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BACKGROUND. The International Neuroblastoma Pathology Classification was es-
tablished in 1999 for the prognostic evaluation of patients with neuroblastic
tumors (NTs).

METHODS. Pathology slides from 746 NTs (the Children’s Cancer Group [CCG]-3881
and CCG-3891 studies) were evaluated according to the International Classifica-
tion. First, prognostic effects of the morphologic indicators (grade of neuroblastic
differentiation: undifferentiated [U], poorly differentiated [PD] and differentiating
[D]; and mitosis-karyorrhexis index [MKI]: low [L-MKI], intermediate [I-MKI], and
high [H-MKI)) for tumors in the neuroblastoma (NB) category were tested. Then,
prognostic significance of the International Classification for all NTs in four cate-
gories (neuroblastoma [NB]; ganglioneuroblastoma, intermixed [GNBI]; ganglio-
neuroma [GN]; and ganglioneuroblastoma, nodular [GNBn]) was analyzed. Finally,
age distribution of the patients in the four categories as well as three subtypes
(based on the grade of differentiation) in the NB category was compared.
RESULTS. There were 630 NB tumors, 30 GNBi tumors, 10 GN tumors, and 76 GNBn
tumors. In the NB category, prognostic effects of the indicators (three grades of
differentiation and three mitosis-karyorrhexis index [MKI] classes: low [L], inter-
mediate [I], and high [H]) were affected significantly by the age of the patients. The
age-linked evaluation of the indicators according to the International Classification
successfully distinguished two prognostic subgroups: the favorable histology (FH)
subgroup (PD/D and L/I-MKI tumors in patients age < 1.5 years, D and L-MKI
tumors in patients ages 1.5-5.0 years; 90.4% 5-year event free survival [EFS]) and
the unfavorable histology (UH) subgroup (U and/or H-MKI tumors in patients of
any age, PD and/or I-MKI tumors in patients ages 1.5-5.0 years, any grade of
differentiation, and any MKI class in patients age = 5 years; 26.9% EFS) (P
< 0.0001). The International Classification also distinguished the FH group (FH
subgroup with NB, GNBi, and GN tumors) and the UH group (UH subgroup with
NB and GNBn tumors) for all NTs (90.8% EFS and 31.2% EFS, respectively; P
< 0.0001) and provided independent prognostic information on both patient age
and disease stage (P < 0.0001). Among patients with FH tumors, the median ages
of patients with the PD and D subtype tumors in the NB category were 0.43 years
(range, 0-1.50 years) and 1.50 years (range, 0.02—-4.65 years), respectively, and the
median ages of patients with GNBi and GN tumors were 3.51 years (range, 0.96—
14.85 years) and 4.80 years (range, 1.94-17.05 years), respectively. In contrast,
patients with UH tumors generally were older when they were diagnosed, and with
median ages of 2.99 years (range, 1.30-8.84 years) for patients with U subtype
tumors, 2.59 years (range, 0.0-12.57 years) for patients with PD subtype tumors,
2.16 years (range, 0.35-9.90) for patients with D subtype tumors, and 3.26 years
(range, 0.57-15.90 years) for patients with GNBn tumors.
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P eripheral neuroblastic tumors (NTs), including neu-
roblastomas, ganglioneuroblastomas, and ganglion-
euromas, make up one of the most common groups of
solid tumors in childhood.! In 1999, the International
Neuroblastoma Pathology Classification (the Interna-
tional Classification) was established to standardize
the terminology and the criteria for the prognostic
evaluation of morphologic features of NTs.>* This is
an age-linked classification that adopts the basic con-
cept of the Shimada system, which was developed
originally in 1984. The prognostic significance and
biologic relevance of the International Classification
have been discussed in detail by the International
Neuroblastoma Pathology Committee in preceding ar-
ticles.>?

Modifications and differences between the origi-
nal Shimada classification® and the International Clas-
sification®® are summarized as follows: 1) Individual
categories have corresponding grades of Schwannian
stromal development in parenthesis: such as neuro-
blastoma (Schwannian stroma-poor); ganglioneuro-
blastoma, intermixed (Schwannian stroma-rich); gan-
glioneuroma (Schwannian stroma-dominant); and
ganglioneuroblastoma, nodular (composite, Schwan-
nian stroma-rich/stroma-dominant and stroma-
poor). 2) There are three subtypes; i.e., undifferenti-
ated, poorly differentiated, and differentiating, in the
tumors of the neuroblastoma category (the original
Shimada classification included only two subtypes of
undifferentiated and differentiating). 3) There are two
subtypes, maturing and mature, in the ganglioneu-
roma category and the ganglioneuroblastoma, well
differentiated subtype in the original Shimada classi-
fication is now renamed ganglioneuroma, maturing
subtype.

In this report, we present the results of our pa-
thology review by applying the International Classifi-
cation to a large number of patients from the Chil-
dren’s Cancer Group (CCG) studies, confirming its
prognostic significance and supporting the concept of
an age-linked framework of the morphologic features
in this disease.

CONCLUSIONS. This study confirmed the prognostic significance of the Interna-
tional Classification, substantiated age-linked prognostic effects of the morpho-
logic indicators for patients with the tumors in the NB category, and supported the
concept of an age-appropriate framework of maturation for patients with the
tumors in the FH group. Cancer 2001;92:2451-61.

© 2001 American Cancer Society.

KEYWORDS: neuroblastic tumors, histopathology, International Neuroblastoma Pa-
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MATERIALS AND METHODS

A total of 911 patients with NTs were enrolled on the
CCG-3881 and CCG-3891 studies from August 1, 1991
to August 1, 1995. Treatment protocols of these two
studies depended on risk groups®® defined by age,
Evans clinical stage,'® and tumor biology (MYCN sta-
tus,'* histopathology according to the original Shi-
mada classification,* and serum ferritin level'?). The
CCG-3881 protocol included biopsy or surgery alone
for low-risk patients and biopsy or surgery plus che-
motherapy for intermediate-risk patients. The CCG-
3891 protocol had aggressive treatment with or with-
out bone marrow transplantation for high-risk
patients. Appropriate informed consent procedures
were followed, and consent was obtained from par-
ents or guardians.

Among these 911 patients, pathology slides from
746 tumors that were either biopsied or removed sur-
gically prior to chemotherapy and/or irradiation, were
reviewed centrally and evaluated according to the In-
ternational Classification. Hematoxylin and eosin-
stained sections from these patients (1-42 sections
from each tumor; median, 6 sections per tumor) were
available for this study. A total of 165 patients were
excluded from this study: They included 102 unassess-
able patients due to a limited amount of tissue for the
histopathology evaluation, 61 patients with no pathol-
ogy slides available for the review, and 2 patients with
incorrect diagnoses (hepatoblastoma and adrenal he-
matoma). Of these patients who were excluded, 101
patients (61.2%) were diagnosed age = 1 year and had
Stage IV disease, so that the data in this series under-
represented this group of patients.

Histologic Evaluation

Histologic features were evaluated and recorded by
the reviewer pathologists (H.S., S.U., Y.M., Y.H., A.N,,
and S.G.) according to the International Classification®
without knowing clinical information (see Table 1).
The individual tumors were classified into four cate-
gories: neuroblastoma (Schwannian stroma-poor);
ganglioneuroblastoma, intermixed (Schwannian stroma-
rich); ganglioneuroma (Schwannian stroma-domi-



TABLE 1
International Neuroblastoma Pathology Classification

Category and subtype Prognostic group

Neuroblastoma (Schwannian stroma-poor)

Undifferentiated FH and UH subgroups, based
Poorly differentiated on the combination of age,
Differentiating grade of neuroblastic

differentiation, and MKI
class (see Fig. 2)
Ganglioneuroblastoma, intermixed (Schwannian FH
stroma-rich)
Ganglioneuroma (Schwannian stroma-dominant) ~ FH
Maturing
Mature
Ganglioneuroblastoma, nodular (Schwannian UH*
stroma-rich/stroma-dominant and stroma-
poor)

FH: favorable histology; UH: unfavorable histology; MKI: mitosis-karyorrhexis index.

Tumors in this category were classified into an unfavorable histology group according to the Inter-
national Neuroblastoma Pathology Classification. However, two prognostic subsets, i.e., favorable and
unfavorable, are distinguished based on the results of our recent study.'”

nant); and ganglioneuroblastoma, nodular (compos-
ite, Schwannian stroma-rich/stroma-dominant and
stroma-poor). The tumors in the neuroblastoma cat-
egory were further divided into three subtypes—
undifferentiated, poorly differentiated, and differenti-
ating—based on the grade of neuroblastic differenti-
ation. Three mitosis-karyorrhexis index (MKI) classes
(low, < 2% or < 100/5000 mitotic and karyorrhectic
cells; intermediate, 2—-4% or 100-200/5000 mitotic and
karyorrhectic cells; and high, > 4% or > 200/5000
mitotic and karyorrhectic cells) also were distin-
guished in the tumors of the neuroblastoma category.
The tumors in the ganglioneuroma category were clas-
sified into two subsets: maturing and mature.

Prognostic Analysis

Event free survival (EFS) and overall survival (OS) from
study entry were estimated by using the Kaplan—-Meier
method.'® The log-rank statistic was used to compare
the EFS and OS probabilities of the individual prog-
nostic groups. EFS and OS, if not otherwise listed in
the text, represent calculated rates at 5 years from
study entry. First, prognostic effects of the morpho-
logic indicators (grade of neuroblastic differentiation
and MKI) for the tumors in the neuroblastoma cate-
gory were tested individually. Then, age-linked prog-
nostic effects of these indicators were analyzed by
using the age cut-off points (age 1.5 years and 5.0
years at the time of diagnosis) according to the Inter-
national Classification. Based on the combination of
the grade of neuroblastic differentiation and the age of
the patients, the tumors were classified into five dif-
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ferent prognostic subgroups, i.e., undifferentiated
subtype in patients of any age, poorly differentiated
subtype in patients age < 1.5 years, poorly differenti-
ated subtype in patients age =1.5 years, differentiating
subtype in patients age < 5.0 years, and differentiating
subtype in patients age = 5.0 years. Based on the
combination of the MKI classes and the age of the
patients, there were also five different subgroups for
prognostic analysis: low MKI at age < 5.0 years, low
MKI at age = 5.0 years, intermediate MKI at age < 1.5
years, intermediate MKI at age = 1.5 years, and high
MKI at any age.

To test the prognostic effects of the International
Classification, all NTs were classified into either a fa-
vorable histology (FH) group or an unfavorable histol-
ogy (UH) group according to the Shimada system. FH
tumors in the neuroblastoma category were put into
the FH subgroup and included 1) poorly differentiated
or differentiating subtype tumors with low or interme-
diate MKI (age < 1.5 years) and 2) differentiating
subtype tumors with low MKI (age < 5.0 years),
whereas UH tumors in the neuroblastoma category
were put into the UH subgroup and included 1) un-
differentiated subtype tumors (any age), 2) poorly dif-
ferentiated subtype tumors (age =1.5 years), 3) high
MKI (any age), 4) intermediate MKI (age = 1.5 years),
and 5) all neuroblastoma tumors (age = 5 years with
any grade of neuroblastic differentiation and any class
of MKI). Regardless of the patient’s age, tumors in the
ganglioneuroblastoma, intermixed category and the
ganglioneuroma category were classified into the FH
group, whereas tumors in the ganglioneuroblastoma,
nodular category were classified into the UH group.*™*

Analysis of Age Distribution

Defining NTs according to the age-linked framework
of tumor maturation is the primary concept of the
International Classification. By using the patients in
this series, the age distribution of the patients with
NTs of different categories (neuroblastoma, ganglio-
neuroblastoma, and ganglioneuroma) and subtypes
(undifferentiated, poorly differentiated, and differen-
tiating in the neuroblastoma category) were compared
by testing the median age between all pairwise com-
binations using the Mann-Whitney test.'*

RESULTS

Histologic features of all 746 tumors are listed in Table
2, which also shows a breakdown of the patients ac-
cording to the clinical stage and age distribution.
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TABLE 2
International Neuroblastoma Pathology Classification for Patients in the Children’s Cancer Group 3881/3891 Study
Clinical stage Age at diagnosis
Classification I I 1 v IV-§ < 15yrs 1.5-5.0 yrs =5yrs
Neuroblastoma (Schwannian stroma-poor) category (N = 630)
Undifferentiated subtype
Low MKI 2 0 0 1 1 0 0 1 1
Intermediate MKI 1 0 0 1 0 0 0 1 0
High MKI 7 0 0 2 5 0 2 4 1
Poorly differentiated subtype
Low MKI 302 50 59 63 92 38 233 54 15
Intermediate MKI 121 9 12 24 64 12 58 52 11
High MKI 115 0 3 24 88 0 49 62 4
Differentiating subtype
Low MKI 65 14 28 18 3 2 26 37 2
Intermediate MKI 14 1 5 3 1 10 1
High MKI 3 1 0 0 2 0 3 0 0
Ganglioneuroblastoma, Intermixed (Schwannian stroma-rich) category
30 6 16 8 0 0 4 18 8
Ganglioneuroma (Schwannian stroma-dominant) category
Maturing 10 4 3 3 0 0 0 5 5
Mature 0 0 0 0 0 0 0 0 0
Ganglioneuroblastoma, nodular (composite: Schwannian stroma-rich/stroma-dominant and stroma-poor) category
76 6 17 14 39 0 15 46 15
Total 746 91 143 162 297 53 400 283 63

MKT: mitosis-karyorrhexis index.

Prognostic Effects of the Morphologic Indicators for
Tumors in the Neuroblastoma (Stroma-poor) Category
There were significant differences in prognosis for the
three different grades of differentiation among the
patients with tumors in the neuroblastoma category:
The EFS and OS rates for patients with undifferenti-
ated, poorly differentiated, and differentiating tumor
subtypes were 30.0%, 61.0%, and 81.4%, respectively,
for EFS (P = 0.0009) and 50.0%, 69.0%, and 87.3%,
respectively, for OS (P = 0.0017) (Fig. 1la, Table 3).
Furthermore, the prognostic effects of the grade of
neuroblastic differentiation were affected significantly
by patient age at the time of diagnosis. For patients
with tumors of the poorly differentiated subtype, the
EFS (82.9%) and OS (89.6%) rates for patients age < 1.5
years (n = 340 patients) were significantly better com-
pared with patients age = 1.5 years (25.4% and 35.2%,
respectively; n = 198 patients). For patients with tu-
mors of the differentiating subtype, EFS (84.5%) and
OS (90.8%) rates of patients age < 5.0 years (n = 79)
also were significantly better compared with the EFS
and OS rates (both 0%) of patients age = 5.0 years (n
= 3 patients). There were only 10 patients who were
diagnosed with tumors of the undifferentiated sub-
type, and they had a poor prognosis regardless of their
age (30.0% EFS, 50.0% OS). These results indicated

that two different prognostic subsets, i.e., a favorable
subset, including poorly differentiated subtype tumors
in patients age < 1.5 years and differentiating subtype
tumors in patients age < 5.0 years, and an unfavorable
subset, including undifferentiated subtype tumors in
patients of any age, poorly differentiated subtype tu-
mors in patients age = 1.5 years, and differentiating
subtype tumors in patients age = 5.0 years, were de-
termined by age-linked evaluation of the grade of neu-
roblastic differentiation in the tumors of the neuro-
blastoma category (P < 0.0001 for EFS; P < 0.0001 for
OS) (see Fig. 1b; Table 3).

Figure 1c shows that three MKI classes had signif-
icantly different prognostic effects: The EFS and OS
rates for low MKI, intermediate MKI, and high MKI
were 79.1%, 50.4%, 30.2% (P < 0.0001) and 86.3%,
60.6%, 37.5% (P < 0.0001), respectively. When EFS and
OS were analyzed for the five prognostic subgroups
based on the combination of MKI and age of the
patients, two prognostic subsets were distinguished
(Fig. 1d; Table 3): A subset consisting of tumors with
low MKI in patients age < 5.0 years (n = 351 patients;
82.1% EFS; 89.2% 0OS) and tumors with intermediate
MKI in patients age < 1.5 years (n = 68 patients; 84.9%
EFS; 94.0% OS) had a significantly better prognosis
than the other subset, which consisted of tumors with
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low MKI in patients age = 5.0 years (n = 18 patients;
20.8% EFS; 27.0% 0OS), tumors with intermediate MKI
in patients age = 1.5 years (n = 68 patients; 17.8% EFS;
26.6% OS), and tumors with high MKI in patients of all
ages (n = 125 patients; 30.2% EFS; 37.5% OS; P
< 0.0001 for EFS; P < 0.0001 for OS). Again, the results
indicated that two different prognostic subsets were
distinguished by the age-linked evaluation of the MKI
classes (P < 0.0001 for EFS; P < 0.0001 for OS).

The results of these analyses confirmed the sys-
tem used by the International Classification for prog-
nostic evaluation, i.e., the age-linked assessment of
the two morphologic indicators (grade of neuroblastic
differentiation and MKI) for tumors in the neuroblas-
toma category (see Materials and Methods, above).
The distinctions between two large prognostic sub-
groups, the FH subgroup (n = 364 patients; 90.4% EFS;
97.8% OS) and the UH subgroup (n = 266 patients;
26.9% EFS; 35.6% OS), in the neuroblastoma category
are summarized in Figure 2 (P < 0.0001 for EFS; P
< 0.0001 for OS). Further analysis of prognostic dis-
tinction by FH or UH subgroup stratified by both

disease stage and patient age (where the cut-off points
are at either age < 1 year and age = 1 year or at ages
< 1.5 years, 1.5-5.0 years, and = 5.0 years) showed
that the stratified log-rank P value was < 0.0001 for
both EFS and OS.

Prognostic Significance of the International
Neuroblastoma Pathology Classification for All
Neuroblastic Tumors (Neuroblastoma;
Ganglioneuroblastoma, Intermixed; Ganglioneuroma; and
Ganglioneuroblastoma, Nodular)

Two prognostic subgroups, favorable and unfavor-
able, as discussed above, were distinguished clearly
for patients with tumors in the neuroblastoma cate-
gory. It was noted that there were no deaths from
patients with tumors in the ganglioneuroblastoma,
intermixed category (93.2% EFS; 100% OS) or with
tumors in the ganglioneuroma, maturing category
(100% EFS; 100% OS), in contrast to a significantly
poor prognosis in patients with tumors in the gangli-
oneuroblastoma, nodular category (46.8% EFS; 59.1%
09S) in this series (P < 0.0001 for EFS; P = 0.0002 for
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FIGURE 2. Prognostic distinctions according to the International Neuroblastoma Pathology Classification for patients with tumors in the neuroblastoma category.
(Left) Event free survival for patients with tumors in the favorable histology subgroup (FH) and the unfavorable histology subgroup (UH) in the neuroblastoma category.
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are shown in Table 3.

0S). In summary, 404 tumors (neuroblastoma, FH
subgroup [364 patients]; ganglioneuroblastoma, inter-
mixed [30 patients]; ganglioneuroma, maturing [10
patients]) were classified into the FH group, and 342
tumors (neuroblastoma, UH subgroup [266 patients];
ganglioneuroblastoma, nodular [76 patients]) were
classified into the UH group according to the Interna-
tional Classification. The patients with FH tumors had
a 90.8% EFS rate and a 98.0% OS rate. Patients with
UH tumors had a significantly worse prognosis, and
their EFS and OS rates were 31.2% (P < 0.0001) and
40.8% (P < 0.0001), respectively (Fig. 3a).

Figure 3b—f and Table 4 show the distinct prog-
nostic effects of FH and UH groups by clinical stage.
There were 91 patients with Stage I disease (80 FH
tumors: 93.6% EFS; 100% OS; 11 UH tumors: 72.7%
EFS; 81.8% OS; P = 0.0166 for EFS; P < 0.0001 for OS);
143 patients with Stage II disease (123 FH tumors:
86.6% EFS; 99.1% OS; 20 UH tumors: 64.2% EFS; 82.1%
OS; P = 0.0093 for EFS; P = 0.0003 for OS); 162 pa-
tients with Stage III disease (93 FH tumors: 96.8% EFS;
98.9% 0OS; 69 UH tumors: 63.8% EFS; 67.5% OS; P
< 0.0001 for EFS; P < 0.0001 for OS); 297 patients with
Stage IV disease (55 FH tumors: 90.9% EFS; 92.7% OS;
242 UH tumors: 17.9% EFS; 28.9% OS; P < 0.0001 for
EFS; P < 0.0001 for OS); and 53 patients with Stage
IV-S disease (all FH tumors: 85.6% EFS; 96.2% OS).

Age Distribution of the Patients

Among patients with tumors in the FH group, the
maturation grades gradually advanced according to
the age of the patients: The median age of patients
with tumors in the neuroblastoma, poorly differenti-
ated category was 0.43 years (range, 0-1.5 years); the

median age of patients with tumors in the neuroblas-
toma, differentiating category was 1.5 years (range,
0.02—-4.65 years); the median age of patients with tu-
mors in the ganglioneuroblastoma, intermixed cate-
gory was 3.51 years (range, 0.96-14.85 years); and the
median age of patients with tumors in the ganglio-
neuroma, maturing category was 4.80 years (range,
1.94-17.05 years; P < 0.0001 for neuroblastoma,
poorly differentiated vs. differentiating; P < 0.0001 for
neuroblastoma, differentiating vs. ganglioneuroblas-
toma, intermixed; P = 0.1298 for ganglioneuroblas-
toma, intermixed vs. ganglioneuroma, maturing).
There were no statistically significant differences in
age distribution between histologic subtypes among
UH tumors in the neuroblastoma category: The me-
dian age of patients with tumors of the undifferenti-
ated subtype was 2.99 years (range, 1.30-8.84 years);
the median age of patients with tumors of the poorly
differentiated subtype was 2.59 years (range, 0.0-12.57
years); and the median age of patients with tumors of
the differentiating subtype was 2.16 years (range, 0.35—
9.90 years). However, those patients with tumors in
the ganglioneuroblastoma, nodular category (median,
3.26 years; range, 0.57-15.90 years) were diagnosed at
a significantly older age than children with UH tumors
in the neuroblastoma category (P = 0.0414). It was
noted that the patients with UH tumors in the neuro-
blastoma category, regardless of their subtypes (undif-
ferentiated, poorly differentiated, or differentiating),
generally were older than the patients with FH tumors
(poorly differentiated and differentiating subtypes) in
the same category (P < 0.0001). Patients with tumors
in the ganglioneuroblastoma, nodular category in the
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Follow-Up Information for Patients with Neuroblastoma (Schwannian stromapoor) Tumors According to Morphologic Indicators and Favorable
or Unfavorable Histology Subgroup: Numbers of the Patients at Risk at Year for Figure 1 and 2

Figure 1
Year 0 1 2 3 4 5 6 7 8
Differentiation
Diff 82 67 64 61 50 32 20 7 -
Poorly diff 538 417 358 320 256 179 94 38 2
Undiff 10 7 4 4 2 2 2 -
Age-linked differentiation
Diff, age <5 yrs 79 67 64 61 50 32 20 7 —
Poorly diff, age < 1.5 yrs 340 285 276 256 207 146 76 30 2
Diff, age = 5 yrs 3 — — — — — — — —
Poorly diff, age = 1.5 yrs 198 132 82 64 49 33 18 8 —
Undiff, any age 10 7 4 4 2 2 2 1 —
MKI
Low MKI 369 323 299 271 222 151 80 32 2
Int MKI 136 97 79 72 55 39 22 7 -
High MKI 125 71 48 42 31 23 14 7 -
Age-linked MKI
Low MKI, age < 5 yrs 351 314 293 267 220 149 80 32 2
Int MKI, age < 1.5 yrs 68 57 57 54 42 31 17 5 —
Low MKI, age = 5 yrs 18 9 6 4 2 2 — — -
Int MK, age = 1.5 yrs 68 40 22 18 13 8 5 2 —
High MK, any age 125 71 48 42 31 23 14 7 -
Figure 2
Year 0 1 2 3 4 5 6 7 8
Histology subgroup
Favorable 364 328 320 300 242 167 90 33 2
Unfavorable 266 163 106 85 66 46 26 13 0

Diff: differentiating; Poorly diff: poorly differentiated; Undiff: undifferentiated; MKI: mitosis-karyorrhexis index; Int. MKI: intermediate MKI.

UH subgroup were similar in age distribution to the
patients with tumors in the ganglioneuroblastoma,
intermixed or ganglioneuroma, maturing categories in
the FH subgroup (P = 0.2128).

DISCUSSION

This is the first report presenting the results of a his-
topathologic review and discussing the morphologic
features in detail on a large series of patients with NTs
using the International Neuroblastoma Pathology
Classification®? after its establishment. The Interna-
tional Classification successfully distinguished two
prognostic groups; i.e., the FH and UH groups. Many
of the patients with FH tumors (256 of 404 patients;
63.4%) presented with nonadvanced stages disease
(Stage I or II) or with Stage IV-S disease, whereas the
majority of patients with UH tumors (311 of 342 pa-
tients; 90.9%) had advanced clinical stage disease
(Stage III or IV). However, the International Classifi-

cation provided prognostic information indepen-
dently from both clinical stage and age of the patients.

The International Classification defines NT
morphologically based on the concept of tumor
maturation®'>7'® and classifies NTs into four differ-
ent categories: neuroblastoma (Schwannian stroma-
poor); ganglioneuroblastoma, intermixed (Schwan-
nian stroma-rich); ganglioneuroma (Schwannian
stroma-dominant); and ganglioneuroblastoma,
nodular (composite, Schwannian stroma-rich/stro-
ma-dominant and stroma-poor). The International
Classification also uses two morphologic indicators,
i.e., grade of neuroblastic differentiation and MKI,
as prognostic indicators for tumors in the neuro-
blastoma category. This study demonstrated that
three grades of neuroblastic differentiation (undif-
ferentiated, poorly differentiated, and differentiat-
ing) had significantly different prognostic effects, as
did three MKI classes (low, intermediate, and high).
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According to the International Classification, how-
ever, these morphologic indicators have different
prognostic effects linked to the different patient age
groups (any age, age < 1.5 years, ages 1.5-5.0 years,
and age = 5.0 years). The results of this study proved
clearly the significance of the age-linked prognostic
effects of these indicators according to the Shimada
system: Patients with tumors in the neuroblastoma
category were classified into the FH subgroup (those
with tumors of the poorly differentiated or differen-
tiating subtype with low or intermediate MKI in
children age < 1.5 years and those with tumors of
the differentiating subtype with low MKI in children
ages 1.5-5.0 years) or into the UH subgroup (those
with tumors of the undifferentiated subtype and/or
with high MKI in children of any age; those with

tumors of the poorly differentiated subtype and/or
with intermediate MKI in children ages 1.5-5.0
years; and those with tumors in this category in
children ages = 5.0 years).

It should be noted here that age cut-off values
(ages 1.5 years and 5.0 years at the time of diagnosis)
used in the International Classification are different
from the age cut-off value (age 1 year at the time of
diagnosis) commonly used in clinical risk grouping
for patients with NTs. Those cut-off values in the
International Classification were determined based
on the prognostic effects of the morphologic indi-
cators: They were designed to serve as a guideline or
framework for defining host (growth)-tumor (mor-
phologic changes) relations but not for use directly
for the purpose of prognostic prediction. In con-
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TABLE 4
Follow-Up Information for Patients with All Neuroblastic Tumors According to Favorable or Unfavorable Histology Grouping by the
International Neuroblastoma Pathology Classification: Numbers of the Patients at Risk at Year of Figure 3
Year
0 1 2 3 4 5 6 7 8
All stages
FH 404 365 352 329 267 183 97 34 2
UH 342 228 152 120 93 63 34 15 0
Stage 1
FH 80 73 69 62 45 37 17 5 -
UH 11 8 8 6 6 5 3 2 —
Stage 11
FH 123 104 100 92 73 47 31 12 1
UH 20 13 10 9 6 4 — —
Stage 111
FH 93 90 89 89 75 51 24 9 -
UH 69 54 48 41 38 29 16 8 —
Stage IV
FH 55 52 51 46 42 28 14 5 -
UH 242 153 86 64 43 25 14 5 —
Stage IV-S
FH 53 46 43 40 32 20 11 3 1
UH 0 — — — — — — — —

FH: favorable histology; UH: unfavorable histology.

trast, age cut-off values in the clinical risk grouping,
by itself, serves as one of the prognostic factors.
Based on the results of this study as well as of our
previous studies,>™* the cut-off ages of 1.5 years and
5.0 years worked best for evaluation of the histologic
changes reflecting prognosis of the patients. For
future study, however, we should look for more
precise parameters for defining biologically signifi-
cant relations between host (patient) and tumor
(NT).

Those patients with tumors in the ganglioneuro-
blastoma, intermixed category or in the ganglioneu-
roma, maturing category generally had nonaggressive
tumors that did not cause a fatal outcome. In contrast,
the patients with tumors in the ganglioneuroblastoma,
nodular category had a significantly poor clinical out-
come. Recently, by using patients from the same data
base used for the CCG-3881 and CCG-3891 studies, we
successfully distinguished two distinct prognostic
subsets, favorable and unfavorable, in the tumors of
the ganglioneuroblastoma, nodular category. The dis-
tinction is based on histopathologic evaluation of the
nodular neuroblastomatous component by applying
the same age-linked histologic features (grade of neu-
roblastic differentiation and MKI) used in prognostic
determination for the tumors in the neuroblastoma
category.'?

This study also confirmed the primary concept

of the International Classification, i.e., age-linked
maturation sequences for defining NTs in the FH
group. The patients with tumors in the FH group
were distributed among various age groups, but
their tumors showed histologic features of gradually
advanced maturation from the poorly differentiated
subtype to the differentiating subtype in the neuro-
blastoma category; to the ganglioneuroblastoma, in-
termixed category; and to the ganglioneuroma, ma-
turing category according to the age of the patients
(see Fig. 4). The allowable frequency of nuclear ab-
normality defined by MKI in the tumors of the neu-
roblastoma category also decreased, depending on
the age of the patients*’: A low MKI indicated a good
prognosis in patients up to age 5 years at the time of
diagnosis, and an intermediate MKI indicated a
good prognosis in patients up to age 1.5 years at the
time of diagnosis, whereas a high MKI was linked to
a poor prognosis in any age. Tumors in the neuro-
blastoma category, when diagnosed in children age
= 5.0 years, all are classified into an unfavorable
subgroup regardless of their grade of neuroblastic
differentiation and MKI class. To be classified into
an FH group, tumors in children age = 5.0 years
should have morphologic characteristics of either
ganglioneuroblastoma, intermixed (Schwannian
stroma-rich) or ganglioneuroma (Schwannian stroma-
dominant). It also should be noted here that no



2460 CANCER November 1, 2001 / Volume 92 / Number 9

Maturation

Neuroblastoma,

differentiating
subtype

intermediate MKI

Neuroblastoma,
poorly differentiated
subtype
low or intermediate
MKI

Ganglioneuroma

Ganglioneuroblastoma, intermixed

low MKI

age at diagnosis

1.5 years

5 years

FIGURE 4. Age-linked framework for patients with peripheral neuroblastic tumors in the favorable histology group. For patients with tumors in the neuroblastoma
category, age-linked effects of two morphologic indicators (grade of neuroblastic differentiation and mitosis-karyorrhexis index [MKI]) need to be evaluated according
to the International Neuroblastoma Pathology Classification (see text). Patients with tumors in the ganglioneuroblastoma, intermixed category and in the
ganglioneuroma category (tumors that usually are diagnosed in older children compared with tumors in the neuroblastoma category) have tumors in the favorable
histology group. In contrast, patients with tumors in the ganglioneuroblastoma, nodular category (not found in this figure), which also are diagnosed in older children,

have tumors in the unfavorable histology group.

tumors in the ganglioneuroblastoma, intermixed cat-
egory or in the ganglioneuroma category had in-
creased mitotic and karyorrhectic activities. In sum-
mary, this study confirmed the prognostic significance
of the International Classification, substantiated the
age-linked prognostic effects of the morphologic indi-
cators (grade of neuroblastic differentiation and MKI)
for patients with tumors in the neuroblastoma cate-
gory, and supported the concept of an age-appropri-
ate framework of maturation for patients with tumors
in the FH group.

REFERENCES

1. Miller RW, Young JL Jr., Novakovic B. Childhood cancer.
Cancer 1995;75:395-405.

2. Shimada H, Ambros IM, Dehner LP, Hata J, Joshi VV,
Roald B, et al. The International Neuroblastoma Pathol-
ogy Classification (the Shimada system). Cancer 1999;86:
364-72.

3. Shimada H, Ambros IM, Dehner LP, Hata J, Joshi VV, Roald
B. Terminology and morphologic criteria of neuroblastic
tumors: recommendations by the International Neuroblas-
toma Pathology Committee. Cancer 1999;86:349-63.

4. Shimada H, Chatten J, Newton WA Jr., Sachs N, Hamoudi
AB, Chiba T, et al. Histopathologic prognostic factors in
neuroblastic tumors: definition of subtypes of ganglioneu-
roblastoma and an age-linked classification of neuroblasto-
mas. J Natl Cancer Inst 1984;73:405-16.

5. Matthay KK, Perez C, Seeger RC, Brodeur GM, Shimada H,
Atkinson JB, et al. Successful treatment of Stage III neuro-

10.

11.

12.

blastoma based on prospective biologic staging: a Children’s
Cancer Group study. J Clin Oncoll 1998;16:1256—64.
Matthay KK, Villablanca JG, Seeger RC, Stram DO, Harris RE,
Ramsay NK, et al. Treatment of high-risk neuroblastoma
with intensive chemotherapy, radiotherapy, autologous
bone marrow transplantation, and 13-cis-retinoic acid.
N Engl ] Med 1999;341(16):1165-73.

Nickerson HJ, Matthay KK, Seeger RC, Brodeur GM, Shi-
mada H, Perez C, et al. Favorable biology and outcome of
Stage IV-S neuroblastoma with supportive care or minimal
therapy: a Children’s Cancer Group study. J Clin Oncol
2000;18:477-86.

Perez CA, Matthay KK, Atkinson JB, Seeger RC, Shimada H,
Haase GM, et al. Biologic variables in the outcome of Stages
I and II neuroblastoma treated with surgery as primary
therapy: a Children’s Cancer Group study. J Clin Oncol
2000;18:18-26.

Schmidt ML, Lukens JN, Seeger RC, Brodeur GM, Shimada
H, Perez C, et al.: Biologic factors determine prognosis in
Stage IV neuroblastoma < lyear of age: a prospective Chil-
dren’s Cancer Group Study. J Clin Oncol 2000;18:1260-8.
Evans AE, D’Angio GJ, Randolph J. A proposed staging for
children with neuroblastoma. Children’s Cancer Study
Group A. Cancer 1971;27:374-8.

Seeger RC, Brodeur GM, Sather H, Dalton A, Siegel SE, Wong
KY, et al. Association of multiple copies of the N-myc onco-
gene with rapid progression of neuroblastomas. N Engl
J Med 1985;313:1111-6.

Hann HW, Evans AE, Siegel SE, Wong KY, Sather H, Dalton
A, et al. Prognostic importance of serum ferritin in patients
with Stages III and IV neuroblastoma: the Childrens Cancer
Study Group experience. Cancer Res 1985;45:2843-8.



13.

14.

15.

16.

17.

Kaplan EL, Meier P. Nonparametric estimation from incom-
plete observations. ] Am Stat Assoc 1958;53:457-81.

Mann H, Whitney D. On a test of whether one of two
random variables is stochastically larger than the other. Ann
Math Stat 1947;18:50-60.

Matthay KK, Sather HN, Seeger RC, Haase GM, Hammond
GD. Excellent outcome of Stage II neuroblastoma is inde-
pendent of residual disease and radiation therapy. J Clin
Oncol 1989;7:236-44.

Grosfeld JL, Skinner MA, Rescorla FJ, West KW, Scherer LR
III. Mediastinal tumors in children: experience with 196
cases. Ann Surg Oncol 1994;1:121-7.

Ambros IM, Zellner A, Roald B, Amann G, Ladenstein R,
Printz D, et al. Role of ploidy, chromosome 1p, and Schwann

18.

19.

20.

Pathology of Neuroblastic Tumors/Shimada et al. 2461

cells in the maturation of neuroblastoma. N Engl ] Med
1996;334:1505-11.

Peters J, Miyake M, Seeger RC, Cai B, Yao D, Hong CM, et al.
Splicing pattern of the high affinity nerve growth factor recep-
tor (trkA) transcript in neuroblastomas: correlation with histo-
pathology and clinical outcome. Lab Invest 1995;72(1):144A.
Umehara S, Nakagawa A, Matthay KK, Lukens JN, Seeger
RC, Stram DO, et al. Histopathology defines prognostic
subsets of ganglioneuroblastoma, nodular. Cancer 2000;
89:1150-61.

Chatten J, Shimada H, Sather HN, Wong KY, Siegel SE,
Hammond GD. Prognostic value of histopathology in ad-
vanced neuroblastoma: A report from the Childrens Cancer
Study Group. Hum Pathol 1988;19:1187-98.



