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Abstract
Objectives Paediatric cerebellar pilocytic astrocytomas (PA) (WHO grade 1) are amongst the most common of childhood brain
tumours and are generally amenable to resection, with surgery alone being curative in the majority of cases. There is, however, a
lack of consensus regarding the frequency and duration of post-treatment MRI surveillance for these tumours. This is important,
as follow-up imaging is a significant use of resources and often associated with patient and family anxiety. We have assessed the
utility of MRI surveillance in the detection of cerebellar PA recurrence at our regional paediatric neurosurgical centre.
Materials and methods The tumour register at Alder Hey Children’s Hospital was searched to identify all patients diagnosed
between 2007 and 2017, with a confirmed histopathological diagnosis of cerebellar PA. Patient demographics, surgical outcome,
number of MRI scans and length of follow-up were recorded for each patient.
Results Forty patients met the inclusion criteria. The mean age at diagnosis was 7.8 years (range 2 to 17 years). Complete surgical
resection (CR), confirmed by post-operative MRI, was achieved in 36 of the 40 patients, including all 31 cases from 2009 and
later for which intraoperative MRI (iMRI) was utilised. There was one case of recurrence after CR (at 2.2 years) out of the 36
cases, whereas all 4 patients with initial partial resections had progressive growth of their tumours and required second surgical
interventions.
Conclusion This series confirms the very low likelihood of recurrence for completely resected cerebellar PAs and suggests that in
such cases the duration and frequency of surveillance imaging could be limited to a maximum of 2.5 to 3 years of follow-up
imaging. This report also indicates improved complete resection rates over time, probably associated with technical advances
including the routine in-house use of iMRI in 2009.

Keywords Pilocytic astrocytomas . Surveillance imaging . Tumours

Introduction

During childhood, low-grade gliomas (LGG) are the most
common tumours of the central nervous system (CNS). Such
tumours occur throughout the CNS, with those of the cerebel-
lar hemispheres and optic pathways being the most common.

A number of histological sub-types exist, of which pilocytic
astrocytomas (PAs) (WHO grade I) are the majority, with peak
incidence occurring between the ages of 5 and 9 years [1].
Tumorigenesis of this group of cancers is commonly
characterised by activated BRAF protein kinase mutations
and the hallmark duplication of the 7q34 locus, which typifies
this low-grade disease [2]. Although complete surgical resec-
tion of the cerebellar examples without chemotherapy or ra-
diotherapy remains the standard treatment, further develop-
ment in the understanding of the underlying disease biology
may soon herald the development and introduction of more
targeted oncogenetic therapies.

Surgery is the mainstay of treatment for cerebellar LGG.
Complete surgical resection (CR), confirmed in post-operative
magnetic resonance images (MRI), is achievable in the major-
ity of cases, following which the likelihood of disease reoc-
currence is extremely low. This finding is consistently
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reported from both single institution [3–5] and group-wide [6,
7] reports, with figures suggestive that over 90% of patients
remain disease free 10 years from diagnosis following com-
plete tumour excision. With regard to surveillance imaging to
detect relapse, the timely recognition of subclinical progres-
sion is said to help ensure safer further reoperation and ulti-
mately result in improved neurosurgical outcomes and possi-
ble survival than if treatment was commenced once signs and
symptoms suggestive of relapse were present [8]. In some
cases, for example where there is local invasion of adjacent
vital structures such as the brain stem, surgery may be chal-
lenging and partial resection to prevent significant morbidity
is appropriate [9].

A period of post-operative MRI surveillance imaging is
thus considered a standard of care; however, the optimal fre-
quency and length of follow-up remains a salient and some-
what controversial topic [10]. There are very few studies that
have addressed this issue, as reflected in a recent systematic
review undertaken in the UK by the CRUKClinical Trials unit
[11]. A pilot study at our tertiary neuro-oncology centre, per-
formed between 1988 and 2007 (unpublished data), found no
evidence of relapse in 37 patients with cerebellar LGG who
underwent complete surgical resection. As a result of these
findings, duration of follow-up was reduced from 5 to
2.5 years within our department. The aim of this study was
therefore to replicate this evaluation of the utility of MRI
surveillance imaging in the detection of paediatric LGG recur-
rence, as validation of this decision and to assess if any addi-
tional change should be made to the current protocol.

Methods

To identify suitable patients, the cancer register at Alder Hey
Children’s NHS Foundation Trust was searched. The register
documents all patients with a tumour diagnosis that have received
care within the centre. Cases were selected from 2007 onwards to
prevent overlap with the previous pilot study referred to above
and to assess how the change in the cerebellar low-grade glioma
tumour surveillance protocol has affected current practice.

Patients with a histopathologically confirmed diagnosis of cer-
ebellar PAwere selected from the database. Histological diagno-
ses such as oligodendroglioma, pilomyxoid astrocytoma and
mixed glial–neuronal tumours were excluded from this series.
Patients were included in the analysis if they had undergone sur-
gical resection for treatment of their disease at our centre.

For each patient, the dates of any related surgical excision,
intraoperative or post-operative MRI scans were recorded.
The length of follow-up between the date last seen by the
neuro-oncology team and the date of the first surgery could
then be calculated. Progression or disease relapse was defined
radiologically, and medical notes were consulted to give con-
text to the findings. In patients with a partially resected

tumour, if there was progression of disease, time to progres-
sion was recorded. In the one patient with evidence of relapse
following CR, transition had been made to an adult service,
and this centre was contacted to assess if the patient was stable
or if there was evidence of active disease on neuroimaging.

Results

Patient demographics and tumour characteristics

Forty patients fulfilled the inclusion criteria of this study. Of
these 40 cases, 23 (57.5%) were male and 17 (42.5%) were
female. The mean age at diagnosis was 7.8 years (range 2 to
17 years). The broad anatomical location of the lesions within
the posterior fossa was recorded for each case. The majority of
tumours were recorded as arising laterally within the cerebel-
lar hemispheres (n = 25) with a further 15 cases developing in
the midline.

Initial surgery and follow-up

The majority (36) of patients underwent complete surgical
excision at the time of the first surgery, a finding that was
confirmed radiologically with MRI during the intraoperative
or immediate post-operative period. The remaining 4 (10%)
cases, however, were deemed to have evidence of residual
disease in scans and were therefore classified as partial
resections.

In the 36 patients with a surgical CR, 29 patients have had
MRI surveillance for at least 2.5 years and 7, all more recent
cases, less than this period. Overall, during the surveillance
period following surgery, patients underwent an average of
6.5 MRI scans. The mean length of follow-up from the date
of the first surgery until the date last seen in clinic was
4.0 years (range 0.8 to 10.5 years) and the mean duration of
surveillance imaging was 3.05 years (range 0.8 to 5.6 years).

Intraoperative MRI (iMRI) was introduced in December
2009. For this series, 31 of 40 patients underwent iMRI and
in all cases complete resection was obtained (Fig. 1). The 4
cases with partial resection occurred in the group of 9 patients
who did not undergo iMRI.

All 40 patients included in this study were alive at the time
of data collection.

Completely resected tumours

Of the 36 cases in which total excision of tumour was
achieved, to date, only one patient developed recurrent tu-
mour. In this particular case, relapse was manifest as a 2-mm
nodule occurring 2.2 years following surgery. Due to the size
of the lesion and lack of any symptomatology, no further
re-resection has been undertaken or adjuvant therapy initiated
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at the time of this report. The patient is currently under sur-
veillance by an adult service.

Partially resected tumours

In the 4 patients with partially resected tumours, all required
further surgery for progression of residual disease (Fig. 2). In
all 4 cases, disease progression occurred within the first

12 months following initial surgery, the mean time to progres-
sion being 5.4 months. In those that required a second surgery,
only one of these patients had an element of residual disease
following re-resection. The most recent imaging suggests dis-
ease is stable in this patient at present. All incidences of pro-
gressive disease were diagnosed from surveillance imaging.

Discussion

It is clear from the above data that complete surgical resection
of cerebellar pilocytic astrocytoma is curative in the vast ma-
jority of paediatric patients, a finding consistent with previous
reports from single institutions [3–5]. Shaw and Wishoff
summarised the results from five clinical trials (adults and
children) for low-grade glioma and showed a greater than
95% progression-free survival (PFS) in the 338 patients hav-
ing a complete resection out of a total of 518 cases but with
significantly lesser PFS in those with residual disease [6].
Similarly, Wishoff et al. presented the results of a large obser-
vational study of paediatric low-grade glioma and reported a
95% 8-year PFS for completely resected cortical pilocytic
astrocytomas compared with 58% for less than completely
resected tumours [7]. The incidence of relapse within the pres-
ent series is consistent with such data, with one confirmed
case out of 36 CR patients. This data also matches those from
other studies examining the utility of post-operative surveil-
lance imaging [8, 12]. Vassilyadi et al. also suggest that the
low likelihood of reoccurrence so often seen may render in-
tensive surveillance imaging obsolete in this sub-set of pa-
tients, as does the study by Alford et al. [10, 13]. The current
protocol at our centre for CR patients suggests scans are per-
formed at 6, 18 and 30 months. The fact that many centre
surveillance scans are performed more frequently and for a
longer time after surgery may reflect an opinion that the inci-
dence of relapse after CR is higher than described in the liter-
ature and that more aggressive surveillance is prudent [12,
14–16].

It should be noted that all of the surgeries that resulted in
partial tumour resection occurred prior to 2010. It may be that
the likelihood of complete excision is now increased possibly
due to the advent of intraoperativeMRI, which commenced at
our centre in October 2009. All surgeries that occurred from
this point onwards have resulted in total tumour excision. As
well as the introduction of this service, refinement of surgical
techniques and the level of experience gained by the involved
surgeons over time may also be a contributing factor to attain-
ment of complete resection.

In the patients in whom progression of residual disease was
identified, time to progression was < 12 months following
initial surgery in all cases. This is also seen in a number of
reports that highlight the importance of the first year of follow-
up in subtotal resections [8, 10, 13]. Where there is a lesser

Fig. 1 Pre-operative T1-weighted post-contrast image in the sagittal
plane (a) shows a complex solid/multicystic posterior fossa pilocytic
astrocytoma in a 10-year-old boy with evidence of heterogenous
enhancement. T1-weighted post-contrast image on intraoperative MRI
scan (b) demonstrates complete resection of the tumour. The open
occipital craniotomy site is noted posteriorly (white arrow)
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need for intensive surveillance in completely resected tu-
mours, there is certainly an argument that can be made for a
greater degree of vigilance in partially resected lesions. The
frequency and length of such a surveillance regime requires
further study but at present should perhaps be treated on a
case-by-case basis.

The aim of this report was to describe one institution’s
experience of the utility of surveillance imaging following a
change in our local protocol. As such, the sample size of
patients is relatively small as only the cases from this centre
have been included. In addition, the patient follow-up is rela-
tively short. Collaboration with other groups may lead to more
robust data in the future.

Overall, it is evident the changes made to surveillance im-
aging of cerebellar LGG at this centre in 2007 were appropri-
ate. Thus, based on our findings, this study endorses a limited
surveillance imaging protocol for completely resected cerebel-
lar LGG, with post-op scans at 6, 18 and 30 months and then
stopping.

Reducing the number of MRIs performed has benefits for
both the patient and family alike by preventing unnecessary
stress and anaesthesia (if required) as well as having financial
implications that would allow for reallocation of resources.
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