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An intensive multiagent chemotherapy regimen
for brain tumours occurring in very young
children
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Abstract
Standard treatment for the majority of
malignant brain tumours consists of
surgery and radiotherapy. This treatment
has late morbidity which is accentuated in
the very young child. As part of a strategy
to improve quality of life and overall
survival of young children with brain
tumours, members of the United
Kingdom Children's Cancer Study Group
(UKCCSG) have piloted an intensive
chemotherapy regimen which aims to
avoid or delay radiotherapy following
surgery. Twenty eight children with a
variety of malignant brain tumours have
received the regimen, which contains car-
boplatin, vincristine, cyclophosphamide,
methotrexate, and cisplatin. The treat-
ment is toxic, resulting in one death from
infection. The bulk of the toxicity was
associated with the administration of car-
boplatin. All but three children eventually
required adjuvant radiotherapy and this
was given between 1.5 and 27 months from
diagnosis (median delay to radiotherapy,
12 months). Using this treatment regi-
men, overall survival at four years is 35%
(confidence intervals 10% to 60%). While
there is no evidence from this study that
radiotherapy can be abandoned in the
management ofmalignant brain tumours,
its introduction may be delayed using
suitable chemotherapy, thus allowing
time for further CNS development. This
treatment strategy has been taken forward
as an international clinical trial run
through the International Society for
Paediatric Oncology, but using a smaller
dose of carboplatin to reduce toxicity.
(Arch Dis Child 1996; 74: 219-223)
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The treatment of children with brain tumours
raises many complex issues. At the heart of
these is the attempt to get good disease control
while minimising injury to surrounding normal
tissue. Treatment usually consists of primary
surgery to control raised intracranial pressure
and to resect tumour, followed by radiotherapy
to treat residual tumour and control distant
metastases. During the last 20 years the
changes that have contributed to an improved
outcome in paediatric brain tumours have
mainly been advances in central nervous system
imaging, neuroanaesthesia, perioperative care,

and delivery of radiotherapy. ' The overall sur-
vival for children with brain tumours currently
stands at 50%, with the quality of that survival
affected by a variety of neuropsychological,
endocrine and skeletal late effects.
These issues are most sharply focused when

caring for the very young child. For a number
of the malignant brain tumours, young age is
often an adverse prognostic factor. This is best
shown by figures from population based cancer
registries such as the British National Registry
of Childhood Tumours. In the period 1971 to
1985, 548 children with spinal and brain
tumours under the age of 2 were registered,
accounting for 12% of all such tumours in
childhood.2 Five year survival rates were poor
at 20% for ependymoma and 13% for medul-
loblastoma. This compares with five year
survival rates for all patients of 64% and 53%
respectively.3 4 However, reports from various
single centres suggest that similar cure rates to
those obtained in older children can be
achieved in young children provided that the
same treatment is given.' 5 6 One explanation
for the poorer survival in young children may
be a reluctance to treat patients with full dose
radiotherapy. It is well recognised that the
major cause of collateral brain injury during
treatment for childhood brain tumours is
central nervous system (CNS) irradiation.78
The severity of subsequent neuropsychological
deficit is directly correlated with CNS dose
and younger age at treatment.
One way forward is to consider the role of

adjuvant chemotherapy, either to delay or to
avoid radiotherapy. This approach may
improve overall survival while minimising
treatment related brain injury. There is
increasing evidence that many types of brain
tumour are chemosensitive including medul-
loblastoma and other primitive neuroecto-
dermal tumours (PNET), astrocytomas, and
ependymomas.9-"1 In an attempt to improve
the prognosis of young children with brain
tumours, members ofthe UKCCSG piloted an
intensive chemotherapy regimen to be given
after surgery. The purpose of the study was to
assess the feasibility of giving the intensive
regimen in very young children and to
determine whether it was possible to delay
radiotherapy.

Methods
Any child under the age of 3 years with a
histologically proven malignant brain tumour
not previously treated with radiotherapy and
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Chemotherapy schedule: cycle repeated up to x 7

Day Day Day Day
0 14 28 42

Vincristine (1-5 mg/m2) * * *
Carboplatin (550 mg/m'2x 2) **
Methotrexate (8 g/m2) *
Cyclophosphamide (1500 mg/m2) *
Cisplatin (40 mg/m2x2) **

chemotherapy was eligible for the study.
Following surgery, patients were staged to
define the extent of the residual tumour. This
comprised either computed tomographic (CT)
scanning of the head and myelography, or
nuclear magnetic resonance (NMR) imaging
of the head and spine.
The chemotherapy schedule was designed to

incorporate agents of proven activity against a
range of CNS tumour types. The drugs were
scheduled so that myelosuppressive agents were
alternated with less myelosuppressive agents,
leading to the design of repeated pulses of
chemotherapy at 14 day intervals (table). This
schedule results in the least myelosuppressive
chemotherapy at a time of neutropenia and
thrombocytopenia. Treatment was to be given
on time unless life threatening complications
supervened. Centres were encouraged to treat
children on the chemotherapy schedule for a
period of one year unless relapse or progression
of the tumour occurred. Radiotherapy was
recommended either at the time of relapse or in
the case of biopsy proven residual disease at the
end of the chemotherapy schedule. Local irradi-
ation comprised a total dose of 50 Gy.
Craniospinal radiation was 25 Gy to children
under 3 years and 35 Gy to children over the
age of 3, given for tumours that are known to
metastasise within the neuroaxis.

All UKCCSG centres were surveyed and
patients treated on the protocol were notified to
one ofthe authors. In view ofthe intensity of the
protocol, the first 62 cycles of chemotherapy
were evaluated for the complications of treat-
ment and duration of hospital stay. Centres
were visited by one of the authors, the notes
inspected, and toxicity graded byWHO criteria.

Children treated on the study were followed
to time of radiotherapy, relapse or death

0-6 7-12 13-18 19-24 25-30 31-36 37-42 43-48 49-54

through the data monitoring service of the
UKCCSG.

Results
Twenty eight children were treated on this
study at a median age of 14-5 months (range: 1
to 33 months). The children presented the
spectrum of malignant tumours seen in the
very young child. These comprised 16 primi-
tive neuroectodermal tumours (including
medulloblastoma), five ependymomas, and
seven others. In the latter group there were
three children with choroid plexus carcinoma,
three with malignant astrocytoma, and one
meningeal sarcoma. There was an unusual dis-
tribution of primary sites in patients with a
diagnosis of primitive neuroectodermal
tumour (PNET), 39% of tumours occurring at
sites outside the posterior fossa. The majority
of children (75%) had an incomplete surgical
resection (that is, residual abnormality on
postoperative imaging suggestive of residual
disease), three of whom received only biopsy.
These were two patients with a PNET and one
with glioblastoma. Imaging of the craniospinal
axis revealed four patients with coexisting
metastatic disease within the neuraxis.
Each full cycle of chemotherapy was pro-

jected to take 56 days, with 10 of these days
spent in hospital for the chemotherapy to be
given. The median time to administer cycles
1-6 was 60, 60, 66, 55, 62, and 64 days respec-
tively. Most treatment cycles resulted in addi-
tional hospital admissions for complications of
the chemotherapy. The median time spent in
hospital for treatment related toxicity was 14
days and was largely attributable to infection
(94 episodes); 370/o of infective episodes were
due to a febrile neutropenia in which no organ-
ism was identified, and in 21% an organism
was cultured from serial blood samples. Three
episodes were associated with severe sepsis,
two with septic shock, and there was one infec-
tion related toxic death. Of particular note was
the fact that the majority of infections were
temporally related to the carboplatin induced
neutropenia at the beginning of each cycle.
Additionally, 14 treatment cycles were associ-
ated with significant haemorrhage, five with
WHO grade 3-4 neurotoxicity, and 11 with
WHO grade 3-4 pulmonary toxicity. Interest-
ingly, eight episodes of pulmonary toxicity
occurred in five patients with a pre-existing
bulbar palsy. Of the 28 patients treated on the
study, six died before radiotherapy could be
given. These included the patient who died
from sepsis and was shown to have persistent
tumour at necropsy. Irradiation was not given
to the remaining five patients either because of
young age (one patient) or rapid progression of
disease. Nineteen patients were eventually
irradiated, six to the original site of the primary
tumour and 13 with full craniospinal irradia-
tion. The median time interval from initial
surgery to radiotherapy was 12 months (range
1-5 to 27 months), resulting in a substantial
shift in the distribution of age at irradiation (fig
1). This is further illustrated by the difference
in the event-free and crude survival of this
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Figure 1 Black bars indicate the numbers ofpatients by age ofpresentation. Empty bars
show the numbers ofpatients by age of irradiation.
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A improved local control of disease, while neuro-
100 axis radiotherapy has prevented the emergence
90 of leptomeningeal metastases in tumours such
80 - as medulloblastoma.12 The dose of irradiation,
70 size of radiotherapy field, and age at radiother-
60 apy are all important determinants in the devel-
50 _ opment of collateral neuropsychological and
40 soft tissue damage. The defects that occur are
30 well described and include specific defects

g 20 such as disorders of behaviour, dysphasia,
X 10 dysgraphia, and spatial perception.13 The net
.2 00 result is a predicted loss in performance IQ of

0 1 2 3 4 5 6 25 points for patients treated with 35 Gy to the
B1> whole brain at 2 years of age.7 This is not an

00 absolute figure but part of a continuum, with
90 further loss occurring in younger individuals.

80 Other developing tissues are also affected and780 - \ include endocrine dysfunction secondary to
70 hypothalamic, pituitary, and thyroid irradia-
60 L tion, as well as a reduction in spinal growth.14 15
50 < These issues may influence decisions to treat

30 patients with malignant CNS neoplasms in the
20 first few years of life. In a British population20 based study spanning the years 1971-1985,

00 31% of children presenting under 2 years ofo 1 2 3 4 5 6 age with a CNS tumour died either without
Time (years) treatment or within one month of surgery.2

Figure 2 (A) Event-free survivalfor all patients in the Similar results have been reported from the
study, with 95% confidence limits (Kaplan-Meier USA, where young patients were found to die
method). (B) OveraUl survivalfor all patients in the study, early and without effective treatment. 16
with 95% confidence intervals (Kaplan-Meier method). In an attempt to improve the dismal progno-

sis for these children, various national groups
group of patients (fig 2A,B). The most infor- are attempting to use chemotherapy either to
mative curve is the crude survival (2B), as the delay or prevent CNS irradiation. One chal-
treatment strategy anticipates that a sizeable lenge is to define a chemotherapy schedule
proportion of patients will relapse or progress, with activity against a broad range of tumours.
but may be rescued by delayed radiotherapy. The majority of treatment regimens include
Fourteen patients (50%) are still alive at a platinum analogues, cyclophosphamide, and
median follow up of 35 months (range 26 to vincristine, which have been shown to have
62), ofwhom three are in continuous complete activity against astrocytomas, PNETs, and
remission without ever being irradiated at 27, ependymomas.17-20 A high dose infusion of
31, and 49 months from diagnosis (two with methotrexate was included in this schedule to
malignant astrocytoma and one PNET). improve its CNS penetration2l and resulted in
Overall survival is 35% at 4 years, but has wide the design of a novel schedule which rapidly
confidence intervals (10% to 60%). alternated myelosupressive drugs (carboplatin,
One group that warrants separate analysis cyclophosphamide) with less myelosuppressive

comprises the patients with PNET. These drugs (methotrexate, cisplatin). The rationale
patients require total CNS irradiation to con- of the schedule was to expose the tumour to
trol disease and are a group which would multiple agents with different modes of action
derive maximum benefit from an effective in an attempt to reduce the emergence of drug
chemotherapy strategy. This group includes resistance. Such a regimen was recognised to
patients with medulloblastoma (10 patients) be potentially toxic and so the main purpose of
and six others with supratentorial primary this study was to assess the feasibility of the
tumours. Three of these patients were identi- approach. As such, no attempt was made to
fied as having CNS metastatic disease at pre- ascertain the number of children within the
sentation. In 14 of these patients (88%) the United Kingdom eligible for study but treated
tumours either progressed or recurred, result- by other methods. The chemotherapy proved
ing in 12 patients being irradiated at between to be toxic, resulting in substantial need for
four and 23 months from diagnosis (median hospital admission for infection and haemor-
delay; 11 months). Eight patients remain alive, rhage, as well as one toxic death. Much of the
ofwhom one is alive at 31 months without ever toxicity was related to the carboplatin, with
having been irradiated. more acute toxicity occurring during the first

period of neutropenia and thrombocytopenia
of each treatment cycle. Additional problems

Discussion included the development of a severe respira-
Central nervous system tumours account for tory illnesses in a small number of patients.
between 20% and 25% of all childhood cancer Several drugs including methotrexate can
and are thus the second most frequent malig- cause or contribute to lung injury22 but this did
nancy of childhood.2 For the majority of not appear to be the case in this schedule,
children, irradiation of the primary tumour has as it was clear that there was an excess of
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respiratory illness in patients with a bulbar
palsy. It was felt that the recurrent respiratory
distress was contributed to by repeated aspira-
tion. Similarly, it was clear that neurotoxicity
occurred because of shunt malfunction or
progressive tumour, rather than drug related
events. In general it was felt that the
chemotherapy schedule was feasible, but
because of the incidence of life threatening
infection and haemorrhage following carbo-
platin it was recommended that future studies
be undertaken with a reduced dose of this
drug. These recommendations have been
incorporated into an international multicentre
study of the chemotherapy schedule for treat-
ment of very young children with brain
tumours administered by the International
Society for Paediatric Oncology (SIOP) and
the UKCCSG. The study opened in 1992 and
is still recruiting patients.
The pilot patients have been monitored con-

tinuously to indicate any problems that are
likely to emerge in the SIOP study. The small
size of the pilot study makes it impossible to
judge the efficacy of the treatment regimen.
However, a few conclusions can be drawn
which may aid in the development of future
treatment approaches. Firstly, it is clear that it
is possible to delay CNS radiotherapy for a
substantial number of patients. The pilot study
did not recommend routine irradiation at the
end of chemotherapy unless there was histo-
logically proven residual disease. This policy
resulted in a median delay of 12 months from
diagnosis to radiotherapy, allowing further
CNS maturation to take place. At one extreme
of outcome this has resulted in three patients
who have not yet been irradiated, including
one with a malignant astrocytoma in whom the
tumour was only biopsied, and one with
medulloblastoma who had residual disease at
the end of treatment. However, the majority of
patients eventually required irradiation to
control CNS disease, suggesting that this
chemotherapy schedule may be incapable of
eradicating residual tumour. The majority of
recent clinical protocols treating very young
children with brain tumours take this view and
incorporate guidelines for radiotherapy, at
either a specified age or a specified duration of
treatment.8 Less intensive chemotherapy is
usually continued until radiotherapy is given.
The current SIOP/UKCCSG study has con-
tinued with the philosophy developed in the
pilot study and does not recommend routine
irradiation at the end of chemotherapy in
patients with no evidence of active tumour.
This may be important, as the study enrols
patients with a wide variety of primary brain
tumours and in a larger cohort of patients it
may be possible to identify a group who will
benefit from chemotherapy alone. This issue is
being closely monitored.

Various small single institution studies have
suggested a role for preirradiation chemother-
apy in the management of the young child.23 24
These studies have not only been valuable in
indicating the validity of the treatment strategy
but have shown that a wide range of paediatric
brain tumours respond to chemotherapy. For

example, the largest and perhaps most suc-
cessful study of young children treated with
pulsed chemotherapy and delayed irradiation
has been run through the Paediatric Oncology
Group (POG). This was a large multicentre
study which enrolled 206 patients and pro-
duced an overall two year survival of 53%. 10
The study has also provided the best evidence
to date that ependymomas are chemosensi-
tive, recording a response rate of 48% to two
cycles of vincristine and cyclophosphamide.
Our pilot study indicates a similar two year
survival of 58%, but with wide confidence
intervals and with evidence of continuing
relapse. It will be necessary to await the out-
come of the larger SIOP/UKCCSG study to
define the efficacy of this treatment regimen
and make an effective comparison with other
treatment strategies.
Whatever the eventual outcome of the cur-

rent clinical trials the importance of studying
these very young children cannot be over-
stated. Population based studies show that
standard treatment approaches with neuro-
surgery and radiotherapy are rejected, while
institutional based studies repeatedly show a
poor quality of outcome. These issues are con-
centrating the minds of paediatric oncologists,
radiotherapists, and neurosurgeons to under-
take rapid evaluation of the role of chemother-
apy and to define an effective multidisciplinary
approach to brain tumour management. To
this end there is a wide range of phase I and II
studies within the United Kingdom to test
novel cytotoxics in childhood brain tumours. It
is likely that lessons learned in these patients
will affect the development of novel treatment
strategies for older children.
Our thanks to members of the UKCCSG for entering patients
into this study and to John Imeson, UKCCSG statistician, for
calculating survival curves. The UKCCSG is supported by the
Cancer Research Campaign.
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Amoebic liver abscess

Should you happen to have Entamoeba histolytica in your bowel
you would have that in common with one tenth of the people
on this planet. (People on other planets rarely influence such
statistics.) It is said that about 10% of those with symptomatic
intestinal amoebiasis develop a liver abscess but children are
affected less commonly than adults.
A report from Karachi, Pakistan, in the Paediatric Infectious

Disease Journal in 1993 described 24 children with amoebic liver
abscesses and now 32 children have been reported from Mexico
(Giovanni Porras-Ramirez and colleagues, Journal of Pediatric
Surgery 1995; 30: 662-4).

Between 1975 and 1993, 20 boys and 12 girls aged 10 months
to 12 years presented to hospital in La Paz with fever,
hepatomegaly, and right upper quadrant abdominal pain and
were found to have single or multiple liver abscesses. Liver ultra-
sound showed cystic lesions with posterior sonographic
enhancement and x ray films showed non-specific findings such
as elevation of the right hemidiaphragm with pleural effusion.
Serological testing for E histolytica was positive in 30 cases.

Medical treatment was with dehydroemetine and metronida-
zole. In 17 children the abscess remained confined to the liver.
Percutaneous needle aspiration of an abscess was performed in
nine of the 17 for one of three reasons; failure to respond to
medical treatment, a large (6 cm or more) abscess in an ill
patient, or predicted abscess rupture. An abscess was considered
about to rupture when either there was erythema, swelling, and
tenderness over a localised area of liver or ultrasound showed a
thin walled cyst near to the liver surface. All nine of these
patients did well.

Rupture of the abscess occurred in 15 cases: into the pleura in
11, the peritoneum in three, and the pericardium in one.
Rupture into the pleura was treated with a chest drain, into the
peritoneum with laparotomy, lavage, and drainage, and into the
pericardium by pericardiotomy and later partial pericardiec-
tomy. One child with an abscess rupturing into the pleural cavity
died. All 31 survivors did well with no recurrence.

Small amoebic liver abscesses usually respond well to medical
treatment. Those which don't, large ones, and those about to
rupture, need aspirating.
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