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Aims
This document develops a national framework for the organisation of neuropathology services for
children’s brain and spinal cord tumours so that all children and their families have access to optimal

specialist diagnostic services.

Background

Tumours of the central nervous system (CNS) are the most frequent solid tumours in children,
affecting 400-500 children a year in the UK. They are the most common cause of cancer-related
death in children. Moreover, life-long impairments are common amongst survivors related at least in

part to the effects of treatment.

Accurate pathological diagnosis is a critical step in the management of children with CNS tumours
because it means that children can obtain the treatment most likely to effect a cure while minimising
the risk of late effects of treatment. Furthermore, a considerable number of children with tumours will
carry an underlying germline predisposition predictable from the pathology, which will have
implications for their immediate treatment (e.g., by changing the risk of radiotherapy), their long-term
management (e.g., by changing the risk of second tumours) and diagnostic surveillance for their

families.

In developing these guidelines and their implementation, we regard two principles as axiomatic. The
first is that the focus must be on the clinical impact of diagnostic services on the child. The second is
that all children with CNS tumours in the UK should have equity of access to the highest standard of

specialist diagnostics required for their tumour type.

When considering the recommendations in this document, there is no biological threshold of age at
which it becomes relevant. Children, particularly teenagers, may well develop tumours whose
diagnostic issues are more comparable to adults, and similarly, an adult may develop tumours of a
paediatric type. The recommendations in this document could be broadly considered applicable to all
patients up to the age of 16 years, but need to be considered in the context of the local services and

the tumour type.
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Specialisation

Recommendations
1. The pathologist diagnosing a CNS tumour in a child should be a neuropathologist.

2. Each treating centre offering paediatric neurosurgery for CNS tumours should have a
neuropathology service on-site and should have access through defined referral mechanisms to
local, regional or national specialist paediatric neuropathology.

3. Pathological diagnoses of childhood CNS tumours should be reviewed by a neuropathologist
with demonstrable superspecialist expertise in such childhood tumours (‘paediatric

neuropathologists’ as defined below).

One of the most difficult issues in the provision of specialist services is to define the necessary
expertise required to deliver the service. This provides particular challenges for children’s CNS
tumours as we need to balance the practicalities of offering equity of access and rapid diagnosis
throughout the country while recognising the rarity of many of the tumours and the specialist
knowledge required in their management. The UK, in many ways, is in an excellent position
internationally, having a long-established specialist training scheme in neuropathology and a national
external quality assurance scheme. This ensures a level of expertise of all practising
neuropathologists in CNS tumours and promotes uniformity of practice.

Neuropathology

In the UK, neuropathology services are mostly provided by consultants who have completed training
in neuropathology/diagnostic neuropathology, passed the FRCPath examination in
neuropathology/diagnostic neuropathology and have specialist registration with the General Medical
Council in diagnostic neuropathology or histopathology with a subspecialty of neuropathology. In
addition, such pathologists will demonstrate ongoing expertise through participation in the British
Neuropathological Society’s External Quality Assurance scheme, the RCPath Continuing Professional
Development programme, and annual consultant appraisal. For clarity in this document, pathologists
who meet these training and CPD requirements (or equivalent) will be called ‘neuropathologists’.
Pathologists meeting these criteria can clearly demonstrate training and expertise in CNS tumour

diagnosis.

Specialist paediatric neuropathology
Some neuropathologists develop specialist expertise in children’s neuropathology (called ‘paediatric

neuropathologists’ in this document). While all neuropathologists (as defined above) will be able to
demonstrate expertise in CNS tumour diagnosis, it is important to consider the role of more
specialised individuals. This is because brain tumours in children are rare, and as there are many
subtypes, each type is very rare. This means that most neuropathologists will see certain paediatric
tumour types once every few years or even less frequently. As an indication, there are approximately
400-500 new CNS tumour cases in children per year distributed unevenly across 18 centres in the

UK, each of which would typically employ 2-3 consultant neuropathologists. Therefore, each
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pathologist, on average, will see relatively few cases and even the more common subtypes may be
seen relatively infrequently. It would not be unusual, in other histopathology specialities, for an
individual consultant’s annual workload to be measured in 1000s of cases. Therefore, all centres
reporting children’s tumours, including the high-volume centres, are dealing with a low-volume
practice when seen in the broader context of pathology specialities. Given the high clinical stakes
involved in children’s neuro-oncology, the clinical risks arising from low-volume practice need to be
actively managed, balancing this risk against the need for rapid local diagnosis. In particular, in a low-
volume practice, it may be difficult to safely distinguish the cases that require a second opinion and
those that do not. Therefore, the most straightforward solution is for paediatric neuropathologists to
review the pathology of all children’s CNS tumours. This is particularly important in cases where a
diagnosis has recognised inter-observer variability but has critical treatment ramifications (i.e., large
cell anaplastic designation in medulloblastoma in children at primary diagnosis). Such cases are best
reviewed/second reported by specialist paediatric neuropathologists who frequently review such
tumours, therefore developing expertise in the spectrum of these diagnoses. A centre offering
paediatric neuro-oncology should consider how to obtain such reviews and have established referral
patterns (where appropriate supported by service level agreements) and criteria for when to obtain

them.

A centre offering a specialist paediatric neuropathology service will need evidence to demonstrate the
expertise of its pathologists, which would likely involve evidence of specialist training and continuing
professional development in paediatric brain tumour diagnosis, along with markers of national and/or
international recognition in the field. The volume of paediatric neuropathology cases is also an
important consideration. Given the relatively small numbers, a threshold for what defines a specialist
centre cannot be definite or evidence-based and should be considered in the context of all of the
evidence of a specialist service. Nonetheless, a centre regularly diagnosing very few cases (e.g.,
fewer than one per week) is not a high-volume practice if taken in the context of other histopathology
specialities. However, ideally, cases should be reviewed in a centre with a significantly higher volume
practice. There are several ways in which a centre could address this risk, including forming regional
networks (e.g., the UK could sustain 4-5 centres reviewing >100 cases/year) or a more centralised

national solution.

Other pathology specialities
In a few centres, pathologists with training and expertise in other subspecialties are responsible for

brain tumour diagnosis. This is most commonly a pathologist with expertise in paediatric/perinatal
pathology (called paediatric pathologists in this document). This training does not per se guarantee
the same expertise as an individual who has completed neuropathology training, and therefore, this
arrangement carries risk. The centre needs to be able to demonstrate why the expertise of the
pathologist is equivalent to a neuropathologist or by which other means they have managed this risk.
As this puts a significant burden on an individual centre and pathologist, it may not be a sustainable

solution and because of the clinical risk, is not recommended.
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Neuropathology across the patient pathway

We recommend that neuropathology services are configured to consider the impact at each stage of
the patient’s journey.

Pre-operative

Recommendations
1. A neuropathologist should be a member of MDTs that discuss potential paediatric neuro-

oncological surgical cases. In rare occurrences, if this is not possible (i.e., emergency
cases), the neuropathology service should be able to respond quickly to any queries via
clear two-way lines of communication that are locally agreed.

2. Clear protocols / SOPs should be in place for the Neurosurgical team to book
intraoperative diagnostic samples directly with the neuropathology service. Booking frozen
sections/smears should ideally occur at least the day before surgery, in situations of
planned operations; or as soon as it becomes apparent that intraoperative histology will be
needed in emergency cases.

3. Paediatric patients with CNS tumours are often enrolled, or have the potential to be
enrolled, in clinical trials. Pre-operative discussion regarding the potential use of the
samples (including specific trial information) should occur as early as possible prior to
surgery so all clinical specialties (i.e., neuropathology, neurosurgery, oncology) are aware
(i.e., sample for intra-operative diagnosis, frozen tissue for clinical trial and / or WGS and
definitive sample for diagnostic histopathology).

4. All relevant documents (i.e., trial and / or WGS consent) should be disseminated to the

neuropathology service, or easily accessible, ideally at the time of specimen receipt.

While there are exceptions, most children with a CNS tumour undergo neurosurgery as an early
diagnostic and/or therapeutic procedure. The samples taken will be of critical importance for the
diagnosis and therefore for the treatment of the child. Inadequate samples lead to diagnostic errors
and uncertainties, and limit access to further testing, e.g., genomic testing necessary for correct
treatment choices. Therefore, laboratories offering neuropathology services for children should
include written guidance on sample submission, and neuropathologists should be available as part of
the diagnostic Multidisciplinary Team to provide more specialist advice in specific cases where
necessary.

In addition, many neurosurgical operations are guided by intraoperative histopathology (e.g., smears
and frozen sections). To ensure that the laboratory can respond to these requests promptly and that a
pathologist of appropriate expertise is available, the intraoperative diagnosis should be arranged in
advance of the surgery with the neuropathologist.
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Intra-operative

Recommendations
1. There should be access to intra-operative diagnosis in all centres offering neurosurgery to

children with CNS tumours.

The pathologist offering the intra-operative diagnosis should be a neuropathologist.

The hours of service should be agreed upon locally such that intra-operative
neuropathology is available whenever relevant surgery might reasonably take place. The
centres should ensure that rotas and on-call services are arranged such that there is a
neuropathologist and biomedical scientist available to meet these requirements.

4. Local teams should agree turnaround time targets, but as an indication, the first report
should be available within 45 minutes of receipt of the sample in the laboratory in at least
90% of cases.

5. In most cases, neuropathologists should be warned at least 24 hours before surgery of the
need for an intra-operative diagnosis. Where this is not possible, the maximum earliest
feasible warning should be in place.

6. The centre should audit the use of intra-operative diagnosis to determine the diagnostic
accuracy and the turnaround times.

7. Due to the small size of many paediatric neuropathology samples, clear communication
should be had with the surgical team at the time of delivery of the intra-operative diagnosis
to ascertain if any further samples will be sent, which should then be prioritised for 1)
histopathological / molecular diagnostics 2) additional intra-operative diagnostic samples
and / or 3) frozen tissue for whole genome sequencing and other molecular testing,

archiving, research, trial etc.

Intra-operative diagnosis (using smears or frozen sections) is a standard part of neurosurgical
practice, principally because it allows the surgeon to be confident that the biopsy or resection sample
that they have taken is representative of the pathological lesion and that it is sufficient for diagnosis. It
also indicates that the lesion is indeed a tumour (rather than a non-neoplastic mimic) which may help
the surgeon in contemplating further resection. Furthermore, in children, certain tumour types will
benefit from a more complete resection (e.g., ependymoma and medulloblastoma) while in others, a
biopsy will be sufficient and the risks of more extensive surgery avoided (e.g., germinoma,
haematological malignancies). Therefore, in offering an intraoperative diagnosis, the neuropathologist
can ensure that a sufficient sample has been taken for diagnosis and that appropriate surgery is

undertaken for treatment.

Multiple published studies (across adults and children) demonstrate that intra-operative diagnosis
makes an accurate prediction of the final diagnosis in approximately 89-95% of cases supporting the
value of routine intraoperative diagnosis (see for example (1)). However, there are two caveats. The

first is that this indicates that in the best cases, at least 1 in 20 intra-operative diagnoses will be
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misleading. The second is that intra-operative diagnosis represents a simple morphological
classification of tumours, and in recent years definite diagnosis in paediatric neuropathology has
relied significantly on molecular testing, which is only starting to be used for intraoperative diagnosis®.
Taken together, these comments indicate that the intra-operative diagnosis should be treated with
caution and not be used to guide treatment decisions outside of the immediate intra-operative issues

for which they are intended.

The intraoperative diagnosis must be reported to the surgeon promptly. There is little evidence base
for the timescale, but the turnaround time for the first reported sample would typically be less than 45

minutes from receipt in the laboratory.

In most cases, surgery is planned, so to ensure that the laboratory and neuropathologist are available
to handle the sample promptly, cases should be arranged with the pathologist at least a day before
surgery. In truly unplanned cases, it is usually possible to offer at least 2 hours’ notice, and this avoids

delays during the operation.

Intra-operative diagnosis in cases of possible infectious disease (e.g., TB) may carry significant risk to
laboratory staff and should be discussed in advance with the consultant neuropathologist, and any

actions taken in line with local health and safety policies.

Post-operative
The principal role of the neuropathologist is in the immediate post-operative period where they will

arrange an investigation of the tissue sample and develop an integrated diagnosis reflecting the

morphological and molecular data.

Sample preparation

Recommendations
1. Facilities should be available for routine freezing of tumour samples in all centres offering

pathology for childhood CNS tumours.
2. Where samples are being used for trial entry or WGS testing, consent should be clearly

documented and accessible to the neuropathology service.

In most circumstances, samples should be sent urgently to the pathology laboratory fresh, and at
least one (ideally at least 3-5) piece(s) frozen. This provides an optimal sample for molecular testing
and is mandated for NHSE whole genome sequencing. Frozen tissue is also required as eligibility in
some trials. The remainder of the tissue can be processed for paraffin, but additional samples may be

considered e.g., for electron microscopy, trial entry or tissue banking.

1 Several studies are currently reporting rapid intra-operative genomic testing (e.g.,(7)).

Version 1 April 2025 Revision April 2030



In some cases (e.g., out-of-hours samples and infectious cases), it may not be possible to send the
sample fresh or the samples may be too small to permit multiple sampling, in which cases it should be

fixed in formalin according to local protocols.

Diagnostic criteria

Recommendation
1. All centres should have access to molecular testing that will identify relevant methylation

profiles, copy number changes, small variants and fusions as set out in the NHS
Genomics Test Directory and/or as needed to meet the diagnostic criteria of the WHO
classification of tumours or those of the cIMPACT-NOW consortium.

2. Genomic results need to be available to meet the clinically defined turnaround times (see
below).

3. Genomic tests should be incorporated with the histological findings to provide an

integrated diagnosis (as outlined in the Haarlem criteria).

Wherever possible, the diagnosis should follow the criteria in the WHO classification of tumours of the
nervous system and the WHO classification of childhood tumours (2,3). The diagnosis should be
given as an integrated diagnosis, as outlined in the Haarlem criteria (4) and subsequently adopted by
the WHO. Because tumour classification in childhood CNS tumours is developing very rapidly, and
some molecular findings do not always match perfectly to established entities, tumour diagnoses not
included in the WHO may also be required. The cIMPACT-NOW consortium provides an additional

set of recommendations between WHO editions (5).

Diagnosis according to these criteria requires access to routine histopathology, specialist
immunohistochemistry, and molecular techniques (including NGS and methylation profiling). In
particular, there is good evidence that the widespread use of methylation profiling in childhood

tumours refines diagnosis in a high proportion of cases.

NHS England has developed eligibility criteria for molecular techniques under the Genomes Test
Directory and has made these accessible through the Genomics Laboratory Hubs in England. In
addition, to promoting equity of access to a range of sequencing testing, it also permits methylation

profiling and whole genomic sequencing for all childhood tumours.
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Turnaround times (TATSs)

Recommendations
1. Turnaround times should be measured from the time of the operation to the integrated

report, as defined as one containing all information required for patient management.

2. The integrated diagnosis should be issued in 50% of cases within 14 days of the date of
operation, and in 90% of cases within 21 days.

3. Afirst, preliminary report should be issued within 5 days of the operation in 50% of cases,
and within 10 days in 90%.

4. Centres reliant on another speciality centre should have service level agreements (or
equivalent) to address risks of turnaround time targets.

5. Centres should audit compliance with these targets and undertake exception audits where

cases exceed the targets.

Traditional laboratory turnaround times have been measured from receipt of the sample to the first
available report. However, this is not clinically the most relevant measure. Instead, turnaround times

are better measured from the time of surgery to the final integrated report.

For this recommendation, we define the final integrated report as one that contains all information
(including genomics / molecular biology results if relevant) that a clinician needs to decide on the next
stage of management. This is the clinically relevant report, i.e., the one that contains all clinically
relevant data, not necessarily the one that includes all molecular data. This will vary from tumour to
tumour, and depending on the clinical situation, patient to patient. It does not imply that all molecular
data should be reported within this time frame in every case, only those where it will affect immediate
clinical management. A centre should develop policies to address how these points are defined, e.g.,
the reporting pathologist is often best placed to determine if they have all the data to provide an

integrated report, and could flag this within their LIMS system.

Achieving these definitions of the TAT requires oversight of the entire pathway (including theatres,
porters, histopathology laboratories and genomic laboratories). Furthermore, the required time for the
report will vary depending on the clinical status of the patient and whether adjuvant therapy is
required. Where adjuvant therapy is required in paediatric neuro-oncology, it is usually often started
within a month of surgery. In some studies of malignant tumour groups delayed adjuvant therapy is
associated with risks of a) dissemination requiring an escalation of adjuvant therapy intensity, b)
tumour recurrence requiring further surgery c) adverse survival outcomes for patients and d)
increased adverse event risk from escalated therapy. This is reflected in several of the national
treatment guidelines for paediatric CNS tumours which advocate adherence to timely initiation of
adjuvant therapy within such timescales (as they need to also incorporate the planning and
preparation time required to administer therapy, particularly radiotherapy, safely and effectively). For

example, the CCLG national guidance for standard risk medulloblastoma states that adjuvant
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radiotherapy should start within 28 days of surgery and should always commence within 40 days of
surgery, while the CCLG radiotherapy guidelines for localised ependymoma also state adjuvant
radiotherapy should commence within 28 days of surgery (see other tumour-specific CCLG treatment
guidelines for the treatment timescales indicated?). Therefore, to stratify patients for treatment and
plan adjuvant therapy, the integrated report needs to be available well within these timescales.
Therefore, we recommend that the time to the final report (as defined above) should be less than 21

days from surgery (90" centile target) and where possible less than 14 days (50" centile target).

In addition to the final report, an interim report may be of assistance in guiding clinicians and assisting
families and patients and a first report should be issued within a turnaround time of fewer than 5 days

(50t centile target) with the majority within 10 days (90% centile target).

These TATs may also pose a risk for centres reliant on referral pathways for the definitive diagnosis.
Centres should have processes in place, for example through service level agreements, to remove

this risk and ensure that children in such centres are not disadvantaged by delayed diagnosis.

It is accepted that there will be a few tumours where the turnaround time will exceed these targets, for
example, cases which require multiple rounds of molecular testing or extensive second opinions.
However, departments should monitor these cases in exception audits to understand and minimise

these delays.

MDT meeting involvement

Recommendations:
1. Neuropathologists should be core members of paediatric neuro-oncology MDTs.

2. All cases for neuropathology discussion at the MDT should be identified at least one
working day prior to the meeting to allow time for preparation and review of cases.

3. All cases should be reviewed and discussed by a neuropathologist (as defined above)(or
another supervised neuropathology team member i.e., specialist registrar or scientist in
neuropathology)

4. The pathological diagnosis of record is the one found in the formally authorised report.
Clinicians must refer to the formal pathology report when planning treatment and the
minutes of MDT should not be used as a substitute. If MDT discussion provides new
information that alters the diagnosis, then an amendment or addendum to the pathology
report should be issued.

The neuropathologist is a core member of the neuro-oncology multidisciplinary team.
Discussion of paediatric neuropathology diagnoses (including molecular results and any
potential identified therapeutic targets), in the context of all other clinical and radiological

Zwww.cclg.org.uk
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information, is an integral part of the patient pathway to ensure optimal diagnosis and
treatment. MDT discussion is especially useful for complex cases with unresolved or unclear
diagnoses.

Relapse

Recommendations
1. The MDT should consider if there is clinical benefit in biopsy of relapsed tumours.

2. Sample preparation and diagnosis of relapsed samples should be undertaken as
described for primary tumour, but with particular consideration of:
a. The possibility of a change of diagnosis.
b. The possibility of acquired genetic changes.

c. Preservation of tissue (e.g., by freezing) for trial entry.

There is increasing evidence to justify biopsy of relapsed tumours, partly because of the
possibility of a second (e.g., radiation-induced) tumour, a change in the biology/risk
stratification of the relapsed tumour (e.g., the acquisition of combined TP53/MYC
alterations in medulloblastoma), and the opportunity to access targeted or experimental
treatment via biologically driven trials.

Post-mortem

Recommendations
1. Centres treating children’s CNS tumours should have processes to discuss autopsy with

families at appropriate stages either in palliative care or post mortem.
2. Centres treating children’s CNS tumours should have processes to obtain autopsy where

consent is granted.

Unfortunately, some children with CNS tumours will succumb to their disease. The evidence
shows that in many cases, such families appreciate the offer of post-mortem examination
for a range of reasons, not least of which is the opportunity to contribute to research to
improve outcomes for other families(6). There are many reasons why tissue taken at
autopsy provides a unique resource to understand the biology and treatment of the most
fatal forms of the disease. Autopsy also provides an important investigation to support
clinical governance and training.

There are, therefore, compelling arguments for discussing autopsies with families, the most
important of which is that some families will wish to take the opportunity. Such discussions
require not only sensitive communication skills but also a familiarity with some of the
practical and technical issues. Therefore, centres should put processes in place to offer the
opportunity to discuss autopsy in appropriate cases and have mechanisms to access autopsy
when consent is granted.
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Generic roles for Neuropathology

Clinical Governance

Recommendations
1. Centres treating children’s CNS tumours should develop clinical governance policies for

the neuro-oncology MDT that incorporate data from pathology (both surgical and autopsy
pathology).
2. In such centres, neuropathologists should contribute to mortality and morbidity meetings

for the neuro-oncology service.

Pathology provides an important source of audit data and other forms of support for clinical
governance. This may be both by contributing to mortality and morbidity
investigations/meetings, autopsies and audits of the outcomes of other diagnostic services.

Teaching/Training

Recommendations
1. Centres treating children’s CNS tumours should outline how they will provide updates and

training in tumour pathology, classification and diagnosis for all relevant clinicians.

2. Training programmes in neuropathology should include secondments of trainees to visit
highly-specialist centres for training in paediatric neuropathology.

3. Centres treating children’s CNS tumours should provide support for their pathologists to
link to national and international training opportunities to ensure they are up to date in
paediatric neuropathology.

The complexity and rapid rate of change in paediatric CNS tumour diagnosis and
classification has significant impacts on patient care and centres should have a strategy for
maintaining the expertise of both clinicians treating the children and neuropathologists who
diagnose them. Neuropathologists have a unique role in keeping the MDT up to date on
changes in the diagnosis and classification of brain tumours, and centres should outline how
they will facilitate updates/training across the MDT. Due to the limited number of cases (see
above), non-specialist neuropathology centres should develop links with specialist centres
to support continuing professional development for consultants and training for their
neuropathology trainees.
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Research

Recommendations
1. Centres treating children’s CNS tumours should have processes for routinely requesting

consent for use of excess tissue for research.

2. This consent process should be as generic as possible to avoid limiting use of tissue to
particularly projects.

3. Neuropathology departments diagnosing children’s CNS tumours should have facilities for
routine storage of banked tissue including frozen tissue.

4. Paediatric neuropathology centres should have strong links with university units, ideally
with the appointment of academic neuropathologists with research interests in tumours.

5. Clinical trials should use existing accredited laboratories (ideally as part of standard of
care testing in the NHS) to establish eligibility for trial entry.

6. Paediatric neuropathologists (as defined above) should be involved in the trial protocol

design and review when tissue handling is a critical consideration in the trial design.

Given the poor outcomes for many children’s CNS tumours and the many uncertainties in
the optimal diagnosis and treatment, research is critical and needs to be embedded in
neuropathology services at every level. All centres should seek prospective consent for the
use of excess tissue for research, and this should be generic consent where possible, to
maximise the potential future use of samples. All pathology units should have the facilities
to store samples including frozen samples.

Paediatric neuropathology units have a unique opportunity to lead tumour research and
should have strong links with university units, ideally with the appointment of academic
neuropathologists with research interests in tumours.

Many clinical trials require pathological/genetic review of diagnoses, tissue banking or tissue
submission for biomarker discovery. Trials vary widely in how practical the requirements
are, and to maximise the chance of sample recruitment, it is recommended that i) paediatric
neuropathologists are involved at an early stage in the trial design and ii) review
mechanisms are integrated into the clinical pathways for the standard of care diagnosis
within the NHS, not duplicating it.
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