25
~38% LD SN BH, % DODEEHIBEME (yolk
sac tumor, gonadoblastoma, immature teratoma 7
E)icdZBoohnisw®™®  &d@kaenic KIT #
B2 K5 @ seminoma/dysgerminoma 22 & 1,
RRAEROBD SR WEEETH, MR B %
5. yolk sac tumor THRFICKIT BEMA LN S 55,
AR E L 5, GIST T}, Fui ¥4+ —
CYHERTHEA v F =7 EYTHLLINTVS
%%, seminoma/dysgerminoma/germinoma I= &2 & &
Nax 7Yy 1ITORERERD S L, D316V,
D816H mutant i34 v F = 7i8HitkTh 2 Z L 2
S, ZoBRIGHIZBL TS Sh2BN g
ha,
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