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Abstract Background: Cerebellar low-grade astrocyto-
mas (CLGAs) of childhood are benign tumours and are
usually curable by surgical resection alone or combined
with adjuvant radiotherapy. Objective: To undertake a
retrospective study of our children with CLGA to
determine the optimum schedule for surveillance imag-
ing following initial surgery. In this report we describe
the phenomenon of spontaneous regression of residual
tumour and discuss its prognostic significance regarding
future imaging. Materials and methods: A retrospective
review was conducted of children treated for histologi-
cally proven CLGA at Great Ormond Street Hospital
from 1988 to 1998. Results: Of 83 children with CLGA
identified, 13 (15.7%) had incomplete resections. Two
children with large residual tumours associated with
persistent symptoms underwent additional treatment.
Eleven children were followed by surveillance imaging
alone for a mean of 6.83 years (range 2–13.25 years).
Spontaneous tumour regression was seen in 5 (45.5%) of
the 11 children. There were no differences in age, gender,
symptomatology, histological grade or Ki-67 fractions
between those with spontaneous tumour regression and
those with progression. There was a non-significant
trend that larger volume residual tumours progressed.
Conclusions: Residual tumour followed by surveillance
imaging may either regress or progress. For children

with residual disease we recommend surveillance imag-
ing every 6 months for the first 2 years, every year for
years 3, 4 and 5, then every second year if residual tu-
mour is still present 5 years after initial surgery. This
would detect not only progressive or recurrent disease,
but also spontaneous regression which can occur later
than disease progression.
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Introduction

Cerebellar low-grade astrocytoma (CLGA) is the most
common childhood brain tumour and accounts for
approximately 40% of paediatric posterior fossa tu-
mours. It is the second most common posterior fossa
tumour after medulloblastoma. The majority of CLGAs
are classified by the World Health Organisation as grade
I pilocytic or grade II fibrillary astrocytomas. They have
been considered benign tumours since their original
description by Cushing in 1931 [1], and they are asso-
ciated with good outcomes for both survival and func-
tion. In the modern era, studies have shown long-term
survival in more than 90% of patients [2–4]. Complete
surgical resection at first operation, low histological
grade, location of tumour outside the brainstem and
shorter intraoperative time have all been associated with
improved survival [2, 3, 5–7].

We have previously demonstrated that complete
resection of medulloblastoma and ependymoma corre-
lates with improved outcome [8, 9], but the evidence for
a better prognosis with complete resection for CLGAs is
not established [4, 10–13]. This is due to the paradoxical
observation that long-term survival has been observed in
a higher proportion of children than might be expected if
a complete surgical resection (as judged by either the
surgical or the postoperative radiological assessments)
was the sole guarantor of cure. Indeed incomplete
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resection rates of between 11.3% and 35% have been
reported [2, 3, 6]. We suggest that it is the phenomenon
of postoperative regression occurring without further
adjuvant treatment which accounts for this apparent
‘‘mismatch’’.

Individual cases of spontaneous regression of
incompletely resected CLGAs have been observed in
some published series [2, 6, 10, 13, 14], but the biological
behaviour of the residual tumour remains unclear and
the optimum treatment for postoperative residual tu-
mour has yet to be established. The aim of this study was
to investigate in more detail the phenomenon of spon-
taneous regression of residual tumour and to determine
its significance particularly with regard to prognosis and
the future (surveillance) imaging of this group.

Materials and methods

Patient selection

Clinical details of all children with histologically proven
CLGA, diagnosed and treated at Great Ormond Street
Hospital between January 1988 and September 1998 (in
order to allow a minimum follow-up period of 5 years)
were obtained from the Department of Neurosurgery
operative and oncology databases. The age at diagnosis,
gender, histology, date of first resection and extent of
tumour clearance, and tumour progression/regression
were taken from the department of radiology informa-
tion systems, neurosurgery database and patients’ clini-
cal records. The available imaging and radiology reports
of all patients were reviewed by a paediatric neuroradi-
ologist (D.S.) and those children with residual postop-
erative tumour were identified. The neuroimaging of
those children with incomplete resection were re-re-
viewed by two paediatric neuroradiologists (R.G. and
D.S.).

Histopathological criteria

The histopathology for the patients with residual tu-
mour after the initial surgical resection was reviewed
by a specialist paediatric neuropathologist (B.H.).
Tumours were classified as pilocytic or fibrillary
astrocytomas. Pilocytic tumours were classified
according to the World Health Organisation classifi-
cation of pilocytic astrocytoma occurring in children
and young adults and histologically characterized by a
biphasic pattern of variable proportions of compacted
bipolar cells with Rosenthal fibres and multipolar cells
with microcysts and granular bodies. Fibrillary or
diffuse tumours had a uniform and densely compacted
cellular organization with mild-to-moderate degrees of
nuclear hyperchromatism and atypia [15]. The
percentages of nuclei stained for Ki-67 monoclonal
antibody levels were measured for all incompletely
resected tumours.

Imaging

Patients were managed according to standard oncology
protocols. The preoperative MRI (Magnetom, Vision
and Symphony, Siemens, Erlangen, Germany) protocol
for the brain included axial T2-weighted (T2-W), coro-
nal precontrast T1-weighted (T1-W), three-plane post-
contrast T1-W fast spin-echo images and coronal
FLAIR images. Although our current oncology proto-
col includes an immediate postoperative MRI performed
within 48 h, all children with residual tumour in this
series were scanned before this era, and we therefore
chose the scan performed at 3–6 months postoperatively
for our assessment of the presence or absence of tumour,
comparing it with the preoperative scan in order to
avoid misinterpretation of postsurgical enhancement as
residual tumour. Surveillance imaging commenced at 3–
6 months postoperatively and was repeated 3- to 6-
monthly for the first year, and then yearly or 2-yearly
thereafter for at least 5 years.

Approximate of tumour volumes were calculated
using the formula 4/3pr3 on the assumption of approx-
imately spherical geometry, where r is the mean of the
sum of the AP, craniocaudal and right-to-left diameters
of the lesion, measured to within 0.1 cm by reference to
the scale on the printed film. Interval change in tumour
volume was also rated visually on a separate occasion by
a neuroradiologist (R.G.).

Definition of terms

Complete tumour excision was defined as the absence of
residual tumour on postoperative MRI regardless of the
surgeon’s assessment of extent of resection. Radiologi-
cally, an incomplete resection was defined as the pres-
ence of a residual contrast-enhancing mass or nodule on
the earliest postoperative imaging and which correlated
with tumour seen on the original scan. Linear
enhancement at the resection margins, which may be
seen immediately postoperatively on a scan performed
under the same general anaesthetic and may persist for
several years following surgery, was not considered to
represent residual disease. Tumour progression was de-
fined as an increase in tumour volume observed on serial
scans and spontaneous regression was defined as a
reduction in tumour volume in the absence of further
surgery or adjuvant radiotherapy. Surveillance imaging
was defined as scans carried out on a routine basis for
the detection of recurrent or residual disease in the ab-
sence of new symptoms or signs.

Results

In total, 86 children were treated for CLGA between
January 1988 and September 1998. Of these, three re-
turned to their home countries following surgery, leav-
ing a cohort of 83 patients who had long-term follow-up
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at our hospital. All 83 children survived a mean follow-
up period of 6 years 10 months. Their mean age was
5.5 years (range 16 months to 15 years). None of the
children within the cohort had neurofibromatosis 1
(NF1) and none had evidence of craniospinal metastasis
at presentation. Further clinical and radiological details
and surveillance imaging strategies for the overall cohort
are discussed elsewhere [12].

Of the 83 children, 13 (15.5%) were judged to have
had an incomplete resection because of the presence of
MRI-visible residual disease on the scan performed
3 months or so following their surgery, and 12 were also
deemed to have had an incomplete resection according
to the neurosurgeon’s observations. Two children had
such large residual tumour volumes associated with
persistent symptoms that they received further early
radiotherapy. The remaining 11 children with known
residual disease were managed initially with a policy of
surveillance imaging for a mean of 6 years 10 months
(range 2–13 years 3 months).

Spontaneous tumour regression was observed in 5
(45.5%) of these 11 children at 7, 16, 29, 45 and
50 months postoperatively (Fig. 1) with a mean of
32 months. Further surveillance imaging was then
stopped for two children (one at 14 months and the
other at 5 years) and continued for a maximum period
of 5 years 11 months for the remaining three. In one of
the remaining six children, the postoperative residual
tumour was observed to be stable at 14 months after the
original resection. In the other five children, tumour
progression was observed on subsequent surveillance
scans at 7, 9, 12, 13 and 20 months, respectively, at
which point they were treated with either further surgery
(n=1), adjuvant radiotherapy (n=1) or a combination
of both (n=3). None of the tumours which spontane-
ously regressed has shown evidence of subsequent

progression, either clinical or radiological, over a period
of up to 12 years since their initial surgery.

There were no differences in age, numbers of children
under 3 years or gender between the two groups (Ta-
ble 1). Most patients were asymptomatic with the
exception of one child with small volume residual dis-
ease (which later regressed spontaneously) who devel-
oped persistent postoperative headaches. The majority
of tumours within the overall cohort (80 of 83) and most
of the incompletely resected tumours under surveillance
(10 of 11) were grade I pilocytic astrocytomas. One of
the incomplete resections which later progressed was a
diffuse fibrillary tumour. The Ki-67 fraction was <2%
in all cases and did not predict residual tumour pro-
gression. There was an association of subsequent pro-
gression of residual disease with a larger postoperative
tumour volume compared to tumours that were stable or
regressed (Table 2), although with the small numbers
involved statistical comparisons were not possible.

Discussion

The most important finding in this study was that fol-
lowing an incomplete resection of residual CLGA in
childhood, 5 of 11 residual tumours kept under surveil-
lance underwent spontaneous regression. This observa-
tion is consistent with two previous studies [2, 6] and
supports the value of surveillance imaging in this group of
children as opposed to exposing them to the risks of fur-
ther treatment, whether surgical or adjuvant radiotherapy.

Due-Tonnessen et al. [2] looked at a cohort of 82
patients with CLGA (very similar to our own) and found
spontaneous regression of residual postoperative tumour
in 9 of 16 patients (56%). Although most of the residual
tumours were documented by the operating surgeon, this

Fig. 1 A child aged 16 months at the time of diagnosis. Residual
CLGA in the right cerebellar hemisphere (volume approximately
2 cm3) on (a) coronal and (b) sagittal post-contrast T1-W images

obtained 12 weeks after surgery. The residual disease was smaller
on a scan at 50 months and had completely regressed on the next
scan (c) performed at 87 months
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is comparable with our findings of a spontaneous
regression rate of 45.5% for residual tumours assessed by
MRI. It is not clear whether some of their ‘‘true recur-
rent’’ tumours (5 of 79 patients with ‘‘total resections’’)
may in fact have represented regrowth of residual tumour
as little reference is made to the timing of early postop-
erative imaging. Despite the high incidence of spontane-
ous regression, the authors suggest that a second
operation should be performed unless there is a high risk
of surgical morbidity/mortality.

Smoots et al. [6] described spontaneous tumour
regression in 4 (24%) of 17 patients with residual disease
at a mean of 21 months (range 3–49 months) confirmed
and followed-up on surveillance CT or MRI imaging. In
9 (53%) of the 17 patients with residual tumour on
postoperative imaging the residual tumour continued to
progress. They found that residual tumours with a
smaller postoperative volume had a reduced risk of
progression and a non-significant trend for smaller le-
sions to regress spontaneously was noted. We concur
with their findings, but the small numbers involved do
not allow valid statistical comparisons.

The main difficulty of this work and work by others
[2, 6] is that we relied on imaging alone, and not his-
tology, to determine the presence of postoperative tu-
mour residuum. However, we believe that we were
looking at spontaneous regression of residual tumour
and not resolution of postoperative enhancement for a
number of reasons. Firstly, the ‘‘tissue’’ subsequently
progressed in just under 50% of the children implying
that the postoperative imaging had certainly demon-
strated residual tumour in these cases. Secondly, we
made a careful assessment of the residual ‘‘tissue’’ using
preoperative imaging for comparison. We believe that
we were dealing with postoperative MRI-visible residual
tumour and not postoperative enhancement when there

was focal nodular or mass-like enhancement at the site
of the original tumour. Surgically induced postoperative
enhancement is usually thin and linear, typically occur-
ring 3–5 days after surgery [16] and may occur earlier
[17] or even intraoperatively [18] (as we have also ob-
served under the same general anaesthetic) due to dis-
ruption of the blood–brain barrier and later to
neovascularization. Nodular enhancement, however, has
been shown to mimic tumour and also typically develops
3–5 days after surgery [19] (hence the rationale for
completing all immediate postoperative imaging within
48–72 h as recommended by the UKCCSG) [20], al-
though this may also be seen as a transient intraopera-
tive phenomenon particularly in the presence of repeated
electrocoagulation [18]. We used the postoperative scan
at 3 months to determine the extent of residual tumour
because by then any surgically induced nodular
enhancement can be expected to have resolved [21], and
we made careful comparison with the preoperative scan
in order to confirm there was tumour previously at that
site. Thirdly, our incomplete resection rate of 15.5% of
childhood CLGA is at the low end of the published data
of incomplete resection rates which range from 11.3% to
35% [2, 3, 6], which suggests that we were not over-
diagnosing postoperative residual tumour. In our larger
cohort of 84 patients there was a 96% concordance
(95% confidence interval 89–99%) of the reporting of
the presence or absence of postoperative tumour when
compared with the surgeon’s operative report [12].

We did not find statistically significant independent
variables (symptomatology, age, gender, histological
grade or the Ki-67 fraction) as predictors of spontane-
ous regression. Although for the small numbers involved
valid statistical comparisons could not be made, tumour
progression was observed more commonly for those
with larger volumes of residual disease and did not occur
in children with residual tumour volumes below 10 cm3.
It has been suggested that the Ki-67 monoclonal anti-
body fraction, a labelling index for neuronal prolifera-
tion, might predict the biological behaviour of
postoperative residual tumours with a higher index
correlating with tumours that later progressed. Studies
of adult patients with all grades of astrocytic tumour
found Ki-67 to be of some prognostic significance
independent of tumour grade [22–25], while one large
study of 96 patients with supratentorial fibrillary astro-

Table 1 Clinical characteristics
of 11 children with incomplete
resection of cerebellar low
grade pilocytic astrocytoma at
presentation who underwent
surveillance imaging

Characteristics Tumour
regression/stabilization

Tumour
progression

No. of patients 6 5
Age at diagnosis (years)
Mean 3.79 3.12
Range 2.5–7.1 1.5–4.83
Age under 3 years 3 3
Sex (M:F) 4:2 4:1
Histological findings
Grade 1 pilocytic astrocytoma 6 4
Grade 2 fibrillary astrocytoma 0 1

Table 2 Comparison of residual postoperative tumour volume in
those who spontaneously regressed/stabilized vs those who pro-
gressed (n/a serial scans were not available for assessment in two
patients)

Outcome of residual
disease

Residual tumour
volume (cm3)

Regression or stable disease 8.8, 6.0, 2.0, 2.0, 2.0, 2.0
Progression 43.2, 10.0, 16.8, n/a, n/a
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cytomas did not find Ki-67 helpful in predicting survival
or response to radiotherapy [26]. In children with low-
grade optic pathway gliomas, the proliferative labelling
index did not predict progression-free survival and
overall survival [27] while in one study of 39 pilocytic
astrocytomas there was a non-significant trend that a
negative proliferative index was associated with fewer
progressions of residual tumour [28]. As expected, the
majority of the residual tumours in our study were pil-
ocytic astrocytomas and differences in Ki-67 did not
determine subsequent tumour behaviour. The numbers
of children with fibrillary astrocytomas in our cohort
were too small to analyse.

Spontaneous involution of other types of low-grade
astrocytoma is well-recognized in children with NF1,
both for optic pathway gliomas and at other intrace-
rebral sites [29–33]. There are descriptions of individ-
ual cases of low-grade astrocytoma regression in
children and young adults without NF1 [30, 33, 34].
For optic pathway gliomas this phenomenon was first
described by Hudson in 1912, an observation which
later generated discussion as to whether they repre-
sented tumours or were in fact hamartomatous lesions.
Neither the mechanisms of spontaneous tumour
regression nor of spontaneous involution of residual
tumour following surgery are known. Although pro-
grammed cell death or apoptosis may be the common
denominator, possible mechanisms include immuno-
logical, genetic and biological factors. However, in
some settings and for some tumours, for example
neuroblastomas and squamous cell carcinomas, apop-
tosis is not a prerequisite.

Terminal differentiation, in association with inflam-
mation or apoptosis, whereby terminally differentiated
cells are no longer capable of cell division and are
therefore mortal, is another potential mechanism for
spontaneous regression. Immunological mechanisms
including cell-mediated and humoral responses to tu-
mour-associated antigens can trigger apoptosis resulting
in spontaneous regression. The observation that auto-
immune manifestations may occur concurrently with
spontaneous tumour regression provides additional
evidence of an immune-mediated phenomenon. Failure
of angiogenesis resulting in vascular compromise, and
genomic instability, for example telomerase inhibition,
are other possible causes and all offer potential targets
for treatment [35, 36]. The possible effects of surgery on
the residual low-grade astrocytoma are also speculative
and explanations ranging from impaired vascular supply
to reduced concentrations of autocrine growth factors,
ultimately reducing the proliferative potential of residual
tumour have been proposed [6, 13].

Treatment and imaging recommendations for children
with residual tumour following their initial surgery

Spontaneous tumour regression includes cases in which
the disease is not necessarily cured but remains dormant

and may recur, as well as those in which regression is
complete (Table 3). Although none of the residual tu-
mours that spontaneously regressed in our cohort had
subsequently recurred at the time of this report, it re-
mains uncertain whether the tumour had entirely dis-
appeared and as the long-term outcome of these patients
is not yet known it would be prudent to keep them under
surveillance.

A ‘‘watch and wait’’ policy (surveillance imaging)
which would detect those that either regress spontane-
ously or progress is in our experience to be recom-
mended for those children with residual disease who do
not have symptoms due to that residual disease (for
whom further surgery with or without adjuvant therapy
should be considered). Spontaneous regression was
observed at the earliest at 7 months and at the latest at
4 years 2 months, while progression of residual tumour
occurred within 2 years of initial surgery in all five
children and was detected at the earliest at 7 months.
In addition to the early postoperative scan performed
at 24–48 h after surgery, we recommend surveillance
imaging at 6-monthly intervals for the first year. Six-
monthly intervals for the subsequent 2 years would
detect those with late tumour progression and yearly
for a further 2 years would reliably detect those chil-
dren in whom late spontaneous regression occurs. We
believe that if residual tumour is still seen on an MRI
performed at 5 years following initial surgery then
continuing surveillance imaging at 2-yearly intervals
after that would be prudent, bearing in mind the
paucity of information on the long-term prognosis of
this group of patients. This regimen is in contrast to
our recommendation for scanning at 6 months then 1,
2, 3.5 and 5 years for children following complete
excision [12].

In conclusion, residual tumour after initial surgical
resection for which a ‘‘watch and wait’’ policy (sur-
veillance imaging) is followed may either regress or
progress. We recommend surveillance imaging at 6-
monthly intervals for the first 2 years for all children
with known residual disease. Scanning should then be
continued at 3, 4 and 5 years after initial surgery, then
every second year if residual tumour is still present at
5 years after surgery. This regimen would detect not
only those children with progressive or recurrent dis-
ease, but also those with spontaneous regression, a
phenomenon which can occur later than disease
progression.

Table 3 Treatment and imaging recommendations for children
with residual tumour following their initial surgery

Post-operative MR imaging Timing

First study 24–48 h
1st–3rd year 6-monthly
4th–5th year Annually
Subsequent years Every 2 years
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