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Abstract
A consecutive series of 30 cases of
extracranial medulloblastoma meta-
stases in adults is analysed. The majority
of the patients were males with a 3:1
male/female ratio. Bone was the most
frequent site of metastases in adults
(77%) and children (78%), followed by
lymph nodes (33%) in both children and
adults. Lung metastases were more
common in adults (17%), but liver
metastases occurred more frequently in
children (15%). Possible routes of spread
and development of metastases are dis-
cussed, with special emphasis on the role
of shunts in tumour seeding. Distant
extracranial metastatic spread of
medulloblastoma occurs at the rate of
7-1%. Mean interval between operation
of the primary tumour and the discovery
of metastases was shorter in children (20
months) than in adults (36 months).
Survival after the discovery of meta-
stases was also shorter in children
(5 months) than in adults (9 5 months).
Shunts were associated with an earlier
appearance of metastases and with a
poorer prognosis. A detailed review of
the literature of 119 cases of medullo-
blastoma with extracranial metastases is
provided.

Reports of primary central nervous system
tumours with distant metastatic spread first
appeared in 1886' and 1889.2 These, as well as
succeeding cases, concerned meningeal
tumours and it was only in 1936 that Nelson3
reported the first well-documented case of
metastases outside the central nervous system
in a patient with cerebellar medulloblastoma.
In 1961 Paterson4 was the first to publish a
series of 35 cases ofmedulloblastoma, seven of
which displayed extracranial metastases. Sub-
sequently, several other series of medullo-
blastoma with extracranial metastases were
published (table 1), as well as numerous single
case reports. Most reports to date have
involved children, adult cases apparently
being much rarer. The present investigation
offers a comprehensive survey of the literature
on extracranial metastases of medulloblastoma
in adults and also an additional case report
that provided the stimulus for our review of
this rare phenomenon.

Case report
A 33 year old male presented with severe

headache and vomiting. On physical examina-
tion, he showed bilateral papilloedema and
severe ataxia and incoordination. Brain
computerised tomography (CT) demonstrated
a large mass, 5 cm in diameter, in the vermis
and right cerebellar lobe. Suboccipital
craniotomy was performed and a large, soft
greyish cerebellar tumour, extending into the
roof of the fourth ventricle, was totally
excised. The tumour was found to be a
medulloblastoma. A post-operative CT scan
did not reveal any residual tumour. The
patient subsequently received radiation
therapy: whole brain-3600 RAD, posterior
fossa-5200 RAD, total spine-3000 RAD.
On discharge, the patient had no neurological
deficit and remained symptomless.
Twenty one months after corrective sur-

gery, however, low back pain and micturition
difficulties appeared, and within two weeks,
urinary retention developed, with paraparesis
and loss of sphincter control. Myelography
showed a partial block at T7 and a complete
block at T3, with multiple intradural lesions
along the dural sac. CT scan revealed a
hypodense area in the roof of the fourth
ventricle, containing a discrete area with some
contrast enhancement. Bone radio-isotope
scan showed increased absorption in thoracic
vertebrae TI-TIo, in most ribs, and in the
sternum, pelvis and both femurs. Liver
radioisotope scan revealed several foci of
increased absorption, and a chest radiograph
demonstrated multiple pulmonary metastases.
Bone marrow biopsy revealed an infiltration
of numerous tumour cells diagnosed as
medulloblastoma, with large areas of necrosis
and fibrosis. The patient received a course of
radiation therapy and a course of C-MOPP.
However, his condition gradually deteriorated
and he died two months later.
To the best of our knowledge, although

questions of incidence of extracranial meta-
stases of medulloblastoma, location, mode
of spread and survival have been discussed
in previous reviews, none of them have
separately discussed the problem of extracran-
ial metastases of medulloblastoma in adults.

Results and comments
In 1930 Bailley5 demonstrated that
medulloblastomas tended to seed along
cerebrospinal fluid (CSF) pathways, and in the
same year Wohlvill6 was the first to
draw attention to the occurrence of systemic
metastasis of a medulloblastoma. Since then,
metastases within the central nervous system
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Table I Frequency of medulloblastomas with extracranial metastases

No cases No cases extracranial % Medulloblastoma with
Authors medulloblastoma metastases extracranial metastases

Paterson4 (1961) 35 7 20-0%
Friborsky'° (1963) 6 1 16-7%
Dexter and Howell" (1967) 93 3 3-2%
Bloom et al'5 (1969) 82 2 2-4%
Aron" (1969) 24 1 4-1%
Chatty and Earle'4 (1971) 201 4 2 0%
Smith etral (1973) 43 3 7-0%
Hoffman et al " (1976) 44 6 13-6%
Brown et al'' (1977) 14 1 7-1%
Das and Dalby" (1977) 22 3 13-6%
Schnitzler and Richardson'9 (1978) 28 4 14-3%
Jackson and Graham5' (1978) 100 1 1 0%
Raimond and Tomita2' (1979) 51 0 0
Paillas et al' (979) 17 3 17-6%
McComb et al 23 (1981) 34 6 17-6%
Campbell et al54 (1984) 152 15 9-9%
Kasantikul et a152 (1986) 35 1 2-9%
Farwell and Flannery5' (1987) 44 12 27-3%
Total 1025 73 7-1%

have been found in one third to one halfofcases Location of metastases
where a careful search of the brain, spinal cord Bone was the most frequent site for extracranial
and nerve roots was carried out.79 Metastases metastases, both in adults (77% ofcases) and in
outside the craniospinal axis, however, are children (78%). Lymph node metastases were
much rarer, their overall incidence comprising second in frequency, with an incidence of33%
7-1% (table 1). in both adults and children. In third place in

adults, were the lungs (17%), followed by
Age and sex distribution muscle (13%) and liver (10%). In children,
In searching the literature, 119 cases of however, liver metastases were more frequent
medulloblastoma with extracranial metastases (15%) and lung metastases less frequent (11%)
were found, 89 (75%) of which were in chil- than in adults (17%), while muscle was a rare
dren,818 202-2527-55 and 30 (25%) in persons target (2%) of metastatic spread (table 3). In
aged 17 or older (table 2). The age range of both adults and children, the lesions usually
afflicted adults was between 17 and 46 years, involved the axial skeleton, the pelvic and
with a mean of25 for both males and females. A shoulder girdle and adjacent ends of long
marked overall male predominance is evident bones, the ribs and the skull. Occasionally,
from the literature, with a 3:1 male/female there was periosteal new bone formation.
ratio, but for medulloblastoma in adult patients Metastases which initiated reactive new bone
without extracranial metastases, the male/ formation were well visualised radio-
female ratio was 2:1 .31 graphically.63 An unusual coupling of leuko-
When compared with extracranial meta- erythroblastic anaemia with diffuse osteo-

stases of astrocytomas and glioblastomas,69 it sclerosis was reported in a 25 year old man.'
was found that metastases occurred mainly in The liver was the most frequent site of
adults (63 cases or 88%). In our study of metastases (13%) of the abdominal viscera in
extracranial metastases of medulloblastoma, adults and children. Several cases, however,
the percentage of adult cases was only 25%. showed extensive deposits in other abdominal

Table 2 Localisation of the metastases in cases of medulloblastoma in adults

Authors Age Sex Location of Metastases

Nelson' (1936) 24 M vertebrae
Sach et al 5' (1936) 19 M vertebrae, ribs, pelvis
Kehler and Beck?' (1954) 24 M vertebrae, ribs, pelvis, lymph nodes
Gerlach56 (1959) 20 F lymph nodes, neck muscles
Patterson4 (1961) 19 M vertebrae, ribs, pelvis
Rubinstein and Northfield' (1964) 17 M vertebrae, ribs, clavicles, femur, humerus
Papilkon et al'7 (1966) 20 M vertebrae, pelvis
Corrin and Meadows5' (1967) 20 M vertebrae, pelvis
Bach et at' (1968) 25 M vertebrae, sternum, ribs, lymph nodes
Smith et al" (I 969) 28 M lymph nodes

24 M ribs, femur, pelvis, liver, lung
33 M ribs, femur, pleura

Stolzenberg et alW (1970) 25 M vertebrae, ribs, pelvis, lung
Tzonos and Gusee' (1970) 21 M femur, lymph nodes
Maurer and Weber'5 (1972) 28 F pelvis, femur, scalp
Bates and Fiddian" 38 F vertebrae, lymph nodes, retroperitoneal mass
Brutschin and Culver"9 (1973) 17 M pelvis, femur

18 F pelvis, femur, humerus, scapula, lung, breast
Lewis et al " (I973) 46 M vertebrae, stemum, lymph nodes, lung, liver, panereas, ureters
Parkinson et al64 (1974) 22 M pelvis, ribs, scapula
Ho et al' (1976) 20 M pelvis
Booher and Schmidtknecht"' (1977) 25 M pelvis, femur, hip
Brown et al' (1977) 21 M distant metastases?
Parkert and Farr47 (1978) 26 F pelvis, femur
Nathanson and Kovacs"7 (1978) 25 F pelvis, lymph nodes, femur, clavicles
McComb et al3 (1979) 19 F lymph nodes, muscles
Kleinman et al'5 (1981) 29 M vertebrae, femur, acetabulum

26 F vertebrae, pelvis, femur, lymph nodes, pleura, liver, pancreas
Kasantikul et al 2 (1986) 21 M vertebrae, pelvis, femur, orbit, cranial bones, clavicles
Rochkind et al 33 M vertebrae, sternum, ribs, pelvis, femur, liver, lung, bone marrow
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Table 3 Site of extracranial metastases of medulloblastoma in children and adults

Children Adults

Site of Metastases No cases (n = 89) % Total cases No cases (n = 30) % Total cases

Skeleton 69 78 23 77
Lymph nodes 29 33 10 33
Lung 10 11 5 17
Liver 13 15 3 10
Muscle 2 2 4 13
Other 28 32 6 20

organs such as the pancreas (4%). Additional
sites occasionally involved were kidneys (2%),
ureters (1%), testes (2%), ovaries (1%), breast
(1 %) and thymus (1%). It is interesting that no
tumour deposits have ever been found in the
adrenals, a fact first noted by Smith et al 42 in
their small-scale study (eight cases) of
extracranial medulloblastoma metastasis, and
also clearly borne out in the present survey of
1 19 cases.
Among the neuroectodermal tumours which

gave rise to extracranial metastases,
medulloblastoma is second in frequency, the
first being glioblastoma multiforme.3245370
Although the most common childhood brain
tumour to spread outside the central nervous
system is medulloblastoma," the extracranial
metastases of glioblastoma have a different
pattern of spread, from those of medullo-
blastoma (table 4). Thus bone metastases being
by far the most common with medulloblastoma
(78%), occur in only 30% of cases with meta-
static glioblastoma and astrocytoma.69 Con-
versely, the lung is the most frequent site of
spread of glioblastoma and astrocytoma (60%),
but is much less frequently affected in
medulloblastoma (13%). Lymph node metas-
tases have approximately the same high
frequency in both primary tumours, glioblas-
toma (51%) and medulloblastoma (33%). The
liver is less frequently involved in medulloblas-
toma (13%) than in glioblastoma (22%). In our
survey of 89 cases of extracranial medulloblas-
toma metastases in children, the most frequent
sites were bone (78%), lymph nodes (33%),
liver (15%) and lung (11%) (table 3). In
children with other types of intracranial
tumours, the most common sites were: lung
(79%), lymph nodes (39%) and bone (25 %).24

Routes of spread
It is interesting to speculate on the routes
whereby medulloblastoma cells reach distant
sites. Direct lymphatic spread is impossible,
because true lymphatics are not present in the
central nervous system. However, the lymph
nodes may become secondarily involved by
spread from an extranodal metastatic deposit.
It is also possible that spread of tumour

Table 4 Comparison of site of extracranial metastases in
neuroectodermal tumours

Astrocytoma and
Site of metastases Medulloblastoma glioblastoma

Bone 78% 30%
Lymph nodes 33% 51%
Lung 13% 60%
Liver 13% 22%

in continuity along nerve roots may lead to
invasion of lymphatics,'8 and indeed
Oberman46 has reported the presence of
tumour cells in peripheral lymphatics. Local
lymphatic extension to the extracranial tissues
of the head and neck is suggested from cases
that have demonstrated either scalp masses or
cervical lymph node involvement.4 McComb et
al 72 described two cases of infants with soft
tissue masses in the neck, whose necropsy
examination revealed primary medullo-
blastoma of the cerebellar vermis with exten-
sive spread through the subarachnoid space;
the tumour locally infiltrated the bone marrow,
fat, muscles and lymph nodes. Russel and
Rubenstein50 conjectured that small veins
might be the route of extracranial dissemina-
tion because tumour cells penetrating blood
vessels, tumour invasion of dural veins, or
direct extension to the cranium or to the
operative site, are almost always encountered.
By now, the haematogenous route of spread is
accepted by most authors and indeed the
prevalence and distribution of skeletal meta-
stases are consistent with the haematogenous
mode of spread.63
Two unusual cases of intramedullary lesions

13 months and two and a half years after
resection of cerebellar medulloblastomas have
been reported.301 There was no evidence of
subarachnoid spread of the tumour. These
reports suggested that the tumour had spread
from the cerebellum through the central canal
of the spinal cord.

Extravasation and development of metastases
The first step in the metastatic process is that
the primary tumour mass must generate variant
cells that can break away, penetrate the
surrounding stromal tissue, and make their way
into the circulation.73 After they invade the
blood vessels, single tumour cells or multicell
emboli circulate and eventually reach the
capillary bed of distant organs, where they are
arrested. Interactions of metastatic cells with
the microvasculature evoke inflammatory
responses that provide sources of enzymes and
could enhance extravasation of tumour cells
into the organ parenchyma. After metastatic
cells extravasate into the organ parenchyma,
they must proliferate in order to give rise to
secondary lesions.7s76 However, in vitro
studies indicate that variation in the surface
properties of endothelial cells from different
target organs may partially account for
differences in the binding of circulating cancer
cells, which leads to organ preference in meta-
static localisation.77
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Table 5 Correlation of shunt procedure with extracranial metastases of medulloblastoma

No of cases with extracranial
metastases following shunt

Authors procedure Location of metastases

Berger and Elvidge31 (1963) 2 skeleton-1, peritoneum-2
Oberman' (1963) 1 skeleton-I, lymph nodes-I
Miyake et al43 (1964) 1 skeleton, lymph nodes, liver, scalp
Makeever and King42 (1966) 1 lung, lymph nodes, pleura, diaphragm
Banna et alt (1970) 1 skeleton
Maurer and Weber'2 (1972) 1 pelvis, femur, scalp
Brutschin and Culver'2 (1973) 1 skeleton, lymph nodes, lung
Kwast and Waal' (1974) 1 jaw
Kessler et al " (1975) 1 skeleton
Hoffman et al" (1976) 4 skeleton-3, bone marrow-4, liver-1, pleural effusion-I
Brown et al " (1977) 1 distant metastases?
Zumpano" (1978) 1 intramedullary in spinal cord
Schnitzler et al " (1978) 1 vertebrae, pelvis, ribs, sternum, femur, humeri
Thomas et alt (1980) 1 bone marrow
Norris et al45 (1981) 1 skeleton
Campbell et at24 (1984) 15 skeleton-14, bone marrow-9, peritoneum-5, liver-3,

lung-1, kidney-1, bowel-1, lymph nodes-I
Total 34

Metastases and immune system
Most non-haematopoetic cancer cells detected
in the bloodstream are dead75 and only one in
10 000 cells entering the circulation succeeds in
establishing a new metastatic lesion.78 Two
distinct mechanisms are probably responsible
for the death of most metastatic cells. To some

extent, natural host immunity is able to destroy
malignant cells.73 Natural killer (NK) cells and
macrophages, appear to be a major means of
eliminating tumour cells.80 Immune reactions
against tumour-specific antigenes generate tar-

get-specific cytotoxic T cells and lead to the
production of lymphokines which in turn

promote additional cytotoxic reactions by
lymphokine-activated killer (LAK) cells.80"8
However, even under optimal circumstances,
the defence system cannot account for the rapid
destruction of almost all circulating tumour
cells.82

Shunt procedures and metastatic spread
In 1963, Abraham and Chandy83 pointed out
the value of a precraniotomy shunt in the
management of patients with a posterior fossa
tumour. Hoffman et al'6 who routinely inserted
ventriculoperitoneal shunts in all patients with
posterior fossa tumour and hydrocephalus,
seven to 10 days before craniotomy, found that
of 41 patients with medulloblastoma thus
treated, four had metastasised through the
shunt. Kessler et al,39 in reviewing 53 cases of
systemic metastases of medulloblastoma,

found eight to be associated with shunts. Two
of these shunts were ventriculoperitoneal,"l
five were ventriculoatrial28324662 and one was

both ventriculoatrial and lumboperitoneal.39
With a ventriculoatrial shunt, the direct path-
way shunting CSF to the blood is rather
obvious and it is reasonable to attribute spread
of the tumour into bone, lymph nodes, liver,
lung, etc to an intravascular dissemination
which might well be promoted by the shunting.
Similarly with ventriculoperitoneal shunt,
peritoneal seeding has been described,3' with
the seeding specifically evident around the
peritoneal end of the shunt tube. Lumbo-
peritoneal shunt apparently also served as

direct pathway in the case of a tumour mass

surrounding the tip of the catheter.39 Several
other authors'7 42 45 84 have likewise ascribed the
appearance of distant metastases to ventricu-
loperitoneal or ventriculoatrial shunts. Table 5
lists all reported cases of extracranial metas-
tases of medulloblastoma with site of location
in patients that had had a shunt procedure.
A shunt seems to be associated with a

significantly earlier appearance of extracranial
metastases in both children and adults, and
with a poorer prognosis in children (table 6).
Thus in children without a shunt, metastases
are discovered after a mean interval of 24
months from the first operation, whereas in
children with a shunt, this interval diminished
to 13 months. In adults, the mean disease
duration until the detection of extracranial

Table 6 Shunt procedure correlated with duration of disease until detection and with survivalfollowing detection of
extracranial metastases

Mean duration of symptoms until Mean survival after
No ofpatients recognition of metastases recognition of metastases

Adults
Without shunt 23 39 months 10 months**
With shunt 2 8 months 4 months
Total 25*
% patients with shunt procedure 8%
Children
Without shunt 51 24 months 6 months**
With shunt 28 13 months 3 months***
Total 79*
% patients with shunt procedure 35%

*In five additional adult cases and ten children, data were lacking regarding the performance of shunts.
**Five other adults and three children were still alive when reported33 55 60 65" 8S and were not included in this table.
***One other child was still alive when reported and was not included in this table.
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metastases is 39 months in those without a

shunt versus eight months in those with a

shunt. Mean survival after detection of metas-
tases is six months in children without a shunt,
and three months in children with a shunt,
while in adults the corresponding means are 10
months and four months, respectively. A shunt
procedure thus seems to exert an adverse effect
on the course and prognosis of the disease.

Disease duration and survival after recognition of
metastases
Mean duration from excision of the primary
tumour to discovery of metastases is 36 months
in adults (range two to 120 months). In chil-
dren, this interval is much shorter, with a mean

of 20 months (range 0-6 to 76 months). Al-
though the time interval from the operation
may be as long as 10 years, as in one of
Stolzenberg's cases."
Mean survival after the discovery of

extracranial metastases is 9-5 months in adults
(range 0 2 to 24 months). The prognosis is
poorer in children with a mean survival of only
five months (range 0 to 18 months). Of interest
is the case report of a patient who was still alive
four years after the discovery of metastases."

Treatment
In 1930 Cushing86 was the first to report the use
of total CNS irradiation in medulloblastoma.
Currently, the standard therapy for medul-
loblastoma after surgery, includes post-
operative craniospinal irradiation,4' which has
a five year survival rate of between 40% to
60%. The majority of children surviving
medulloblastoma who have received whole-
brain radiotherapy are severely intellectually
impaired.87 Moreover, high frequency of gross
hormone (GH) deficiency and thyroid dys-
function have been reported as a consequence
of cranial radiation.88 89
The International Society of Pediatric

Oncology,90 the Children Cancer Study
Group9' and other sources929' have indicated
that chemotherapy may delay, but does not
ultimately prevent, recurrence of the malig-
nancy. Yet, chemotherapy has been found most
useful in young children with extensive tumour
invasion and incomplete resection.9' Medul-
loblastomas respond to chemotherapeutic
agents that normally have limited access to
brain: cyclophosphamide is water soluble and
crosses the blood-brain barrier slowly; and
vincristine exhibits high protein binding in
plasma, which limits access to the normal
brain.9495 An interesting effect of chemo-
therapy on the radiological appearance of
skeletal metastases of medulloblastoma has
been demonstrated,28 wherein radiograms

taken a few months after the administration of
the cytotoxic drug, revealed gradual re-

ossification of the osteolytic lesions and disap-
pearance of the periosteal new bone.
Treatment of extracranial metastases of

medulloblastoma may be carried out in one of
four ways:'9 radiation therapy alone,4 14283649
radiation therapy combined with chemo-
therapy,34 37 45 60 63 chemotherapy alone3263 72 96 97
and supportive treatment without any radio-
therapy or chemotherapy.4
Treatment outcome in adults in terms of

survival is shown in table 7. In this study we did
not find a significant difference between
survival after recognition of metastases and
type of treatment. Mean survival after dis-
covery of extracranial metastases and
additional treatment was 10 months for
radiotherapy treated group, seven-months for
chemotherapy treated group, nine months for
radiotherapy with chemotherapy treated group
and nine months for supportive treatment
group.

It is now well known that endothelial damage
facilitates metastatic cell arrest by causing
exposure of the basement membrane.98 Agents
that damage the endothelium can enhance
formation of spontaneous metastases. These
agents include commonly employed antineo-
plastic drugs, oxygen and x-ray.99

Cancer treatments that destroy most, but not
all, of the tumour cells may be stimulating the
surviving cells to quickly produce new genera-

tions of tumour cell variants that may be more

metastatic and resistant to treatment.'°°

Conclusions
Discovery of extracranial metastases of
medulloblastoma augurs ill for all age groups,

for by then there is already widespread dis-
semination, and the response to treatment is at
best limited. In adults, the sites of metastases
are somewhat different than in children, the
time interval until the appearance ofmetastases
is longer, and survival is better. In patients of
all ages, shunt procedure carries the risk of
providing a route for tumour dissemination
and should therefore be employed only where
absolutely necessary.
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assistance.
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