Surveillance imaging of grade 1 astrocytomas in children: can duration and
frequency of follow-up imaging and the use of contrast agents be reduced?

Abstract

Purpose: The optimum strategy for the surveillance of low-grade gliomas in
children has not been established, and there is concern about the use of
gadolinium-based contrast agents (GBCAs), particularly in children, due to their
deposition in the brain. The number of surveillance scans and the use of GBCAs
in surveillance of low-risk tumours should ideally be limited.

We aimed to investigate the consistency and utility of our surveillance imaging
and also determine to what extent the use of GBCAs contributed to decisions to
escalate treatment in children with grade 1 astrocytomas.

Methods: This was a retrospective single centre study at a tertiary paediatric
hospital. All children with a new diagnosis of a non-syndromic World Health
Organisation (WHO) grade 1 astrocytoma between 2007 and 2013 were
included, with surveillance imaging up to December 2018 included in analysis.
The intervals of surveillance imaging were recorded, and imaging and electronic
health records were examined for decisions related to treatment escalation.

Results: 88 patients had 690 surveillance scans in the study period. 31 patients
had recurrence or progression leading to treatment escalation, 30 of whom were
identified on surveillance imaging. The use of GBCAs did not appear to
contribute to multidisciplinary team (MDT) decisions in the majority of cases.

Discussion: Surveillance imaging could be reduced in number and duration for
completely resected cerebellar tumours. MDT decisions were rarely made on the
basis of post-contrast imaging, and GBCA administration could therefore
potentially be restricted in the setting of surveillance of grade 1 astrocytomas in
children.
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Introduction

Surveillance imaging in children with low grade brain tumours, who can
comprise up to 40% of all children with brain tumours, presents an important
clinical dilemma, and one for which there are not currently any published
guidelines derived from high quality evidence. It has been demonstrated that
recurrence or progression of low grade pediatric brain tumours can occur in the
absence of clinical symptoms [1], necessitating regular scheduled imaging
follow-up to permit a prompt treatment intervention given the superior surgical
resection potential and subsequent survival benefit in early relapse or
progression. However, surveillance imaging is not without cost for all involved,
particularly for young children where repeat magnetic resonance imaging (MRI)
can be distressing or involve sedation or anaesthesia with their own inherent
risks, and in the current climate with the COVID-19 pandemic, additional



hospital attendances should be minimised where possible. This is in addition to
the cost of anxiety for the family surrounding every scan performed and the time
and workload burden for clinicians. The evidence available in the literature to
date is limited and does not convincingly support any particular surveillance
strategy [2], and as such there is no consensus approach as to the frequency or
duration of surveillance imaging; resulting in a lack of heterogeneous practice
even within hospitals, let alone nations. This is not satisfactory patient care.

Furthermore, there has been recent concern over the deposition of gadolinium in
the brain following repeated administration of gadolinium-based contrast agents
[3]- This has been demonstrated on both imaging and post-mortem examination
in children [4] and although no harm has yet been demonstrated as a result, this
requires consideration as a potential risk when planning surveillance imaging;
particularly as, given the generally favourable prognosis of these tumours,
toxicity from treatment and by implication surveillance should be minimised [5].
Clearly, however, this must be balanced against the currently greater risk of
delayed diagnosis of progressive or recurrent disease.

In this single centre retrospective study at a tertiary paediatric hospital, we
examined our large cohort of patients with grade 1 astrocytomas to assess the
asymptomatic recurrence rate and determine if a more optimised distribution of
surveillance imaging could be universally applied. A secondary objective was to
assess the impact of gadolinium administration on treatment decisions based on
surveillance imaging.

Methods

This single-centre retrospective study was registered as an audit against the
ICLGG/SIOP Cooperative Multicenter Study for Children and Adolescents with
Low Grade Glioma ‘Guidance for surveillance imaging in paediatric low grade
gliomas’, described by Gnekow et al.[6], as a benchmark against which to
measure our institutional practice. Our standard imaging protocol for follow-up
of these patients includes an axial T2-weighted sequence, a coronal fluid
attenuated inversion recovery (FLAIR) sequence, diffusion weighted imaging
(DWI), susceptibility weighted imaging (SWI) and volumetric T1-weighted
sequences before and after the administration of GBCA.

Patients were identified by interrogation of our prospectively maintained neuro-
oncology centre database for paediatric patients (below the age of 16) with a
new diagnosis of a WHO classified grade I astrocytoma diagnosed between
January 2007 and December 2013 (to ensure at least 5 years of follow-up). All
tumour locations were included, and all patients with a histologically confirmed
low grade astrocytoma or those without a histological diagnosis but with no
high-grade features on follow-up imaging were also included (for example optic
pathway tumours). Patients without at least two year’s local follow-up available
for analysis were excluded, and patients with a tumour syndrome (such as
neurofibromatosis type 1 or tuberous sclerosis) were excluded.



For each patient, age at diagnosis, treatment summary (including extent of
resection if tumour surgically excised), histological diagnosis and location of
tumour was recorded. The index imaging, postoperative imaging findings and
subsequent number of MRI scans was also recorded, with documentation of the
interval between surveillance scans, as well as any additional MRI studies
performed in response to new symptoms. For every change (confirmed or
suspected) in tumour appearance on the surveillance imaging, the relevant
neuro-oncology multidisciplinary team meeting notes or clinic letters were
scrutinised for evidence of a consequent change in management.

We used the same definition of a surveillance MRI as in a previous study from
our centre[7]: an MRI performed for the purpose of monitoring a low grade
astrocytoma in the absence of any clinical evidence indicating further tumour
growth, with the first postoperative MRI not considered to represent
surveillance.

Determination of extent of resection was made based on the first postoperative
imaging study, usually performed within 48 hours of surgery, and categorised as
either complete or incomplete resection.

A change in clinical management following surveillance imaging was considered
to include institution of a new therapy or surgical intervention. Recurrence or
progression was defined as a change in imaging features on surveillance imaging
that led to a change in clinical management. Our institutional clinical practice is
not to use tumour volume measurements as outlined in trial criteria to define
progression, but to evaluate patients on a case by case basis; this is necessarily
subjective which is a potential limitation of the current study. For cases of
recurrence or progression, the report and the imaging were scrutinised to
determine whether the administration of gadolinium-based contrast agent
contributed to the consequent management decision.

Results

In total, 88 patients were included for analysis, with a mean age of 745 years
(range 1 to 15). No patients included had neurofibromatosis type one. The
patient cohort were divided by tumour location for analysis, with 42 (48%)
patients having cerebellar tumours (cerebellar group), 20 (23%) patients having
optic pathway tumours (OP group), and 26 (29%) patients with tumours which
were in neither of these locations (‘Other Group’; included thalamic, midbrain
and lobar non-optic pathway lesions). 67/88 had a histological diagnosis, all of
which were WHO grade 1 tumours; these included 3 pleomorphic
xanthroastrocytomas, 1 angiocentric glioma and 63 pilocytic astrocytomas.

Audit of our local surveillance imaging practice showed heterogeneity amongst
patients and clinicians; the median interval between imaging was between 4 and
6 months for the first 8 surveillance studies but the standard deviation was also
4 to 6 months. In total, 690 surveillance scans were performed over the study
period.



62 of 88 (70%) patients had surgery as initial management, with 33/62 (53%)
having had a complete resection. 31/88 (35%) tumours recurred or progressed
in the study period examined. 30 of these (97%) were detected by surveillance
imaging (i.e. the child was asymptomatic at the time of the surveillance imaging
examination considered to demonstrate progression leading to a change in
clinical management). This gave a detection rate per surveillance MRI of 30/690
(4%). The timings of each recurrence are demonstrated in Figure 1.

In the cerebellar group, 40/42 (95%) patients underwent surgical tumour
resection; 25/40 (63%) achieved complete resection and 15/40 (37%)
incomplete resection. Throughout the study period, 1/25 (4%) patients with a
complete initial surgical resection had recurrence at 13 months, and 7/15 (47%)
patients having had an incomplete resection demonstrated tumour progression.
The mean duration to progression was 26 months, range 4-46 months.

In the optic pathway group, 5/20 (25%) tumours had surgical resection; 1 (20%)
had a complete resection and 4 (80%) had incomplete resection. Throughout
the study period, 12/20 (60%) patients demonstrated tumour progression, 3
(25%) of which were subsequent to an incomplete surgical resection or tumour
debulking. The mean duration to progression was 34 months, range 21-78
months.

In the ‘other’ group, 17/26 (65%) tumours were surgically resected; 7/17 (41%)
patients had a complete resection, and 10/17 having incomplete resection
(59%). Throughout the study period, 11/26 (42%) patients had tumour
recurrence or progression: 6 of the 10 (60%) having had incomplete resection
and 3/7 (43%) having had a complete resection. The mean duration to tumour
progression or relapse was 28 months, range 14-64 months.

In total, 13/690 (2%) surveillance MRI scans demonstrated varying degrees of
contrast enhancement throughout the study period without increasing signal
abnormality on other sequences; 5 (38%) of these represented linear
enhancement following surgery which was considered to be postoperative. We
found no cases of recurrent disseminated disease. In the absence of associated
progression in the degree of signal abnormality on other sequences (T2, FLAIR,
or DWI primarily) no escalation of treatment was undertaken on the basis of
increased enhancement alone.

Discussion

This retrospective single-centre review investigates the schedule of and intervals
between surveillance scanning of children with presumed or confirmed WHO
grade 1 gliomas. In addition, we investigated the duration to tumour recurrence
or progression in the context of attempting to identify whether reducing the
number of surveillance MRI scans, along with increasing the interval between
such scans, would permit a balance between identifying tumour relapse or
progression requiring intervention with the burden and risks of performing
excessive surveillance imaging.



Even from our single centre, the results demonstrate significant variation in
clinical practice as to the approach to surveillance MRI imaging, with varying
number of and interval between surveillance scans. Our data suggests that the
default interval between MRI scans is 6 months (which is in keeping with the
SIOP-E-BTG guidance), although this varied depending on tumour location and
degree of surgical resection. However, the large number of surveillance scans
compared to the relatively small number of instances of recurrence/progression
suggest that there may be scope to reduce the volume and frequency of
surveillance imaging.

Our results support previous published evidence demonstrating that completely
resected cerebellar grade 1 astrocytomas rarely recur [2], with only one of 25
(4%) patients in our cohort recurring. For this group of patients in particular we
therefore suggest that a reduced frequency of surveillance imaging and a shorter
overall surveillance period is likely to be adequate and to achieve a better
balance for patients. McAuley et al. suggest a protocol for completely resected
cerebellar astrocytomas of imaging at 6, 18 and 30 months[8]. In our cohort this
would have led to a delayed diagnosis in our single recurrence at 13 months but
whether this would have changed outcome is difficult to determine
retrospectively. However, the absence of recurrence at longer intervals suggests
that it would be prudent to limit the overall surveillance period and McAuley’s
suggestion of 30 months seems reasonable according to our data.

There is very limited data regarding the optimum surveillance imaging schedule
in non-cerebellar tumours, as well as in tumours that are non-operatively
managed or incompletely resected. Stevens et al. highlight that 75% of the
tumours in their systematic review of surveillance imaging were cerebellar and
the majority completely resected (which is likely to explain why our
recurrence/progression rate of 35% is higher than their reported overall rate of
24%) [2].

The progressions that occurred furthest from resection were in an optic pathway
tumour which had been debulked and received chemotherapy, at 78 months, and
a tectal plate tumour (not histologically confirmed but considered to be grade 1
based on imaging and treated with chemotherapy) at 64 months but the
remaining cases of progression or recurrence occurred within 4 years. Kim et al.
suggest an imaging strategy of MRI at 3 months and 1, 2, 5 and 10 years [1]. In
the context of incomplete resection or non-operative management, it may not be
possible to conclusively determine when surveillance imaging should be
discontinued. Our results would appear to favour a lengthened interval -
imaging at 6 and then 12 months and then annually up to 5 years would have
reduced the number of MRI scans whilst minimising the delay to diagnosis for
the majority of patients in our cohort. However, until further cohorts support
these findings we feel it is prudent to maintain 6 monthly imaging surveillance
for non-cerebellar (or incompletely resected cerebellar) tumours currently.

A more recent study examined the detection efficacy and cost of surveillance
imaging in a retrospective analysis of 517 patients with low grade gliomas using
an algorithmic approach to define a more cost-effective surveillance



programme[9]. This is an interesting and useful approach, but no distinction was
made between the location of the tumours and our data suggests there is a
difference in recurrence/progression risk depending on the location of the
tumour and as such the generalizability is difficult to determine.

Overall, our data would suggest that the available guidelines are fairly arbitrary
and lead to a very low detection rate with a large burden on the patient, family
and hospital. Multiple studies suggest a shorter and less frequent surveillance
protocol; we would suggest based on these findings that this should be tailored
to the location of the tumour as well as the degree of initial resection (where
relevant), and that the protocol outlined by McAuley et al. [8] seems most
appropriate for cerebellar tumours and would have avoided missing instances of
recurrence or progression in our cohort. However, more data is required on
surveillance patterns in non-cerebellar tumours.

The use of gadolium based contrast agents (GBCA’s) in surveillance imaging has
become more controversial given the recent published demonstration of
deposition of gadolinium in the brain. It has previously been suggested that post-
contrast T1 is the most sensitive sequence for tumour recurrence [10].

However, in our cohort of 13 patients with an isolated change in contrast
enhancement, this justified discussion in the neuro-oncology MDT meeting but
was never sufficient alone to indicate treatment escalation without other
symptoms or evidence of tumour progression.

This finding is echoed by recent published evidence specifically examining low
grade optic pathway tumours. Maloney et al. report that in their cohort of
children with isolated optic pathway gliomas treatment escalation was only
instigated in the context of increased contrast enhancement with concomitant
increase in tumour size visible on T2-weighted images, and thus propose use of a
non-contrast surveillance protocol [11]. An unenhanced surveillance protocol
has subsequently been shown by Marsault et al. to have satisfactory sensitivity
and specificity, based primarily on assessment of tumour volume variation [12].
We believe that the use of GBCAs could be limited in the setting of all low-grade
paediatric astrocytomas but this requires further investigation in other tumour
locations, as performing repeat MRI surveillance scans for GBCA administration
is not ethical when it often involves risk of sedation or anaesthesia.

We note that the recent Response Assessment in Paediatric Neuro-Oncology
(RAPNO) working group recommendations highlight the evidence that contrast
enhancement may be less reliable than T2 signal in assessing response, but
currently recommend it as a core sequence for follow-up [13]. It is also
important to note the additional value of GBCAs in detecting disseminated
disease at recurrence, which if not nodular may be difficult to identify on
unenhanced imaging. The risk of this in low-grade tumours is relatively small,
but not insignificant and is higher in infants. In our cohort, there was no
dissemination of disease at recurrence (including on post-contrast imaging), but
we note previous studies demonstrate a 4.3% incidence of dissemination in all
low-grade gliomas [14] and increased incidence in infants under one [15].



There are limitations to the conclusions made from interpretation of our
retrospective dataset. Firstly, we have included multiple tumours not
histologically confirmed as grade 1 astrocytomas. This was deemed necessary
given that optic pathway gliomas are often not amenable to surgical access for
biopsy or resection and yet fall within the surveillance purview of low-grade
gliomas. Despite minimising the risk of confounding results by excluding any
tumours with high grade radiological features, in the absence of a tissue
diagnosis we cannot confidently conclude that all patients included did have low
grade tumours.

Secondly, the variation in treatment and management options for non-cerebellar
astrocytomas (with respect to surgical debulking or resection, chemotherapy
and radiotherapy options) means that the surveillance data for non-cerebellar
tumours is more challenging to objectively analyse, and therefore only limited
conclusions can be drawn from the data as a whole. The retrospective
methodology may have limited our data analysis, with variable patient follow-up
durations as many of our patients transferred to adult services or alternate
regional hospitals closer to home throughout the surveillance period. Finally, our
interpretation of the conclusions made at multidisciplinary team meetings are
somewhat subjective, particularly with regard to the utility of GBCAs, and this
should therefore be interpreted with caution. On the other hand, it could be
deemed that multiple oncologists and neuro-radiologists concluding non-tumour
progression in the presence of progressive contrast enhancement strengthens
our conclusions.

Conclusion

Surveillance imaging of paediatric grade 1 astrocytomas continues to represent a
difficult clinical challenge for which there is limited objective and translatable
evidence. Our single-centre experience suggests that follow-up surveillance for
completely resected cerebellar astrocytomas can be reduced. In addition, we
may be able to reduce the frequency of surveillance imaging of non-cerebellar
grade 1 astrocytomas, but there is insufficient evidence from this review and
other published data to curtail the duration of surveillance given the incidence of
‘late’ recurrence or progressions. Finally, there is subjective evidence to propose
that we may be able to limit the use of GBCAs without loss of efficacy of
surveillance, but this requires further investigation in larger, multi-centre
studies and consideration of the risk of missing disseminated disease.

Figure Legend

Fig 1. Scatter plot demonstrates the timing of recurrence or progression of
tumour in months from the initial surveillance scan for the three location groups
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