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The diagnosis of paediatric tumours including the small round cell tumours
(neuroblastoma, rhabdomyosarcoma and the Ewing family of tumours), brain
tumours, germ cell tumours and anaplastic large cell lymphoma can pose particular
diagnostic dilemmas, especially in cases with undifferentiated morphology.
Substantial improvements have been made in the treatment and long term survival
of paediatric patients with these tumours, however, these are based on disease and
even stage specific treatments. Accurate diagnosis and prognosis can now be
aided by identifying specific genotypic and phenotypic criteria using cytogenetics,
interphase fluorescence in situ hybridisation, reverse transcription PCR and novel
immunophenotypic markers. Some of these analyses should form an integral part of
the management of patients with paediatric solid tumours.

The diagnosis of some paediatric tumours can be difficult using the
standard approaches of light microscopy, electron microscopy and
immunohistochemistry, particularly in cases with an undifferentiated
morphology. Accurate diagnosis is increasingly important with the
development of disease-specific therapeutic strategies. Consistent, specific
chromosome rearrangements are associated with particular tumour types
and are a visible hallmark of the underlying genetic changes. Chromo-
some rearrangements include deletions, translocations and gain or
amplification of chromosomal segments. At the molecular level, these
rearrangements are associated with loss of tumour suppressor genes, the
formation of novel fusion gene products and the overexpression of genes.
Increasingly, identification of these characteristic genetic changes at the
cytogenetic or molecular level are recognised as invaluable diagnostic
indicators. In addition, rearrangements may also be associated with
different prognostic groups and be of clinical significance. Chromosome
rearrangements have been used for many years in the diagnosis and
management of haematological malignancies but a similar approach for
solid tumours has been hampered by difficulties in the preparation and
analysis of chromosome preparations from solid tumours. Following the
relatively recent molecular characterisation of various tumour specific
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Recent advances in the pathology of paediatric solid tumours

Methodology

Cytogenetics

rearrangements, strategies which negate the need for chromosome
preparation can now be used to identify particular molecular abnorm-
alities in non-dividing cells. Unique phenotypic markers, which are
associated with tumour specific molecular changes, have also been
identified which have diagnostic and prognostic value. This article
describes these recent advances which are relevant to the diagnosis,
prognosis and also the classification of paediatric solid tumours.

The main approaches used to identify genetic rearrangements and
phenotypic markers used in the management of patients with solid
tumours are described below.

Fresh material is required for cytogenetic analysis and usually involves
disaggregation of tumour cells, either mechanically or enzymatically. The
cells can be either harvested directly or cultured for various lengths of
time in specialised media although the latter can selectively encourage the
growth of particular cell types, including contaminating normal cells.
Colchicine, or a related agent, is added to the cells prior to harvest in
order to stop mitotic spindle formation and increase the number of cells
at, or just prior to, the metaphase stage of mitosis. The cells are then
swollen in hypotonic solution and fixed either in situ or in suspension.
Various banding techniques allow individual chromosomes and rearran-
gements to be recognised (Fig. 1A).

Fluorescence in situ hybridisation (FISH)

In situ hybridisation involves the chemical modification of nucleic acid
probes and their hybridisation to homologous single stranded nucleic
acid target, usually on a microscope slide. The nature and position of the
hybridized probe can then be detected relative to chromosome or cellular
morphology or relative to the signals from other probes. For example, if
two probes normally lie adjacent to one another but are split by a
reciprocal translocation, an interphase nucleus will show two signals
adjacent, corresponding to the normal chromosome, and one pair of split
signals indicative of the rearrangement at that locus (Fig. 2A,B). Many
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Fig.1 Cytogenetic and molecular analysis of alveolar rhabdomyosarcoma sample. (A) Partial
karyotype showing the typical {2;13)(q35;q14) rearrangement. (B) Reverse transcription PCR analysis of
the same case. No product is present using primers for the H{1;13)(p36,q14) rearrangement inlane 1, a158
bp product is found using primers for the 1(2;13)(q35;q14) rearrangement in lane 2 and no product in the
control reaction, lane 3 which had no DNA and primers for the H{2;13}

variations on this theme, using different probe types, are possible and can
be used to identify specific rearrangements and copy number changes.

Reverse transcription PCR (RT-PCR)

Reverse transcription PCR can be used to detect the aberrant fusion
products that result from specific translocations. The approach is
dependant on isolating intact RNA which is copied by the enzyme
reverse transcriptase into complementary DNA (cDNA). An appropriate
primer from each of the two genes disrupted by a translocation can be
used to amplify the fusion gene using the polymerase chain reaction. The
product can be visualised as a discreet band on an agarose gel and only
material containing the tumour-specific fusion gene should produce a
product (Fig. 1B). The technique is very sensitive and is able to detect one
cell with a rearrangement out of approximately 105-10¢ normal cells.

Loss of heterozygosity (LOH)

In the two hit hypothesis for tumour development, loss of function of
both copies of a tumour suppressor gene was postulated and has now
been demonstrated in many tumours. The first hit usually involves a
mutation in one copy of the gene and the second hit results in loss of a
large region of DNA including the second copy of the gene. Using region
specific polymorphic markers, this loss of DNA can be detected in
tumour samples as homozygosity for a locus compared to the
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Recent advances in the pathology of paediatric solid tumours

constitutional heterozygosity of the patient. This can be identified in blot-
hybridisation experiments or using the polymerase chain reaction.

Immunohistochemistry (IHC)

This is a histological technique to localise gene products in tissue sections,
cytospin or touch preparations. Its main advantage lies in the precise
identification of the cell type (tumour versus stromal cell or benign versus
malignant). Recent advances in IHC include the availability of new
antibodies (for diagnostic or prognostic purposes) and newer antigen-
retrieval methods such as using microwaves! or hydrated autoclaving
using pressure cookers? to unmask epitopes in routinely processed tissue
sections.

Small round cell tumours (SRCT)

Neuroblastoma

The small round cell tumours include neuroblastoma, rhabdomyosarco-
ma and the Ewing family of tumours and represent about 15% of all
childhood cancers. They can be difficult to distinguish from one another
by standard methods but fortunately possess characteristic molecular
rearrangements which can be used as diagnostic and prognostic
indicators (reviewed in3).

Neuroblastoma is the most common extracranial solid malignant tumour
of childhood and originates from the sympathetic neurons. Prognostic
categories have been correlated with distinct clinical, biological and
genetic factors which can influence the therapeutic regimens adopted.

1p36 loss, ploidy and MYCN amplification: The most common
cytogenetic abnormality in neuroblastoma, found in 70~80% of cases,
is deletion or rearrangement of material from 1p. Approximately
25-30% of all neuroblastomas show cytogenetic evidence of gene
amplification, most usually in the form of extrachromosomal double
minutes (dms) but also as homogenously staining regions (hsrs) which are
attributed to additional copies of the MYCN gene. This is associated with
high MYCN expression at the RNA and protein level. Both MYCN
amplification and loss of 1p material correlate with poor outcome and
have been identified by the International Neuroblastoma Staging System
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Table 1 Summary of the main genetic and phenotypic markers used to aid the diagnosis and predict the behaviour of paediatric

tumours
Tumour type Sub-type Cytogenetic Molecular rearrangement  |HC Prognosis
rearrangement
Neuroblastoma 3n High TRKA Good
Del{1} 2n, 4n Low TRKA Infermediate
Del{1) dms and MYCN amplification Low TRKA Poor
hsrs 2n,4n
CD44 Good
MDR1 overexpression Pgp #Poor
Rhabdomyosarcoma
Abveclar and H2;13)(q35;q14) PAX3/FKHR Poor
solid atveolar H1,13)(p36:914) PAX7/FKHR
Embryonal LOH 11p Good
2n Poor
Mulfiploid
Ewing family of tumours t11;22)(q24;q12), FU1/EWS
pPNET H21;22)(q22;12) ERG/EWS
Biphenotypic sarcomas MYF5 over expression
FUT/EWS
MEM
DSRCT H11;22)(p13;q12) WT1/EWS
PNET i(17p}) TP53 TP53 intact Better than cases
with mutations
GCT i(12p)/del(1)
ALCL H2,5)(p23;q35) ALK/NPM p80 Good

pPNET, peripherd! primitive neuroectodermal tumour. MEM, mdlignant ectomesenchymoma. DSRCT, desmoplastic small round cell tumour. PNET, primitive
neuroectodermal tumours. GCT, germ cell tumour. ALCL, anaplastic large cell ymphoma. dms, double minutes. hsrs, homogenously skaining regions.

and Response Criteria Committee as important factors to take into
account?. Favourable prognosis is associated with a young age and early
stage (1, 2a or 4s), a near triploid karyotype and no 1p rearrangements or
MYCN amplification. Poor prognosis in neuroblastoma is associated
with older age, advanced stage (2b, 3 or 4), near diploidy or tetraploidy
and 1p loss and MYCN amplification (Table 1).

Current evidence indicates a consensus deletion at the 1p36.2-3 region
and that some cases also have deletion of a more proximal locus’. It is
proposed that two tumour suppressor genes are located in the 1p32-p36
region although none have so far been implicated’#. In cases showing a
larger deletion, 60% had MYCN amplification, were near diploid or
tetraploid and were associated with a poor prognosis’.

Cytogenetic analysis is generally successful in less than 25% of cases
and the more practical alternatives of interphase FISH to tumour touch
imprints (Fig. 2E), bone marrow smears and paraffin sections to identify
the specific genetic changes associated with neuroblastoma have been
demonstrated. Allele loss can also be used to investigate loss of 1p
material and the copy number of MYCN also estimated from
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Recent advances in the pathology of paediatric solid tumours

hybridisation of probes to DNA on membranes. Amplification of MYCN
is generally associated with increased expression which can be estimated
by a differential polymerase chain reaction and reactivity to an antibody
specific to the MYCN protein (reviewed in3).

TRKA expression: Neurotrophins comprise a family of growth factors
which play an important role in the development of the nervous
system”-8, The biological functions of neurotrophins are mediated by high
affinity binding to tyrosine kinase transmembrane receptors encoded by
the TRKA protooncogene. TRKA receptors show specific differences in
distribution and ligand specificity. Nerve growth factor (NGF), the best
characterised neurotrophic factor, is essential for the development,
differentiation and survival of the sympathetic neurons. The biologic
responsiveness to NGF depends on interactions with TRKA (p140+k)
which is an important component of the high-affinity NGF receptor”:2.

A high level of TRKA expression, assessed by Northern blot analysis,
was seen in 82% of neuroblastomas and correlated strongly with
favourable prognostic features (early tumour stage, younger age, normal
MYCN copy number and low level of MYCN expression”8). The
expression of TRKA also correlated strongly with survival and in a
univariate analysis it has emerged, together with MYCN copy number, as
the most powerful predictor of outcome?.

Recently, IHC techniques using a monoclonal antibody® or commer-
cially available polyclonal antibodies!® have been utilised for the
detection of p1407* in frozen®10 or formalin-fixed neuroblastoma tumour
samples!?. In one study, all the 29 tumours showed variable immuno-
reactivity of tumour cells with p1407% and the intensity of staining
increased with maturation of the neuroblasts!®. A semiquantitative
analysis of p1407% expression correlated with a statistically significant
increase in survival and with favourable tumour stages!©.

CD44 expression: CD44 is a transmembrane glycoprotein which may
be present as a standard molecule (CD44s) or as various isoforms
(CD44v)"1. It is multifunctional cell-adhesion molecule and plays a key
role in lymphocyte homing, cell—cell interactions, tumour progression
and metastasis. [HC employing antibodies directed against both the
molecules have detected only CD44s immunoreactivity in a variable
number of neuroblastoma tumour samples!!.

In a study!? comprising of 52 cases, CD44 immunoreactivity was
detected in 71% of the neuroblastoma samples. All the 22 tumours in
good prognosis stages (1, 2 or 4s) but only 50% (15/30) of advanced
neuroblastomas (stages 3 and 4) expressed CD44. The cumulative
progression-free survival was significantly higher in CD44 positive
patients and within the high-risk group, the progression-free survival
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correlated significantly with survival. CD44 expression emerged as an
independent prognostic variable in univariate and multivariate analyses
of 5 prognostic factors including tumour stage, age, histology and
MYCN amplification. Another group!? detected CD44 immunoreactivity
in 86% of the 377 neuroblastoma samples. However, it was a marker of
favourable outcome only in a univariate but not in a multivariate analysis
which included other molecular variables (MYCN amplification,
cytogenetic chromosome 1p deletion, loss of 1p heterozygosity and
DNA ploidy).

CD44 immunoreactivity also correlated significantly with grade of
tumour-cell differentiation and one-third of the stroma-poor undiffer-
entiated tumours showed lack of expression!!. The event-free survival of
patients in this group was significantly shorter than that of patients with
CD44 positive tumours. These studies suggest that CD44s expression
may be a new histological marker in neuroblastoma having a prognostic
impact in tumours of undifferentiated histology.

Multidrug resistance (MDR) expression: Overexpression of the multi-
drug resistance gene, MDR1 and its product P-glycoprotein (Pgp or
p170) in clinical neuroblastoma samples may be predictive of poor
prognosis. Using a sensitive [HC technique, Pgp was not only detected in
63% of the patients with neuroblastoma but its expression before
treatment suggested failure of chemotherapy. Other workers? using in
situ hybridisation and IHC detected MDR1 mRNA and Pgp in all the
neuroblastoma cases and there was no correlation with age, stage or
survival. A non-Pgp mediated form of MDR, p110, was detected
immunocytochemically in ganglion cells but there was no correlation
with survival2.

BCL2 expression: BCL2 gene encodes an oncoprotein (BCL-2) which
blocks apoptosis or programmed cell death and renders cells markedly
resistant to killing by a wide variety of cytotoxic drugs. IHC studies have
detected BCL-2 in neuroblastoma tumour samples. BCL-2 immunolocal-
isation strongly correlated with unfavourable histology and MYCN
amplification in one study' but no correlation was found between BCL-2
immunostaining and other prognostic markers such as Shimada
histology, tumour stage or patient age in other studies!’>. The intensity
of staining increased with the degree of differentiation of neurons and
was reciprocal to that of MYCN protein?s.

NB84 expression: This monoclonal antibody recognises an unchar-
acterised molecule of 57kDa and was produced using human neuro-
blastoma tissue as an antigen. It works in formalin-fixed, paraffin-
embedded sections and has recently become commercially available®é. It
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Recent advances in the pathology of paediatric solid tumours

is highly sensitive as it identifies 95% of the neuroblastoma samples.
However, it lacks specificity as it also marks a high proportion of frozen®
and routinely-processed Ewing’s sarcoma samples (personal observa-
tion). Therefore, it should be included in a panel of markers used for the
immunocytochemical identification of SRCTs.

Rhabdomyosarcoma (RMS)

Rhabdomyosarcoma is the most common soft tissue sarcoma in children
and is a heterogenous group of neoplasms thought to be of skeletal
muscle origin. The conventional classification scheme of RMS consists of
botyroid, embryonal, alveolar and pleomorphic subgroups. Recently a
universal classification scheme has been devised with a view to improving
the prognostic significance of histology!”. The aim was to define the
criteria which would be reproducible among pathologists as well as be
predictive of prognosis. The following modifications were made: (i)
inclusion of the solid alveolar subtype and recognition that even a focal
alveolar pattern would qualify a RMS to be classified as alveolar; (ii)
identification of a new subtype of embryonal RMS with favourable
prognosis and predilection to paratesticular sites called spindle-cell
embryonal RMS; and (iii) exclusion of pleomorphic subtype of RMS
because of its rare occurrence in children.

MyoD1 expression: RMS have been shown to express, to different
extents, genes involved in muscle cell development and differentiation!s.
MyoD1 expression has been most consistently found and immunostain-
ing using the monoclonal antibody against MyoD1 used in routinely
processed sections now seems feasible using the microwave technique for
the unmasking of antigens!. MyoD1 shows promise as a specific and
sensitive marker of RMS allowing its distinction from other small round
cell tumours?s. :

Genetic changes associated with alveolar bistology: The alveolar type
of rhabdomyosarcoma is associated with poor prognosis and is
characterised by a t(2;13)(q35;q14) translocation. This results in the
fusion of the 5’ region of the PAX3 gene (located at 2q35) to the 3
sequences of the FKHR gene and the formation of a fusion gene which is
implicated in the pathogenesis of the tumour. A variant t(1;13)(p36;q14)
has been described and characterised as involving the PAX7 gene
(located at 1p36) and the FKHR gene (reviewed in3). RT-PCR for these
rearrangements has been described, including identification of the PAX3/
FKHR fusion gene in the solid alveolar subtype2?. This approach is also
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Fig.2 Interphase
Auorescancein situ
hybridisation as an approach
to identify diagnostically and
prognostically significant
chromosome aberrationsin
tumour samples. (A) Diagram
to show disruption of the
markers flanking the FKHR
gene on chromosome 13 and
translocation of the teleomeric
marker to chromosome 2 in
alveckar rhabdomyosarcoma.
(B) Ininterphase nuclei, the
red/green doublet
corresponds to the normal
chromosome homologue and

0( 1

"/

the split signal is indicative of 2

the translocation. {C) An
interphase nudeus from an
alveolar rhabdomyosarcoma
showing multiple red/fgreen
doublets corresponding to
amplification of the FKHR/
PAX7 fusion gene. (D) Nuclei
from rhabdomyosarcoma
hybridizedto chromosome 2
{green) and 3 {red) centromere
specific probes indicating
muttiploidy. (E} MYCN probe
{red) and a control single copy
probe (green) hybridizedto o
nucleus from a neuroblastoma
indicating amplification of the
MYCN gene. (F) Diagram to
show the position of a single
copy 12p marker (green)}anda
centromere spedific probe
{red)ina normal chromosome
12 and ani{12p) chromosome.
The latter is associated with
adolescent germ cell tumours
(GCT).The size of the signal
from the centromere probe is
different in the i(12p) and this
canbe seenininterphase cells.
In oddition, the signal from the
centromere probe s flanked by
signal from the 12p markerin
the i(12p) chromosome. Inthe
examplein {G) the nucleus from
aGCTshows 3 copies of o
normal 12 chromosomse and 3
copiesofani{12p)
chromosome. Images wers
captured using o cooled CCD
comera (Photometrics, AZ,
USA) and SmariCapture
software From Vysis [UK] Lid.
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appropriate for detecting bone marrow infiltration. Interphase FISH
analysis using markers flanking the FKHR and PAX3 genes has also been
validated as a diagnostic aid?02! (Fig. 2A,B). Recent evidence indicates
that a high proportion of cases which have the PAX7/FKHR fusion gene
also amplify this gene?223, Interphase analysis of such cases produces
multiple signals from 5" PAX7 and 3'FKHR probes (Fig. 2C). It has been
suggested that the variant PAX7/FKHR fusion gene may be associated
with later presentation and development in the extremities?*. The MYCN
gene is sometimes amplified in rhabdomyosarcoma and seems to be
exclusively associated with the alveolar subtype?’ (J Shipley unpub-
lished). Unlike amplification of MYCN in neuroblastoma, this does not
appear to carry any prognostic significance, possibly because the
prognosis is so poor anyway?’.

Loss of beterozygosity (LOH) at 11p: LOH at 11p15.5 is a consistent
finding in the embryonal form RMS in 13 out of 14 samples and has been
suggested to be specific to this form of RMS. Evidence suggests a role for
genomic imprinting in this region (i.e. the expression of a gene being
determined by its parental origin) resulting in the functional equivalent of
LOH (reviewed in3).

Ploidy: The significance of ploidy in rhabdomyosarcoma remains
unclear. It is commonly assessed by flow cytometric analysis but
cytogenetic and FISH analysis are also possible (Fig. 2D). Alveolar
histology is generally associated with near tetraploid or diploid
chromosome numbers and the embryonal form with hyperdiploidy. In a
study of mixed types of rhabdomyosarcoma, an aneuploid pattern
indicated favourable prognosis, tetraploidy was intermediate and patients
with a diploid or multiploid pattern did poorly?$. In a group of non-
metastatic embryonal rhabdomyosarcoma the hyperdiploid group was
associated with a significantly better survival than the diploid tumours?”.
This suggests that sub-groups of rhabdomyosarcoma identified on the
basis of ploidy could benefit from refinements in risk-directed therapy.

Ewing family of tumours

Ewing’s sarcoma is the second most common malignant bone tumour in
children and also occurs in extra osseous sites. It shows similarities to a
diverse group of tumours referred to as peripheral primitive neuroecto-
dermal tumours (pPNET). Ewing’s sarcoma and pPNET tend to exhibit
features of neuroectodermal differentiation and are characterised by
specific cytogenetic rearrangements. These features aid in distinguishing
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Other tumours

them from other small round cell tumours and strengthen the concept
that they are part of the disease spectrum forming the Ewing family of
tumours. The prognostic relevance of grouping Ewing’s sarcoma and
pPNET together remains unclear. Poorer prognosis has been associated
with increasing neuroectodermal differentiation?® although recent trials
with stage and site matched cases of soft tissue Ewing’s sarcoma and
pPNET in multi-agent chemotherapy regimens suggest that the outcomes
are similar.

EWS gene disruption: The Ewing family of tumours are characterised
by a t(11;22)(q24;q12) translocation which results in the fusion of the
EWS gene, a putative RNA binding gene at 22q12, and the FLI1 gene, a
member of the ETS family of transcription factors at 11q24. In a variant
rearrangement, occurring in approximately 10% of cases, the EWS gene
fuses to the ERG gene on chromosome 21. Fusion of EWS gene to ETV
at 7p22 and E1AF at 17q12 has also been documented (reviewed in32)
There do not appear to be any clinical differences associated with the
variant rearrangements.

In addition to these rearrangements being identified cytogenetically,
they can be detected using both interphase FISH and RT-PCR analysis as
an effective diagnostic aid2%-30.

MIC2 expression: Various antibodies to CD99 which recognise the
MIC2 gene product?! have been employed in distinguishing this group
from other SRCTs. These have the advantage of working in routinely
processed and decalcified material32. A high degree of sensitivity (80-95%)
has been reported and the neuroblastic tumours have been negative.
However, all the antibodies lack specificity as they mark a high percentage
of T-cell lymphomas. Therefore caution must be exercised in the
interpretation of immunoreactivity and it should be used in a panel of
markers used for the immunocytochemical identification of SRCTs32.

Biphenotypic sarcomas: Biphenotypic sarcomas show morphologic
evidence of myogenic and neuroectodermal differentiation. A recent
investigation demonstrated that they expressed the fusion gene associated
with the Ewing family of tumours and not the products of the
rearrangements associated with alveolar rhabdomyosarcoma33.

Desmoplastic small round cell tumour (DSRCT): This is a distinct
clinicopathologic entity which differs from the other childhood tumours
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Brain tumours

because of its clinical features, morphology and immunohistochemical
features34. Typically, DSRCTs occur in the adolescent males (male to
female ratio 5:1, median age 18.6 years) and are located in the intra-
abdominal, pelvic, retroperitoneal and scrotal sites. These are aggressive
tumours with 90% mortality within 6 months to 4 years of diagnosis.
Histologically, the DSRCTs show a nesting growth pattern (Fig. 3A) with
an intense desmoplastic reaction while [HC reveals divergent differentia-
tion with epithelial (Fig. 3B), myogenic (Fig. 3C) and neural markers (Fig.
3D)34. A t(11;22)(p13;q12) has been consistently described in a limited
number of these tumours. This involves the fusion of the EWS gene with
the Wilms’ tumour 1 gene (WT1) which can be detected by molecular
means for diagnostic purposes3s.

The most common forms of brain tumour in children are primitive
neuroectodermal tumours (PNETs) and low grade astrocytomas. PNETs
of the central nervous system are not generally associated with the EWS
gene rearrangements that are characteristic of the peripheral forms which
belong to the Ewing family of tumours. An i(17q) is the most frequent
cytogenetic finding in PNETSs and in one study, 15 out of 34 cases were
shown to have this rearrangement3¢. The 1(17q) is not unique to PNET
but has been found as the sole cytogenetic anomaly in several cases. It has
been suggested that the interphase FISH detection of the i(17q) could be
of diagnostic use36. Deletions of 17p involving the 17p13.3 containing a
putative tumour suppressor gene region, distal to the TP33 locus, have
been noted and in astrocytomas are associated with high grade
tumours3’.

The highly malignant rhabdoid tumours of the brain may be
misclassified as PNET or medulloblastoma but, from the limited number
karyotyped, they appear to be cytogenetically distinct with monosomy
for chromosome 22. Mutations in the TP53 tumour suppressor gene are
rarely found in paediatric brain tumours in contrast to the adult
situation. This difference may contribute to the overall better prognosis
and response to therapy in children3®. Patients with astrocytoma that
have apparently normal karyotypes or nonclonal aberrations have been
shown to have a significantly longer survival than those with clonal
abnormalities, irrespective of the age of onset or grade of the tumour?.
However, the cytogenetic abnormalities found in paediatric astrocytomas
are generally different from adult cases and further studies are required to
correlate individual aberrations with a particular clinical phenotype.
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Fig. 3 Desmoplastic small round cell tumours (DSRCT). (A) Nests of tumour cells set in o desmoplastic stroma. (B) Tumour cells showing epithelial (cytokeratin)
immunoreactivity. (C) Dot-like cytoplasmic immunoreactivity to desmin. (D) Neuron-specific enolase immunoreactivity in tumour cells.
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Germ cell tumours (GCT)

More than 80% of adolescent and adult testicular germ cell tumours are
associated with an i(12p) chromosome and i(12p) negative germ cell
tumours that have been investigated by FISH have an increased copy
number of the whole or parts of the chromosome arm 12p*. Although
the underlying molecular mechanisms are not yet understood, the clinical
value of detecting the i(12p) to establish the likely germ cell origin of
tumours found in extra gonadal sites, particularly undifferentiated
tumours in the mediastinum, is now well accepted. In contrast to
adolescent cases, paediatric GCT are not generally associated with i(12p)
formation although gain of 12p material is found. Other recurrent
changes include loss of 1p material similar to that identified in
neuroblastoma#!. The extent and potential prognostic significance of
this loss in paediatric GCT requires further investigation.

Anaplastic large cell lymphoma (ALCL)

This type of non-Hodgkin’s malignant lymphoma is being increasingly
recognised in children*2. ALCL is composed of large anaplastic cells (Fig.
4A) and histologically it has been misdiagnosed as malignant histiocy-
tosis or lymphocyte-depleted Hodgkin’s disease. Typically ALCL shows
male predilection with an age range of 3-15 years and occurs in
extranodal sites such as skin and lung. Immunohistochemically, the
majority of ALCL cells display CD30 (Ki-1 antigen) (Fig. 4B) and are of a
T-cell phenotype.

The chromosomal translocation t(2;5)(p23;9335) is observed in ALCLs.
A novel chimeric protein p8ONMM/ALK1 regults from the fusion of the ALK
and NPM genes at 2p23 and 5935, respectively*3. A monoclonal
antibody which recognises this protein in frozen and routinely processed
material was used for the immunohistochemical identification of ALCL
with t(2;5)%. 30 of 105 ALCLs were positive for p80. Interestingly, not
only were the majority of the p80 positive ALCLs children or
adolescents, but p80 positive group also showed a statistically significant
increase in S year survival in comparison to the p80 negative ALCL (79.8
vs 32.9%).

Key points for clinical practice

The aim of tumour classification is to group tumours in a way that has
clinical value. The recent advances described indicate and offer a means
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Fig.4 Anaplasticlarge

cell ymphoma (ALCL).
(A) Large, anaplastic

cells. (B} cells showing

membrane CD30
immunoreactivity.

to identify the underlying molecular changes associated with different
groups of paediatric tumours which can present a diagnostic problem
using traditional immunocytochemistry and electron microscopy. In
addition, some of the genotypic and phenotypic characteristics presented
influence the clinical behaviour of the tumour. These are summarised in
Table 1. The findings suggest that appropriate genotypic and phenotypic
analysis should form an integral part of the laboratory assessment of such
paediatric patients and impact on their clinical management. Further
molecular characterisation may lead to additional diagnostic and
prognostic indicators and potentially novel forms of treatment.
Molecular characterisation in conjunction with monitoring patient
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progress, should lead to defining the most appropriate treatment for
individual tumours and should improve patient management and
survival.

Acknowledgements

PR would like to thank Alan Brownhill for his help with the photography
and Christina Evans for the immunocytochemical staining. JS would like
to thank Brenda Summersgill, Stephen Weber-Hall, Aidan McManus and
John Anderson for their help in preparing the figures; Barry Gusterson
for his helpful comments and the Cancer Research Campaign for their
support.

References

10

11

12

13

Brown R, Chirala R. Utility of micro-wave antigen retrieval in diagnostic
immunohistochemistry. Modern Pathol 1995; 8: 515-20

Ramani P, Dewchand H. Expression of mdr1/P-glycoprotein and p110 in neuroblastoma. |
Pathol 1995; 175: 13-22

McManus AP, Gusterson BA, Pinkerton CR, Shipley JM. The molecular pathology of the small
round cell tumours-relevance to diagnosis, prognosis and classification. ] Pathol 1996; 178:
116-21

Brodeur GM, Pritchard ], Berthold F et al. Revisions of the international criteria for
neuroblastoma diagnosis, staging and response to treatment. J Clin Oncol 1993; 11: 1466-77
Takeda O, Homma C, Maseki N et al. There may be two tumour suppressor genes on
chromosome arm 1p closely associated with biologically distinct subtypes of neuroblastoma.
Genes Chrom Cancer 1994; 10: 30-9

Schleiermacher G, Peter M, Michon ]J. Two distunct deleted regions on the short arm of
chromosome 1 1n neuroblastoma. Genes Chrom Cancer 1994; 10: 275-81

Kogner P, Barbany G, Bjork O et al. Trk mRNA and low affinity nerve growth factor receptor
mRNA expression and triploid DNA content in favorable neuroblastoma tumors. Prog Clin
Biol Res 1994; 385: 13745

Nakagawara A, Arima NM, Scavarda NJ et al. Association between high levels of expression
of the TRK gene and favorable outcome in human neuroblastoma. N Engl ] Med 1993; 328:
847-54

Dominici C, Nicotra M, Digiesi G et al. Inmunohistochemical detection of high-affinity nerve
growth factor receptor in neuroblastoma. Eur | Cancer 1995; 31A: 4446

Hoehner JC, Olsen L, Sandstedt B, Kaplan DR, Pahlman S. Association of neurotrophin
receptor expression and differentianon in human neuroblastoma. Am J Pathol 1995; 147:
102-13

Terpe H, Christiansen H, Berthold F et al. Absence of CD44 standard in humnan neuroblastoma
correlates with histological dedifferentiaion, MYCN amplification and reduced survival
probability. Cell Death Different 1994; 1: 123-8

Combaret V, Lasset C, Frappaz D et al. Evaluanon of CD44 prognostic value in neuroblastoma:
Comparison with the other prognostic factors. Eur | Cancer 1995; 31A: 545-9

Christiansen H, Sahin K, Berthold F et al. Comparison of DNA aneuploidy, chromosome 1
abnormalities, MYCN amplification and CD44 expression as prognostic factors in
neuroblastoma. Eur | Cancer 1995; 31A: 5414

British Medical Bullatin 199652 (No. 4)

739

¥20Z Iudy 61 uo1senb Aq L ¥9/2E/¥2./¥/2G/8191e/quid/woo dno olwepeoe//:sd)y woly papeojumod



Cancerin children

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Castle V, Heidelberger KP, Bromberg ] et al. Expression of apoptosis-suppressing protein bcl-2,
1n neuroblastoma is associated with unfavourable histology and N-MYC amplification. Am |
Pathol 1993; 143: 1543-50

Ramani P, Lu Q-L. Expression of bcl-2 gene product in neuroblastoma. J Pathol 1994; 172:
273-8

Thomas J, Nijjar J, Turley H, Micklem K, Gatter K. NB84: a new monoclonal antibody for the
recognition of neuroblastoma in routinely processed material. | Pathol 1991; 163: 69-75
Newton W, Gehan E, Webber B et al. Classification of rhabdomyosarcoma and related
sarcomas. Cancer 1995; 76: 1073-85

Clark J, Rocques PJ, Braun T et al. Expression of members of the myf gene family in human
thabdomyosarcomas. Br | Cancer 1991; 64: 1049-52

Parham DM, Dias P, Kelly DR, Rutledge JC, Houghton P. Desmin positivity 1n primitive
neuroectodermal tumors of childhood. Am | Surg Pathol 1992; 16: 483-92

Barr FG, Chatten J, D’Cruz CM et al. Molecular assays for chromosomal translocations in the
diagnosis of pediatric soft tissue sarcoma. JAMA 1995; 273: 553-7

McManus AP, O’Reilly M], Pritchard-Jones K et al. Interphase fluorescence in situ
hybridization detection of t(2;13)(q35;q14) -a diagnostic tool in minimally invasive biopsies.
J Pathol 1996; 178: 410-14

Barr FG, Nauta LE, Davis R] et al. In vivo amplification of the PAX3-FKHR and PAX7-FKHR
fusion genes in alveolar rhabdomyosarcoma. Hum Mol Genet 1996; 5: 15-21

Weber-Hall S, McManus A, Anderson ] et al. Novel formation of the PAX7-FKHR fusion gene
in a case of alveolar rhabdomyosarcoma. Genes Chrom Cancer 1996; In press

Douglass EC, Shapiro DN, Valentine M, Rowe ST. Alveolar rhabdomyosarcoma with the
t(2;13): cytogenetic findings and clinicopathologic correlations. Med Pediatr Oncol 1993; 21:
83-7

Driman D, Thorner PS, Greenberg ML, Chilton-MacNeill S, Squires J. MYCN gene
amplification in rhabdomyosarcoma. Cancer 1994; 73: 2231-7

Wijnaendts LCD, Linden JC, Diest PJ et al. Prognostic importance of DNA flow cytometric
variables in rhabdomyosatcoma. | Clin Pathol 1993; 46: 948-52

Pappo AS, Crist WM, Kuttesch ] et al. Tumor-cell DNA content predicts outcome in children
and adolescents with clinical group III embryonal rhabdomyosarcoma. The Intergroup
Rhabdomyosarcoma Study Committee of the Children’s Cancer Group and the Pediatric
Oncology Group. J Clin Oncol 1993; 11: 1901-5

Dehner LP. Primitive neuroectodermal tumor and Ewing’s sarcoma. Am | Surg Pathol 1993; 17:
1-13

Kaneko Y, Yoshida K, Handa M et al. Fusion of an ETS-family gene, E1AF, to EWS by
t(17;22)(q12;q12) chromosome translocation in an undifferentiated sarcoma of infancy. Genes
Chrom Cancer 1996; 15: 115-21

McManus AP, Gusterson BA, Pinkerton CR, Shipley JM. Diagnosis of Ewing’s sarcoma and
related tumours by fluorescence in situ hybridisation detection of chromosome 22q12
translocations on tumour touch imprints. J Pathol 1995; 176: 13742

Stevenson A, Chatten ], Bertoni F, Miettenen M. CD99 (p30/32 MIC2) neuroectodermal/
Ewing’s sarcoma antigen as an immunohistochemical marker. Review of more than 600
tumours and literature experience. Appl Immunobistochem 1994; 2: 231-40

Ramani P, Rampling D, Link M. Immunocytochemical study of 12E7 in small-round cell
tumours of childhood: an assessment of its sensitivity and specificity. Histopathology 1993; 23:
557-61

Sorenson PHB, Shimada H, Liu XF et al. Biphenotypic sarcomas with myogenic and neural
differentiation express the Ewing’s sarcoma EWS/FLI1 fusion gene. Cancer Res 1995; 55:
1385-92

Gerald W, Miller H, Battifora H et al. Intra-abdominal desmoplastic small round-cell tumour.
Report of 19 cases of a distinctive type of high grade polyphenotypic malignancy affecting
young individuals. Am ]| Pathol 1991; 15: 499-513

Ladanyi M, Gerald W. Fusion of the EWS and WT1 genes in the desmoplastic small round cell
turmnour. Cancer Res 1994; 54: 283740

740

British Medical Bulletin 199652 (No. 4)

20z Iudy 61 uo isenb Aq | +9/2¢/v2./¥/2S/eIPE/qud/WOoD dno"dlWapede//:sd)y WOl papEojuMO(



Recent advances in the pathology of paediatric solid tumours

36

37

38

39

40

41

42

43

Biegel JA, Rorke LB, Janss AJ, Sutton LN, Parmiter AH. Isochromosome 17q demonstration by
interphase fluorescence in situ hybridization in primitive neuroectodermal tumors of the central
nervous system. Genes Chrom Cancer 1995; 14: 85-96

Willert JR, Daneshvar L, Sheffield VR, Cogan PH. Deletion of chromosome arm 17p DNA-
sequences in pediatric high-grade and juvenile pilocytic astrocytomas. Genes Chrom Cancer
1995; 12: 165-72

Pomeroy SL. The p53 tumor suppressor gene and pediatric brain tumors. Curr Opin Pediatr
1994; 6: 632-5

Kimmel DW, O’Fallon JR, Scheithauer BW et al. Prognostic value of cytogenetic analysis in
human cerebral astrocytomas. Ann Neurol 1992; 31: 53442

Rodriguez E, Houldsworth ], Reuter VE et al. Molecular cytogenetic analysis of 1(12p) negative
human male germ cell tumors. Genes Chrom Cancer 1993; 8: 230-6

Perlman EJ, Valentine MB, Gniffin CA, Look AT. Deletion of 1p36 in childhood endodermal
sinus tumors by two-color fluorescence in situ hybridization: a pediatric oncology group study.
Genes Chrom Cancer 1996; 16: 15-20

Rubie H, Gladieff L, Robert A, et al. Childhood anaplastic large-cell lymphoma Ki-1/CD30:
clinicopathologic features of 19 cases. Med Pedtatr Oncol 1994; 22: 155-61

Morris SW, Kistein MK, Valentine MB et al. Fusion of a kinase gene, ALK, to a nucleolar
protein gene, NPM, in non-Hodgkin's lymphoma. Science 1994; 263: 12814

Shiota M, Nakamura §, Ichinohasama R et al. Anaplastic large cell lymphomas expressing the
novel chimeric protein p8ONPM/ALK: a distinct clinicopathologic entity. Blood 1995; 86:
1954-60

Bntish Medical Bulletin 1996;52 (No. 4)

741

202 1udy 61 U0 1sanb AqQ | $9/2€/¥2./7/2S/3191Me/qug/wod dno-olwapede//:sdiy Woly papeojumoq



