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Detection of bone marrow invasion by neuroblastoma
is improved by sampling at two sites with both
aspirates and trephine biopsies
IM FRANKLIN,* J PRITCHARD

From the Department ofHaematology and Oncology, The Hospital for Sick Children, Great Ormond Street,
London WCJN 3JH

SUMMARY Two hundred and eight serial bone marrow samples from 49 consecutively diagnosed
children with neuroblastoma were studied retrospectively for evidence of tumour invasion. Bone
marrow involvement was found in 24 patients at diagnosis and in four more at a later stage in
their disease. Trephine biopsies were more effective than aspirates for tumour detection in 20%
of the 154 paired aspirate/trephine procedures, whilst the reverse was the case in 7%. Imprints of
trephines gave no additional information. Bilateral sampling (aspirates and trephines) improved
the tumour detection rate by 10% over that attained by sampling a single site. There was some
correlation between specific appearances in aspirate and in trephine samples, for example the
hypocellular smear and the trephine biopsy showing much stromal reaction to tumour infiltration.

Bilateral iliac crest bone marrow aspirates and trephine biopsies are indicated in children with
neuroblastoma, both for initial staging and for monitoring of progress.

Neuroblastoma is a relatively common childhood
tumour and patients with advanced disease often
have bone marrow involvement.' Staging criteria,2
including marrow sampling,3 have assisted in defin-
ing poor prognosis patients. The recent use of auto-
logous bone marrow "rescue", following high dose
chemotherapy,4 has provided an additional impor-
tant reason for accurate assessment of bone marrow
status of such patients. In adults, it is well recognised
that invasion of marrow by solid tumours may have
a focal distributions6 that may be missed by examin-
ing only aspirated material or by sampling a single
site: trephine biopsy and bilateral sampling have
therefore been suggested to improve the detection
rate.5 Trephine biopsies have also been recom-
mended in children7 but, to date, there has been no
large-scale study of their value in patients with
neuroblastoma.

Since 1977 we have performed bilateral posterior
iliac crest bone marrow aspirates and trephine biop-
sies on children for staging of neuroblastoma, for
monitoring response to chemotherapy and for asses-
sing suitability for bone marrow harvesting. In this
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paper we analyse the results of these investigations
in order (a) to assess the practicability of trephine
biopsy in young children (b) to compare the efficacy
of aspirate and trephine biopsy for detection of
metastatic disease (c) to assess the role of simul-
taneous marrow sampling at two sites and (d) to
identify patterns of marrow involvement by neuro-
blastoma.

Patients and methods

Bone marrow aspirates and trephine biopsies from
49 patients with neuroblastoma referred to the Hos-
pital for Sick Children between 1977 and 1981 were
studied retrospectively for evidence of infiltration by
tumour.

Diagnosis was either by histopathological exami-
nation of primary or secondary tumour or by a com-
bination of clinical, radiological and biochemical
findings.8 There were 28 boys and 21 girls, aged
between 1 month and 12 yr (median 33 months).
Apart from bone marrow examination, staging was
by chest radiography, abdominal ultrasound with or
without CT scanning, bone scan and skeletal survey;
the distribution of stages was typical for any moder-
ate or large series of children with neuroblastoma
(Table 1). Of the 208 procedures, 86 were per-
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Table 1 Patients and procedures

Stage No of Marrow involved* Total No of
patients at diagnosis procedures

I 4 - 7
II 6 - 11
III 5 - 19
IV 34 24 171
Total 49 24 208

*Four additional patients (1 previously stage III; 3 stage IV) had
marrow invasion detected during follow-up.

formed at diagnosis and the remaining 122 at
follow-up.
Bone marrow involvement was assessed by

examination of spread films of aspirated material,
stained by May-Griinwald-Giemsa. All available
slides (median 3-4) were examined thoroughly for
evidence of gross disease or for small clumps of
tumour cells. In the absence of clumps, a differential
count of at least 500 nucleated cells was performed
before a specimen was declared free of tumour. Sec-
tions of formalin-fixed trephine biopsies, obtained
from the posterior iliac crest using the Jamshidi
needle under ketamine anaesthesia, were decalcified
in Zenkers medium, stained with haematoxylin and
eosin and then examined systematically at low and
high magnification; Giemsa-stained sections and
others stained for reticulin were also examined.
Imprint ("touch") preparations of bone marrow
trephine biopsies were examined if available.

Results

Of the 208 aspirates and/or trephine biopsies
examined, 33 consisted only of an aspirate (29) or a
trephine biopsy (4). A further 21 marrow aspirates
had a corresponding trephine biopsy that was inade-
quate in that it was either crushed (4), only consisted
of cartilage (7) or was a tiny bone chip with no mar-
row spaces (10). The median age of the children at
the time of an inadequate or unavailable trephine
biopsy was 33 months, the same as the whole group.
However, for children younger than the median age,
there were 23 failures out of 64 attempts (success
rate of 64%), compared with 25 failures in 144
attempts (82% successful) on older children.

COMPARISON OF ASPIRATE AND TREPHINE
BIOPSIES
One hundred and fifty-four pairs of aspirate and
trephine biopsies were examined, of which 122 rep-
resented 61 simultaneous bilateral pairs. Trephine
biopsy detected tumour more often than aspirates,
but in 10 instances only the aspirate was positive
(Table 2).
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Table 2 No ofpaired aspirates and trephine biopsies
demonstrating tumour invasion

Aspirate and trephine biopsy positive 31
Trephine biopsy positive 31
Aspirate positive 10

These represent 47% of the total aspirate and trephine biopsy
pairs.

BILATERAL SAMPLING
Of the 61 pairs of simultaneous bilateral aspirate
and trephine samples, either the aspirate or trephinq
biopsy was positive on one side only in 13 pairs
(21%). Both sides were positive, and both negative,
in 24 instances each.

IMPRINT (TOUCH) PREPARATIONS FROM
TREPHINE BIOPSIES
Ninety-four imprint preparations were examined
but 26 were technically unsatisfactory, consisting
only of amorphous debris. Only one of the remain-
ing 68 samples yielded information not obtained
from aspirate or trephine: in this instance, the aspi-
rate was negative but a single clump of tumour cells,
detached from a crushed (and therefore inevalu-
able) trephine sample, was identified on the imprint
preparation. There was one other case where the
imprint was positive and the aspirates negative but,
in this instance, the corresponding trephine biopsy
was also positive for tumour.

PATTERNS OF TUMOUR INVASION
Certain microscopic features of involved aspirates
and trephine biQpsies were noted. Unsatisfactory,
dilute aspirates with many disrupted cells but no
obvious tumour were associated in 12 of 16 such
samples with a trephine biopsy that showed exten-
sive involvement with neuroblastoma and a marked
stromal reaction (Fig.). Only twice was a dilute aspi-
rate associated with a corresponding normal
trephine sample, and the remaining two cases
showed extensive invasion with neuroblastoma
without stromal reaction.
The presence of classical neuroblastoma "ro-

settes" was uncommon, and was seen only twice in
aspirated material. In those cases with focal
involvement, tumour was surrounded by normal
marrow and no evidence of any lymphoid reaction
was seen.9

Discussion

The 208 available bone marrow aspirates were
paired with 154 trephine samples that demonstrated
some marrow tissue, represehting a 74% success
rate for trephine biopsy. Cozzutto et all obtained an
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Bone marrow invasion by neuroblastoma

Section oftrephine bone biopsy showing replacement of
bone marrow with neuroblastoma associated with a marked
stromal reaction (a) stained with haematoxylin and eosin
which is associated with prominent retliculin deposition; (b)
stained for reticulin with silver impregnation method.

adequate sample in over 80% of attempts at
trephine biopsy in children under 15 yr of age, which
is comparable with that achieved in this study for
children under 12 yr. Those cases where the
trephine was either unavailable or inadequate had
the same median age, 33 months, as the whole
group, but the success rate in children aged less than
this was 64% whereas for older children it was 82%.
Of the four trephines with no corresponding aspi-
rate, three had fibrotic.marrow involvement with
tumour.
Bone marrow was found to be involved at diag-
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nosis in 24 of 49 children. In most of these, there
was evidence of metastatic spread at other sites. A
similar incidence of marrow involvement at diag-
nosis was found by Cozzutto et al (7 of 12
trephines).' Finkelstein et al3 using aspirates only,
detected invasion of marrow in 28 of 40 cases, but it
is not known whether these were a selected group.
Four children in whom marrow invasion was not

detected at presentation subsequently had positive
aspirates or biopsies, demonstrating the importance
of marrow sampling in assessing the progress of
children with neuroblastoma.
Only the trephine biopsy was positive for tumour

in 31 (20%) of the 154 aspirates and trephine sam-
ple pairs but the importance of performing both
procedures is confirmed by the 10 cases (7%) when
the aspirate provided the only evidence of tumour.
The overall superiority of trephine biopsy in neuro-
blastoma accords with experience in adult malig-
nancies except for diffuse lymphomas and
leukaemias.' 01I These two tumours do not produce a
stromal reaction nor tend to form focal patterns of
infiltration, both of which are features of neuroblas-
toma and contribute to the likelihood of sampling
errors.
At diagnosis, 6 of 60 aspirate and trephine biopsy

pairs showed a discrepancy with only the trephine
sample being involved with tumour. However, 25 of
94 follow-up procedures had only the trephine sam-
ple positive, more than twice the proportion at diag-
nosis. A marked stromal reaction in the trephine
biopsy was also more common on follow-up sampl-
ing, with 19 examples against 9 at diagnosis.
Increased stromal reaction to neuroblastoma follow-
ing chemotherapy might explain these findings.
The simultaneous bilateral aspirates and trephines

from the posterior iliac crests confirm the value of
sampling at these two sites, since on 21% of occa-
sions only one side was positive. In clinical practice
this is only a 10% improvement because half would
be discovered on the "first" side, but this appears a
worthwhile gain and does not discomfit the anaes-
thetised child. The role of marrow aspirates at mul-
tiple sites has been studied by Hartmann (O Hart-
mann, personal communication, 1983) and is being
assessed at this hospital.
The presence of very small aggregates of neuro-

blastoma in otherwise normal marrow aspirates
makes an exhaustive search of all available films
mandatory. Diffuse involvement of marrow with
neuroblastoma is also difficult to diagnose if abnor-
mal cells are less than 5%, since neuroblasts may
appear similar to normal lymphoid cells.'2 The dif-
ferential count may be difficult to interpret there-
fore, but is recommended because diffuse involve-
ment with a larger proportion of cells might be over-
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looked if films are scanned for clumps only. Tumour
cell "rosettes", usually considered to be typical of
neuroblastoma in bone marrow, were seen in less
than 2% of samples, and contribute to the diagnosis
of marrow involvement with neuroblastoma most
infrequently. An unsatisfactory dilute or "blood"
tap in a suspected case of neuroblastoma represents
a particular indication for trephine biopsy and is
presumptive evidence of marrow invasion.
The diagnosis of marrow infiltration with neuro-

blastoma remains imprecise, in particular because of
its tendency for focal invasion. Monoclonal anti-
bodies directed against neuroblasts increase the sen-
sitivity and objectivity of the diagnosis,'3 but the
problem of "sampling error' remains. Radioisotope
scans using such monoclonal antibodies as carriers
might overcome this problem.'4
We conclude that combined bone marrow aspira-

tion and trephine biopsy are relatively easy to per-
form in young children, and that they both contri-
bute to the staging and re-assessment of children
with neuroblastoma. It is worth performing both
procedures at two sites, but the value of sampling
more marrow sites than this is at present not known.
The focal nature of metastatic spread means that (a)
the identification of small numbers of single tumour
cells and (b) sampling errors will always present
problems and alternative methods for even more
efficient detection of marrow involvement, particu-
larly radioimmunolocalisation techniques, should be
urgently investigated.
We wish to thank Dr JR Pincott and Mr G Ander-
son of the Department of Histopathology for provid-
ing the trephine sections. JP received financial sup-
port from the Leukaemia Research Fund and Imper-
ial Cancer Research Fund.
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