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Abstract

Effective f children with low grade glioma (LGG) requires a functioning multi-

discipliflafmt@@@vith adequate neurosurgical, neuroradiological, pathological, radiotherapy
and chem facilities and personnel. In addition, the treating centre should have the
capacity t e a variety of LGG and treatment-associated complications. These

requiremefits made it difficult for many centers in low and middle-income countries

S

(LMIC) t fective treatment and follow up. This article provides management

U

recomme for children with LGG according to the level of facilities available.
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IntrodW
Low gradLGGs) are a heterogenous spectrum of neoplasms comprising 40% of

primar ¥#p &di@E@brain tumors.[1] The posterior fossa is the most common site of

involvem -25%) followed by the cerebral hemispheres (10-15%) and the optic
pathways @2 , 3] LGG are graded according to the WHO grading system and include
pilocytic wma and diffuse astrocytoma.[4] The grading system includes variants such

as pilomy;ocytoma, subependymal giant cell astrocytoma and pleomorphic

xanthoast a. Histopathologically, LGG are recognised by

astrocytic,!oligodendro glial and mixed oligo-astro neuronal features.[5]

Children rofibromatosis type 1(NF1) and tuberous sclerosis have a predilection to
develop LGG.[6, 7] It is reported that 15-20% of NF1 patients will develop
hypothalamic/CRilasmatic/optic pathway gliomas (HCLGG) as well as glioma or LGG in other
sites, h e tumors often behave more indolently than sporadic LGG in non-NF1

patients. (Sildren with tuberous sclerosis are predisposed to develop subependymal giant cell

astrocytm@A) that frequently respond to mTOR inhibitors.[8]

Treatment ren with LGG in low and middle income countries (LMIC) remains a

challe steathe excellent survival rates in high income countries (HIC). In HIC,
treatme#wpendent on tumor resectability, age of the child and the presence or absence of
NF1. For tumorsdocated in areas where gross total resection is possible, surgery is the most
effective nt with a 10-year progression free survival (PFS) of >90%. For tumors

where resec 1§ not possible, a number of alternative strategies are possible in the form of

chemotherapy, radiotherapy or observation alone, and 5 year OS is still >80%.[9] In LMIC,
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treatment is dependent on accurate diagnosis of tumors, surgical expertise available,
proximity and availability of local chemotherapy and/or radiotherapy, and sometimes on the

ability of t ily to pay for such treatment.

 EE—
The optimhent for tumors that are not amenable to surgical resection remains
controver option for small tumors, and especially for children with NF1, is to
observe cmm magnetic resonance imaging (MRI) scans, but this strategy is dependent

on the ava:and access to imaging facilities.[10] In a study of 128 NF1 patients with

incomplet cted LGG, 58% had no evidence of recurrent/progressive disease 7 years

after diagngsis.[l 1] Another prospective trial of Children’s Cancer Group (CCG) and

Pediatric my Group (POG) in 660 children reported a 5 year PFS of 45% for those
Wi

children dual tumour.[12] Initially, radiation therapy was used as a single treatment

modality EoEectable midline or progressive tumors and PFS was in the range of 60-80%
[13]. iation may cause significant toxicity such as cognitive impairment,

cerebral Vsculopathy, endocrine dysfunction, hearing loss, and secondary neoplasms [14],

especially 1 young children and those with NF 1. As a result, most co-operative groups
in HIC reﬂd the use of chemotherapy first-line and reserve radiotherapy for

progressi! disease and older children (currently 8 years of age in Europe and 10 years of age

in Nortm with non NF1-related LGG. Whether treating multiple relapses with

sequential erapy is superior to primary radiotherapy with respect to late effects is
unknown. In , the age for considering radiation varies according to resources,
compli availability of treatment modalities.
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Since children with LGG have a high probability of long-term survival, limitation of late

effects is important.[15] This is even more critical in LMIC where access to supportive care

{

may be lim r even non-existent.

Crl

There are allenges in treating children with low grade gliomas in LMIC. This

document to provide guidelines for treatment of these children and details the

minimum [feqiiirements considered necessary for comprehensive care.

Us

SIOP PO recommendations

3

The Inte Society of Pediatric Oncology (SIOP) has a committee named Pediatric

d

Oncology 1 eloping Countries (PODC). The SIOP PODC Adapted Treatment Regimens

Working roduces recommendations for the management of childhood cancers in

\'l

LMIC by the World Bank and guidelines for implementation and continuous

quality improvement based on local outcome data.[16] Service levels describing facilities and

I

personnel ¢ for the care of patients with LGG are defined in Table 1. Service level 1 is

O

the minim g for surgery and chemotherapy and level 2 for radiotherapy.

th

Methods

U

A multi-disci ry writing group was formed of neurosurgeons, radiation and pediatric

oncolo edical physicist and neuroradiologists with experience in managing children
with LGG in a LMIC setting. The recommendations were then circulated widely and
7
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discussed at SIOP PODC meetings. The guidelines were ratified by the SIOP board. Online

meetings were hosted by the Cure4Kids website (www.cure4kids.org).

{

Details ofmre search are provided in Supplemental Appendix S1. There is limited

literature in the treatment of LGG in resource challenged countries and inferences have been
 EE—

3

drawn fro in HIC.

In an attdmpt explore available neuro-oncology resources in LMIC we conducted a

C

qualitativ ey of 8 referral centres in Africa, Asia and central America during April and

S

May 201 e survey highlighted the following issues. Most patients initially present to

Lk

neurosurg ose expertise varies. There is a low rate of referral after surgery, amounting

to an averfgge of 5-10 patients per year (5% or less of all new childhood cancer patients in

A

most of t res). Computed tomography (CT) scans are generally available, and MRI

d

for some pati who often have to pay out of pocket. There is no specialised pathology, no

capacity to e and reports usually take 2-4 weeks. Most centres have onsite radiotherapy

\

with p ing 4-8 weeks to get to treatment. Most sites have a generalist radiation

oncologist, but nearly half still have 2D planning and cobalt only. All centres have access to

[

chemothera ut lomustine and temozolomide are seldom available. In most centres there is

no multid discussion at diagnosis or after surgery, and tumour boards for pediatric

O

brain tum@fs are very rare. Supportive care drugs, palliative teams and telemedicine support

h

are widely available. Most have access to pituitary hormonal testing, and many have

{

endocrinogccupational and physio-therapy are available in some cases, as are

wheelchairs. Few _centres have access to hearing aids and there is little or no access to special

gain, cost is a big limiting factor. Almost nobody has access to an educational

psychologist for school placement.
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{

Treatme @ lines

Cri

Place of Treatment

Children Withi¥low) grade glioma should be treated in a centre that has both the facilities to

S

diagnose them (Table 2 describes the setting suggested for different modalities of

8

treatment ildren and young people with LGG) and the experience of treating a number

of these chilldren each year. Consideration should be given to referral of these children to a

1

regional o 1 centre with more expertise as this may offer a survival and outcome

d

advantage.[ 18] This includes neurosurgical expertise, as it has been shown that outcome is

linked to the er of procedures performed, [19, 20] centralised and expert pathological

IV

review expert neuro-radiology [22]. It is our view that all LGG cases presenting at

hospitals gefined at setting level one and two, should be discussed at a regular meeting or

[

teleconfere ith more experienced colleagues. In this way, capacity-building occurs in all

O

settings, a an be assessed and discussed. High risk cases can then be referred and

standard rigk cases may be designated to remain in level 2 institutions, under guidance from

i

the reg 1 centre.(see table 2)

{

Diagn

Au

Presentation
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The first and critical step in the management of children with LGG is accurate diagnosis.
Presenting signs and symptoms may be non-specific and are dependent on the site of the
tumor and t esence or absence of raised intracranial pressure. Visual deficits ranging
from nyst isual field defects and blindness are common for optic pathway tumors,
and seizurgs and motor deficits for supratentorial tumors. Several factors contribute to

delayed d@in countries with limited resources.[23] These include the traveling

distance to al centres, financial barriers and lack of radiological facilities.

Radw

Radiologi:ing is a cornerstone in the diagnosis of pediatric brain tumors. CT remains

(level 2 raiology) the most widely available imaging modality around the world and is vital

q

in diagnosmassessing brain tumors, scans should include both pre and post contrast

views. If availaB¥e, multi-planar reconstruction is particularly helpful in evaluating certain
tumors ronal plane for HCLGGs and sagittal plane for tectal plate low grade

(fore®
glioma . CT lacks the resolution of MRI and may not provide the necessary detail

to confidegtly differentiate LGG from other tumors. MRI (with and without contrast) also

confidenc iagnosis and can provide important additional information, such as

provides aﬁ features such as diffusion imaging which may increase the level of
relationshs of tumour to visual pathway or surrounding blood vessels. Spinal metastatic
disease m* be sgen in up to 10% of children with LGG, if possible an initial spinal MRI
should be ged. Table 3 describes the suggested MRI sequences for imaging pediatric

LGG. However, choice of imaging modality in the context of LMIC will depend on

availab “ﬂ | potential for surgical resection.

10
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There is a large variability in expertise available for interpreting the imaging of pediatric
brain tumors. The radiologist should be part of a multi-disciplinary team (MDT) involving

oncologist, ﬁsurgeon and pathologist. Where an on-site meeting is not feasible due to

logistical a virtual MDT can be operated through electronic media.[24]
Radlologlss may also benefit from networking with sub-specialists such as pediatric

radiologiswro-radiologists for particularly difficult cases.

2,
-

Biopsy sh onsidered for children with unresectable low grade gliomas where there is
a doubt wi to diagnosis. Certain tumors such as HCLGG and tectal plate

gliomas Wmliably diagnosed on imaging alone. Where diagnosis is uncertain, it is vital
that thques @able pathological service (preferably level 2 or above for pathology — see
Table 2) to accurate diagnosis. Molecular testing is not necessary to make a definitive

diagnosis. For those tumors where the diagnosis is in doubt, a second opinion can be obtained

via remot&ﬁthology systems or the specimen sent to a centre with appropriate expertise.

Visua ssment

8

Visual asissment is vital both in terms of deciding when to treat and as a monitoring tool

during Wr optic pathway LGG. Accurate visual assessment is always difficult in
younger cgl‘[ 1s important to have a consistent approach, as visual deterioration may be
the deciding factgr in commencement of treatment.[25] It is worth noting that visual
deterio¢occur in children with NF1 without any evidence of tumor growth and also
that treating such a tumor may not result in arresting visual deterioration.[26]

11
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Decisi

ipt

In a groupgpf tumors where the potential for survival is excellent, treatment must be directed

towards i g quality of life by minimising late effects. The decision to use adjuvant

c

treatment, a ich treatment to offer should take into account the extent of resection, age

S

of the chil caffon and size of tumour, NF1 status, endocrine function and visual acuity.

Many incompletdly resected tumors without evidence of endocrinopathy or visual

U

deteriorati e managed expectantly. Observation of incompletely resected posterior

I

fossa pilo cytomas and optic pathway gliomas, especially in NF1 patients, should be

the rule raghe the exception.

a

M

Althou apy appears to demonstrate better PFS than chemotherapy (not in

randomisga trials) there is an increasing awareness of late neurocognitive toxicity in children

[i

who receiy, jotherapy to the brain with a result that chemotherapy has increasingly been

O

used in yo ildren as first line treatment for subtotally resected LGGs. Radiotherapy is

usually re§erved as salvage in patients who progressed after primary chemotherapy [13]

g

althoug n 50 % of children with LGG will progress after chemotherapy[33, 34] and

{

thus children ma¥still require radiotherapy at some time. What however is still unclear is the

U

degree of neur nitive dysfunction attributable to chemotherapy alone and concerns have

been r: t delaying radiotherapy with multiple courses of chemotherapy may increase

A

visual and neurocognitive morbidity. It is also not known whether treatment with
12
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radiotherapy after first line chemotherapy is as effective as primary radiotherapy. Some
postulate that chemotherapy may render these tumors more radio-resistant whereas others
suggest that ubset of tumors progressing after primary chemotherapy may be more
aggressiv isghowever no report showing a difference in PFS between patients
receivir’g mrapy as primary treatment or those irradiated after tumour progression post
chemotherapy.[®#g] It is also important to take into consideration the ability of a family to
remain com with multiple protracted chemotherapy regimens and may play a role in
LMIC th’ children live far from oncology centres. Therapy in such cases must
therefore be mndigdualised through discussions with the family and MDT. (see Figure 1 for

proposed &atment pathway and Table 2 for settings in which varying treatment

options m

The mainElerefore, is the timing and sequencing of the modalities of treatment.

Our reconsendation is that observation alone is the preferred approach and that radiotherapy

posed)

should be as far as possible in all patients but especially those with NF1. Where
treatment is cated in children under the age of 8 years, they should receive chemotherapy.
After t@tment choice can be individualised, keeping in mind that radiotherapy has
better pwfree survival, but will still cause additional unwanted late effects especially

in centres where iivanced radiotherapy techniques are not available.

<
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Surgery

LGG cWheterogenous group of tumors. Surgical management of LGG is guided by
anatomic n, demarcation on imaging, and histology. The following observations
apply: Surgical expertise in resection of challenging tumors is essential. Most children will be
pply & % p ging

long termWrs, so surgical morbidity must be minimised. Decisions about surgery

should beffmade # an MDT, and resection of challenging tumors should be undertaken only

C

by experimrgeons in a referral centre (see Table 2), and preferably not by generalist

neurosurgeonts Without specific expertise. Infrastructure and equipment, which maximise

J

surgical safety agél determine the ability for aggressive safe resection may not be available in
LMIC. If e resection of such tumors is contemplated, children should be referred to
a regional centre of excellence (see Table 2). If neither surgical experience nor the necessary

tools are ag@ai then the MDT may consider alternative treatment modalities.

Man

There are some principles, which apply to certain typical subgroups of LGG:

r

LGG in h ric sites are usually surgically curable, depending on location. Complete

resection 1 chieved by most trained neurosurgeons although incomplete resection does

not neces quire further therapeutic intervention. These children may present with

seizureS, which often resolve after tumour resection.

Cerebellar EumorSre often resectable and curable, but may be challenging. Even in the context of

, these tumors do not necessarily require additional treatment and in this situation

14
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HCLGG are difficult to manage surgically, with a high risk of morbidity including hypothalamic
damage, endocrine deficits, visual deficit and/or neurological impairment. Chemotherapy and/or
radiotheMaeprecedence initially, although in centres with expertise and tools, meaningful
debulking @ e with acceptable risk in selected tumors. Usually, surgery is limited to biopsy

where necessamymiMany of these tumors have a typical radiological appearance and may not require

diagnostic hxrgery.

Focal brainu\ors are potentially amenable to resection but this is unusual and the risks are high.

For tectal Iw)rs, biopsy is usually unnecessary and outcome is usually good, however children

often presjydrocephalus and will frequently require a CSF diversion procedure. Definitive

treatment i ced only for documented progression.

Spinal corms are potentially curable surgically but resection should be considered only

where equand considerable expertise allow (usually level 3).
Severaztory or infectious conditions prevalent in many LMIC can mimic LGG

tumors(18) and must be considered in the differential diagnosis. If possible, preoperative

MRI may elpful in distinguishing between these and neoplastic conditions and in
determini er biopsy is necessary. Difficult cases are best discussed with experienced
regional eagues (level 3 and above). If expertise and infrastructure are not available

locally, pagients should be transferred to an equipped regional centre if possible.

Chemotherapy

15
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Chemotherapy has proven efficacy as an alternative to radiation in unresectable or

incompletely resected tumors. During the last decades, several chemotherapy regimens have

s

been report 7-31] The results of these experiences are relatively similar, with 5-year
PES in th -50%.

 EE—
The choic@ optimal regimen is still controversial. Since children with LGGs have
prolongedwl, long-term toxicities should influence the choice of chemotherapeutic

agents. [3:randomized study, the Children’s Oncology Group (COG) compared the

vincristin carboplatin regimen and the TPCV combination (thioguanine,

procarbazENU and vincristine) in non-NF1 children younger than 10 years. The 5-year
PFS and e whole group (274 children) were 45% and 86% respectively. Despite a 5
year PFsm 4% for the vincristine-carboplatin regimen and 52%=+5% for the TPCV
regimen, t wbfcrence was not statistically significant. The toxicity however appeared to be
greater V group.[33] In a HIT-LGG 1996 study of 216 patients given vincristine/
monthly c@in, 5 year PFS was 51%.[34] The use of the carboplatin-based regimen has
been limite he development of carboplatin hypersensitivity in up to 40% of patients.[32,
32, 35, 3bdely used alternative i1s monotherapy with weekly vinblastine, which has
been usmﬁothafter carboplatin allergy and for progression or even as first line treatment.
[37] TWO offer similar results (42.3% 5 year PFS) but has the disadvantage of

requiring mintravenous therapy for a year which may not be feasible for families or

centres in

Monthly ¢ tin monotherapy was recently reported as an alternative to multidrug

regimens. However, in this report, the number of children with NF1 (32%) was higher than in

16
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other studies and younger children were excluded (treated with a separate protocol).[38] The

5-year PFS rate for HCLGG was lower than for comparable multidrug studies (34%). Other

{

P

regimens 1 e vinblastine and carboplatin (feasibility study) [39], vincristine and

dactinom % 3 year PFS][27, 28], single agent temozolomide [40](49% 2 year PFS),

]
bevacizumab and irinotecan (Pediatric Brain Tumor Consortium) (6- month and 2-year PFS

[

of 85.54%gandm7.8% respectively but with the vast majority of children progressing after

C

the combi was stopped thus requiring maintenance therapy).[41] Several of these

S

drugs are expensive and not available in most LMIC.

Based on the avallable evidence, its widespread use and the ability to deliver chemotherapy

J

reliably 1 setting, vincristine and monthly carboplatin are recommended as first line

1

treatment. This treatment regime is shown in Figure 2 and Table 4. In the case of carboplatin

a

allergy as or second line chemotherapy weekly vinblastine is recommended at a dose

of 6 m

E

It is important to observe and record chemotherapy toxicity and use this information in

deciding @ dose modification or omission of certain drugs or courses is necessary. This

is best done by using the Common Terminology Criteria for Adverse Events (CTCAE)
gradin@tps://evs.nci.nih. gov/ftpl/CTCAE/CTCAE _4.03_2010-06-

14 OuiMwe 8.5x11.pdf)

-

17
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During treatment, an early response assessment with MRI after three months can be

confusing, since pseudoprogression has been reported. Treatment response to chemotherapy

{

1s therefore mended after 26 weeks.

P

 EE—
Radiothe@
Radiothera ; I is generally accepted as the most effective treatment modality for
treatment sectable or partially resected LGG with 10-year PFS in the range of
80%.[42@ is similar to gross total resection[45, 46]. For partially resected LGG,
adding RT a PFS improvement of approximately 40% when compared with children
who do nofge post-operative radiotherapy. However this benefit does not extend to
overall S), which is > 90% in most series.[47]
In case iotherapy is the treatment of choice as defined by the MDT, and because

most chiltn will survive LGG, every attempt should be made to minimise side effects.
There are Uechnical considerations which must be considered even in the LMIC
setting. Th

ude delineation of targets and organs at risk using adequate imaging, the

use of 3-Diplanning techniques, and verification and accuracy of dose delivery through

|

approp ilisation, treatment imaging and dose verification.[48]

ut

strongly recommend that the minimum requirement for radiotherapy is

conformal radiotherapy where a CT- based 3-D technique is used for treatment

18
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planning. This allows a conformal dose distribution around the tumour, providing better
normal tissue sparing than 2-D treatment). Although additional conformality can be achieved

with sophisticated techniques such as Intensity modulated radiation therapy (IMRT),

[49] steremiation techniques, [44, 50-52] or proton therapy [53] these are seldom
availabl-e Jsm and the exact benefit of these techniques in terms of late effects is unclear.
Conformalg-Dmgdiotherapy is adequate to irradiate almost all LGG with a good dose
delivery argtable toxicity if advanced techniques are not available. Although 3-D
conforma isghost commonly delivered by a linear accelerator, according to DIRAC
2017, 37.5% ot lgw and middle income countries still use cobalt units. (Figure 3) Cobalt-60
machines s nly be used for the treatment of LGG when 3-D planning with image-based
position V&n is available. Simple 2-D treatment plans based on X-ray simulation
should nom as this technique delivers wide fields, usually treated with parallel

oppose aning that large volumes of normal brain are treated to high doses.
Accurate tu nd organ at risk (OAR) delineation is not possible. In centres with 2-D

planning and cobalt machines, every effort should be made to transfer the patient to a better

equipped fadiotherapy centre. (Figure 4)

O

Treatme! planning
Imagin#

For radiotJlanning purposes, CT scans are used for 3-D planning target delineation.

he immobilisation device and CT scan determines the accuracy of the target

and organ-at-risk'lelineation. A well-made mask/cast is critical. For younger children (<6

19
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years) this requires sedation or general anaesthetic in order to minimise movement. If the

tumour takes up contrast (e.g. JPA) then intravenous contrast should be used for the planning

ailable, then many 3-D planning systems do allow registration of MRI scans

CT and MRI which allows more accurate contouring and this is

recommerSed.
Defining met volumes

Target vol defined according to International Commission on Radiation Units and

Measure RU) report-50 definitions.[54] If the patient has undergone prior surgery,

then targeg;hneation is based on post-operative imaging.

For W e 1 tumors (JPA)
GTV (Gross tumour volume) = any cystic and/or solid tumour as viewed on CT/MRI.

CTV (Clin&et volume) = 5-10 mm margin around GTV. This margin takes possible

uncertainour extent into account but should be modified at any geographical

boundarie ne, falx, tentorium cerebelli as LGG tumours do not infiltrate these.

IfCT aloi is u’d for delineation, then the area at risk may be less obvious than with MRI,

and a Widw of 10mm is necessary. [13]

<
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PTV (planning target volume) = 5-10 mm margin around CTV. This margin accounts for set

up error and depends on the quality of the immobilisation device, the accuracy of

radiotherap ipment (e.g. gantry, couch and lasers) and the ability of centres to perform
portal ima&ometric verification during treatment.[13, 49] For centres without

N _ . ,

regular pogtal imaging for verification, the PTV margin should not be less than Smm, and

where them doubt as to any of the accuracy measures above, then the PTV margin
S

should not than 10mm.

Organs at wAR) should be identified and delineated, with every attempt made to limit
critical structuresio the minimum possible dose. Critical structures in close proximity to the
target sho

e assigned a PRV (planning risk volume) with the same margin as used

for PTV.

dali

There are vag idelines outlining suggested dose constraints for organs at risk.
QUANTEC guidelines (Quantitative Analyses of Normal Tissue Effects in the Clinic) are the
most wid sed.[55] These guidelines are based on toxicity data from adult patients and do

not neces ect the radiobiology of the tissues in children. Currently, a collaborative

€]}

group of phzsmlans, physicists and epidemiologists are developing PENTEC (Pediatric

Norma

=

)

Treatmgluation should include a conformity index(CI)[48]where:

This article is protected by copyright. All rights reserved.

ects in the Clinic) which is intended for use in children.
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The conformity index should be as close to 1 as possible. For CI’s > 1.25, as in the case of 2-

D planning, it implies that an unacceptably high volume of unaffected adjacent normal brain

s, weed

tissue is recgidng a high dose, and an alternative plan should be used.

I
Radiothera ose

Although a dos¢/ response relationship has been investigated in adults, no such prospective
randomismave been conducted in children. Small series show heterogenous dose
distributicﬁ, WIEE prescribed dose being influenced mainly by the age of the child, and site of

tumour. hms however, have used doses ranging from 45- 54 Gy in 1.8 Gy per fraction.

In HIT L al,[34] no difference was observed between a total dose of 50.4 Gy and 54
Gy an s been confirmed in other studies.[49] 50.4 Gy in 1.8Gy per fraction is

therefo recommendation on current studies, with doses less than that(45Gy) reserved for

younger children (< 5 years of age).
Qualit)ﬁé
Thisisa $tlca Wpect of any radiotherapy program. Any centre treating children with brain

tumors to :i)ses should have a treatment planning system verification program

according ationally recognised protocols (IAEA). In addition, both dosimetric and

geome{tion of treatment is required. [56] Machine calibration should be 2-3% of
expected dose and appropriate treatment and position verification be in place in order to
22
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ensure treated dose is within 5% of the prescribed dose. Institutional set up error is accounted
for with a relative expansion margin used for PTV. Quality of casts, lasers and imaging all

play a role

Ipt

[
Grade II oma
Grade 1II ast oma is less common in children than adults but has a much better prognosis
than its a terpart.[34, 57] The outcome for this tumour in children is variable with

some trials sho§g a distinctly worse outcome than for pilocytic astrocytoma, [21, 58] but

other studﬁing no difference.[30]

For plann ses, these tumors are difficult to see on CT as they often do not enhance,
and are de Itrative. They are more easily visualised on MRI (T2 or FLAIR sequences)
and the are better planned using this technology if available. A larger CTV(1-1.5cm)
may b ired.

LGG witeningeal dissemination

This occu roximately 5% of pilocytic astrocytoma.[59] Although strong supporting
evidence for use @f craniospinal irradiation (CSI) in this group has still to be defined, [60] it

is frequen:wnh some demonstrated benefit if there is a failure of chemotherapy.[52]

Relapsﬁion
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RepeatWro gressive disease in children with LGG is common in incompletely

resected/ ble tumors. Children whose tumour involves the optic tract, those with

multifocal tumors, those below 1 year of age and/ or those with evidence of dissemination at
I

initial diaMnd to have a higher rate of progression than those with a single lesion.[34,

61, 62] < )

It is not always e;y to determine whether progression or relapse should be treated
immediatt:so, which modality to use. Each treatment decision in childhood

LGG nee iscussed amongst the multidisciplinary team. This should follow the same

process al presentation. Relapse of progression is determined by a 25% increase in
the tu red by the sum of the product of the 2 largest perpendicular diameters of
each target legi@#) or by a combination of deteriorating visual or neurological signs in
conjunction with radiology. Currently the RECIST criteria are most commonly used for
radiologic&assessment. [63] The criterion for 25% progression as an indication for treatment

@

Care should be taken to ensure that changes related to treatment, especially post radiotherapy,

should not ied to cystic progression which may require separate surgical intervention.

are not osis. This may require surveillance and/or biopsy of the lesion. [64]

ut

Surgical resectigm without significant morbidity remains the treatment of choice for
surgica’ ssible tumors such as cerebellar astrocytomas.[65] Other treatment choices
should follow the same guidelines as above for first diagnosis, although if radiotherapy has

24
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not been used before then this may also be considered. If the child has already had

radiotherapy, then chemotherapy is recommended. If chemotherapy is used, then the

{

chemothera imen chosen should generally be different to the previous regimen, The

recommeﬁns are as above. Re-irradiation is not considered routine for children
.. ——

with LGG,

Late effedts of tréatment

USC

Late effecf§ may occur as a result of the tumour or of its treatment. Important determinants of

£

late effects site of tumour (cerebellar, cerebral, midline, or brainstem), modality of

treatment (surgical complications, type of chemotherapy given and whether

a

radioth as used) and recurrence. Detailed clinical examination, including neurological,

ophtha nd growth/ pubertal evaluation, is the corner stone in early recognition and in

M

determining the need for further investigation. Monitoring TSH /T4 every 6 -12 months is

encourag ct subtle hypothyroidism.

nor

Late efj st managed in a multidisciplinary setting and with access to a pediatric

t

endocrinofogist (level 3), but this is seldom available in LMIC. Table 5 lists the most

common late effg@ts seen in children with LGG and a suggested management approach.

el

Where lo rtise is not available, it is advisable to seek regional help. However a high

A

index of sus is critical in order to correctly test for endocrine abnormalities, and

relatively simple endocrine replacement may be life-changing. If necessary, expert opinion
25
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may be accessible through teleconferencing with a regional centre or a twinning institution.

Guidelines such as the Childrens Oncology Group Survivorship Guidelines may be a useful

resource — .//survivorshipguidelines.org)

The freqUh surveillance is partly determined by the availability of local facilities,

especially'§ i#flg. For completely resected lesions it is recommended that imaging is

performery for 2 years and then yearly for up to 5 years. For incompletely resected

tumors thj should be imaged 6 monthly for the first two years and then yearly for up

to 10 year$* mors affecting vision, imaging should also be accompanied by standardised

ophthalmdlogical assessment. Clinical assessment for late effects as outlined in table 5 should

q

be undert e time of imaging.

d
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Legends

T

Figure 1. @ gram of suggested management strategy for children with low grade

glioma§¥i V@

Presumed LGG

!
Surgical resection possible
Yes —

Appropriate facilities to operate safely

No
vet
No |
} . Complete resection 1. Biopsy dependant on atypical
Refer to appropriate / features and/or site (eg OPG or
centre tectal plate may not need biopsy.

Yes 2. Consider adjuvant treatment
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/ \ 1 If indicated
NF1

—

Observation Small Large
residuum residuum . / T~ Yes
Observe with l
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Consider chemotherapy or radiotherapy Treat with chemotherapy
depending on age, site, NF1 status, risk  if further threat to vision.
of further neurological compromise or  Avoid radiotherapy

loss of vision and likely treatment Refer if unsafe to deliver
compliance. Refer if unsafe to deliver  chemotherapy
chemotherapy

Figure 2. semotherapy protocol for vincristine and carboplatin for 1* line chemotherapeutic

treatment rade gliomas in LMIC.
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Figure 3. A comparison of cobalt and linac machine availability in LMIC in 2010 and 2017.
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Figure 4. Comparative dose distribution of 2-D (A) vs. 3-D conformal(B), vs. VMAT(C)

radiotherapy for JPA of optic pathway.

T
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Table Legends

Gl

Table 1. Iafr tural and personnel service line levels for selection of SIOP PODC adapted

al

treatm s for Low Grade Glioma.

M

Table 2. Tgeatment guideline for LGG in LMIC according to setting.

f

Table 3. S MRI sequences for imaging pediatric LGG.

tho

Table 4: Details @f Administration and side effects of Vincristine/Carboplatin and Vinblastine

t

Therapy.

A
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Table 5. Late Effects related to tumour and management of Low Grade Gliomas.

Supplewpendix S1. Literature Search Strategy

O

Table #. IAfF@StFuctural and personnel service line levels for selection of SIOP PODC

adapted t regimens for Low Grade Glioma
Service ‘ Lev’ 0 Level 1 Level 2 Level 3 Level 4
Paediatric fil@project | Some basic Established Paediatric Paediatric
cancer unit oncology paediatric oncology oncology
description services oncology program with all | centre of
program with | essential excellence
(multidisciplin most basic services and with all state-
ary team services and | most state-of- of-the-art
operates at ally afew state- | the-art services | services and
levels) of-the-art some highly
services specialized
services (e.g.
proton beam
radiation
therapy,
MIBG
therapy,
access to
phase |
studies)
Typical LIC in larger | Lower MIC in | Upper MIC in Selected
settings vantag | healthcare larger larger healthcare | tertiary and
as centres, healthcare centres, Most quaternary
lower MIC in | centres, centres in HIC care centres
disadvantage | upper MIC in in HIC
d areas disadvantage
d areas
Medical facilitig
Ward Basic Paediatric Paediatric Specialized
ediatric paediatric oncology unit | oncology unit paediatric
o) ogy oncology available to with a full oncology
unit service most complement of units for
40
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available to patients; fixed staff and particular
some isolation available to all groups of
patients rooms patients; patients (e.g.
usually isolation rooms | transplant,
available for | always available | neuro-
infected for infected oncology,
patients patients acute
[ ] myeloid
leukaemia)
Diagnosis, stagihg aand therapeutic capabilities
Pathology e Microscope, | Limited Complete Research
H&E staining, | immunohisto- | immunohisto- diagnostics,
CSF cytology | chemistry chemistry panel, | whole
panel molecular genome
(disease- pathology for sequencing,
specific), most diseases molecular
Cytospin for pathology for
CSF samples all diseases
Diagnostic ‘ Radiographs, | CT scan, Magnetic Specialized
imaging ‘ ‘ ultrasound Bone resonance imaging;
scintigraphy, | imaging. advanced
o Gallium nuclear
~ scintigraphy | PET-CT and medicine
MIBG may be applications,
o available PET-CT and
MIBG
diagnostic
Antineoplastic esstoa | Accesstoa Access to Access to Access to all
availability limited almost all almost all approved
tion of | selection of essential commercially drugs, plus
ogy oncology oncology available drugs; | phase | and
drugs drugs;* rare shortages | phase Il
occasional studies
shortages
Radiation Cobalt Cobalt Linear Intensity-
therapy source; 2D source or accelerator; Full | modulated
facilities planning Linear conformal radiotherapy.
accelerator; therapy Proton beam
2D or some available. facility
3D planning. | Intensity-
Ability to modulated
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deliver radiotherapy
treatment on | frequently
at least 4 available
days per
week.
Personnel
Oncology team rimary Primary care | Primary care | Paediatric Paediatric
leader provider with | provider with | oncologist or oncologist
cians interest in paediatric medical with highly
or oncology oncology oncologist with disease-
er and experience or | significant specific
other some paediatric expertise
ses training, experience or
medical training
oncologist
without
paediatric
expertise
Oncology unit staff | Afew Generally Full complement | Full
medical, bers oncology adequate of oncology complement
nursing, and basic personnel numbers of physicians; of oncology
pharmacy st@f g with some oncology specialized personnel,
oncology personnel; oncology including
training; consistent nurses; specialized
trainees supervision pharmacists with | physician
responsible of any oncology extenders
for many trainees training (e.g. nurse
aspects of involved in practitioners,
patient care patient care hospitalists)
Surgery and rgeon | General Paediatric Paediatric Paediatric
surgical surgeon or surgeon or cancer surgeon | cancer
subspecialties 1 adult subspecialty | or paediatric surgeon or
relevant for subspecialty | surgeon subspecialty subspecialty
each cancer surgeon (neurosurgeo | surgeon surgeon with
(neurosurgeo | n, (neurosurgeon, | highly
n, ophthalmolog | ophthalmologist, | specialized
ophthalmolog | ist, other) other) disease-
ist, other) specific
expertise
Pathology No Pathologist Pathologist Haematopatholo | Pathologist
available for | available for | gist and with highly

This article is protected by copyright. All rights reserved.

42




pathologist | some cases all cases paediatric specialized
pathologist disease-
available specific
expertise
Radiation Radiation Radiation Radiation Paediatric
therapy therapists therapists therapists with radiation
with adult with some paediatric oncologist
expertise paediatric expertise with highly
experience specialized
disease-
specific
expertise
Radiology Radiologist Radiologist Neuroradiologist | Neuroradiolo
with adult with with adult gist with
expertise paediatric expertise paediatric
expertise expertise or
full-time
paediatric
neuroradiolog
ist
Table 2. nt guideline for LGG in LMIC according to setting
Service evel 0 Level 1 Level 2 Level 3 Level 4
Paediatric Pilot Some basic Established Paediatric Paediatric
cancer unit ject oncology paediatric oncology oncology
description services oncology program with | centre of
program with all essential excellence
(multidisciplinar most basic services and | with all
y team operat services and a | most state-of- | state-of-the-
at all levels) few state-of- the-art art services
the-art services and some
services highly
specialized
services
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(e.g. proton
beam

radiation
therapy,
MIBG
therapy,
access to
[ ] phase |
studies)
Role in Diagno GGis | IfLGGis Radiological If difficulty in Feedback to
of tumours pected | suspected diagnosis and | being certain referral
(Pathology and ferral or | referral or pathological of the centre of
Radiology) cussio | discussion diagnosis of diagnosis cases, this
ith a with a level 2 | straightforward | either may be the
el 2 or | or3unit cases (e.g. radiologically, | pathological
nit posterior fossa | pathologically | specimen
pilocytic or both and/or
astrocytoma). | referral to radiology.
level 4 centre.
Equivocal
cases should
be discussed
with the
referral centre
in the monthly
teleconference
, and the the
radiology or
pathology
specimen then
referred to
level 3 if
necessary.
Role in managi Palliative | Role as a Management Management | Managemen
LGG care for satellite centre | of of all LGG t of referred
ry to a central straightforward | cases. Cases | cases from
anced | referral LGG cases. with specific all levels.
ours hospital. Referral of needs could
difficult cases if | be referred to | Feedback to
possibletoa | alevel 4 referral
All cases level 3 or 4 centre if centre.
should be centre resources
referred for Initial permit.
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initial assessment Co-ordinate
management | and and distribute
to central management national
referral planning of all | protocol for
hospital.(Level | referred cases. | management.
2 or level 3)
Management
- Monthly according to
meeting of TC | national
to discuss protocol. Co-ordinate
cases. monthly
Monthly meeting
meeting or TC | teleconferenc
to discuss e with level 1
cases. or 2 satellite
centres to
discuss cases.
Resectable ne Surgery will Surgery is Most Surgery | Referred
tumours be done at determined by | will be cases only
referral centre | the experience | undertaken at
of the local this level.
Follow up neurosurgeon. | Referral from
scans could levels 1 and 2
be done at All cases that will be
this centre but | are being undertaken.
require considered for
reporting and | surgery at level | Highly
discussion at | 2 should be complex
central referral | discussed with | cases
hospital the referral requiring
centre in the specific
monthly expertise may
teleconference | be referred to
. High risk level 4 if
surgeries available.
should NOT be
undertaken
and should be
referred to
level 3 where
an
experienced
paediatric
neurosurgeon
45
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is available.

Unresectabl
tumours

:

Chemotherap
y decision and
initiation
should be at
central referral
hospital.

Subsequent
chemotherapy
could be done
at this centre
with advice
from central
hospital. 26
week review
should take
place
centrally.

No RT

Follow up
scans could
be done at
this centre but
require
reporting and
discussion at
central referral
hospital

Chemotherapy
decisions and
initiation
should be
undertaken as
per agreed
national
protocols.

RT decisions
may be made
at this level.
Patients
receiving RT
MUST have 3-
D planning and
a QA program
in place.

Referral of
difficult RT
cases to level
3.

Follow up
scans done at
this centre.

Chemotherap
y decisions,
initiation will
be
undertaken.

RT will be
undertaken for
all patients
from level 1
and selected
patients from
level 2. 3-D
planning and
a QA program
is mandatory.

Follow up will
be
undertaken.

Referred
cases only

No follow up
will be done
in these
centres
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None None

Spinal Referred
tumours will
be assessed
and managed

at this centre.

cases only

Spinal tumours None

-
O
2,

Table 3. aed MRI sequences for imaging paediatric LGG:

- -

MRI sequences

Comments

' B N
Minimum ngg nt

T1, T2 (different plane from
T1), post-contrast in three

Provides the basic structural
information about the

(LMIC/MIC!

ho

(LIC/L planes tumour and its extent
Additio ences if FLAIR, diffusion-weighted FLAIR useful for assessment
possible imaging (DWI) of peri-tumoral oedema and

differentiating tumour cysts
from simple cysts, DWI
helpful in differentiating cell-
dense tumours such as
medulloblastoma from
radiologically atypical
cerebellar LGG

Ideally (W

Post contrast spine

LGG can rarely metastasise
to spine

=
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Table 4:

Vinblasti
N

Details of
administration

Side effects

Dose
Modification

CARBOPL

N

550 mg/m2 in 1 hour IV
infusion

Reconstitute lyophilized
powder to concentration of
10 mg/ml with sterile water
for injection, 5% Dextrose in
Water, or 0.9% Sodium
Chloride  Injection.  May
further dilute in dextrose or
sodium chloride containing
solutions to a final
concentration as low as 0.5
mg/mL. Carboplatin
solutions, when prepared as
directed are stable for 8
hours at room temperature.

Aluminum can react with
carboplatin, causing
precipitate  formation and

potency loss. Do not use
needles or IV administration
sets containing aluminum
parts that may come in
contact with carboplatin for
the preparation or
administration of the drug.

Immediate:
Within 1-2 days of receiving drug
Nausea, vomiting

Hypersensitivity reactions*
(anaphylaxis, bronchospasm,
hypotension), constipation,
diarrhea

Within 2-3 weeks :

. Myelosuppression
(anemia, neutropeniia,
leukopenia,
thrombocytopenia),

. Electrolyte
abnormalities (| Na, K,
Ca, Mg)

Delayed.

. Hearing loss
e  Renal dysfunction

For infants less than 10
kg use 18.3 mg/kg. If
under 6 months of age
use a further 33.3%
dose reduction

Give if N> 1.0 x 10%L
and platelets > 100 x
10%L

If delay of > 1 week or
repeated sepsis during
neutropaenia then dose
reduce by 25%

If progressive ototoxicity
at 1-4 kHz > grade Il
omit carboplatin

If nephrotoxicity > grade
| calculate dose
according to the
modified Calvert
formula.

VINCRISRNE

Author Manus

1.5 mg/m2 given as an
intravenous bolus injection.

Vincristine sulfate must be
administered via an intact,
free-flowing intravenous
needle or catheter. Care
should be taken to ensure
that the needle or catheter is
securely within the vein to
avoid extravasation during
administration. The solution
may be injected either
directly into a vein or into the

Immediate:

Jaw pain, headache

Extravasation (rare) but if occurs =
local ulceration, shortness of
breath, and bronchospasm

Within 3 weeks:

Alopecia, constipation

Delayed

For infants less than 10
kg use 0.05 mg/kg. If
under 6 months of age
use a further 33.3%
dose reduction

If peripheral Neuropathy
grade Il or IV then omit
Vincristine and if
neuropathy reverses
then restart at 1.0 mg/m®
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{

tubing of a
intravenous infusion.

running

Loss of deep tendon reflexes

Peripheral paresthesias including
numbness, tingling and pain;
clumsiness; wrist drop, foot drop,
abnormal gait

Difficulty walking or inability to
walk; sinusoidal obstruction
syndrome (SOS, formerly VOD)
(in combination); blindness, optic
atrophy; urinary ftract disorders
(including bladder atony, dysuria,
polyuria, nocturia, and urinary.
retention); autonomic neuropathy
with postural hypotension; 8th
cranial nerve damage with
dizziness, nystagmus, vertigo and
hearing loss. SIADH (rare):

If convulsion or SIADH
occur then omit the
following vincristine, if no
further episodes then
restart at 1.0 mg/m? If no
further episodes occur at
this dose then give
subsequent doses at 1.5
mg/m? .

VINBLAS

uscrip

6 mg/m2 given as an
intravenous bolus injection.

Vinblastine sulfate must be
administered via an intact,
free-flowing intravenous
needle or catheter. Care
should be taken to ensure
that the needle or catheter is
securely within the vein to
avoid extravasation during
administration. The solution
may be injected either
directly into a vein or into the
tubing of a running
intravenous infusion.

Immediate:

Nausea and vomiting, anorexia,
metallic taste, jaw pain

Within 3 weeks:

Alopecia,constipation,
myelosupression

Delayed

Loss of deep tendon reflexes
Peripheral paresthesias including
numbness, tingling and pain;

clumsiness; wrist drop, foot drop,
abnormal gait (rare). SIADH (rare)

IfN<0.75but20.5
reduce dose to 5mg/m?

If N < 0.5 omit dose until
N = 0.75 then resume at
5mg/m?

If persistent neutropenia
reduce dose to 4mg/m?

Once dose reduced no
subsequent increase.

utho# Man

Table 5.

A
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Toxicity Investigation Suggested

Management

Notes

t

EndocrineQ Ideally all endocrine disorders should be
managed by a paediatric endocrinologist or
o — paediatrician with experience in endocrine

disorders of childhood

Patient history, clinical examination including
length, weight and pubertal stage are cornerstone

of endocrine investigations

USCI

Serum Free T4/TSH Oral thyroid hormone

starting dose 50ug per

m”.

Hypothyroi

Round off to nearest
12.5 pg. Dose needs to
be adjusted according

to serum levels.

Man

Osmolarity and sodium Use of oral
level in serum and urine desmopressin

Central Di tes

[

Insipidus
Start as 0.05 mg twice
daily. Dose range is
0.1 to 1.2 mg divided
into 2 or 3 doses,
monitor sodium level

tho

Growth ho

insufficien

Growth chart showing Synthetic growth
crossing of growth centiles, hormone if available.

U

IGF-1 and stimulation The dose needs to be
testing if possible managed by a
paediatric
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radiotherapy

50




Hypoadrenalism
(Adreno

insufficienc

t

scrip

Precocious pubert

u

Delaye

Man

Infertility

[

Early morning (pre-9.30am)
Cortisol Synacthen testing

if possible

Clinical examination, serum

LH/FSH, testosterone or

estradiol

Clinical examination, serum

LH/FSH, testosterone or

estradiol

Clinical examination, serum

LH/FSH, testosterone or
oestradiol, sperm testing
when required or more

specialised testing

endocrinologist.

Hydrocortisone
replacement (7-8 mg
/m?/day in 3 divided

doses)

Triple if unwell,
prednisolone at a
quarter of dose can be
used if hydrocortisone

not available.

LHRH antagonist,
should only be
managed in discussion
with a paediatric

endocrinologist

Substitution of estradiol
or testosterone should
only be managed in
discussion with a
paediatric

endocrinologist

Should be managed by
endocrinologist or

fertility expert.

Visual impa

Autho

poor vision, diplopia

Ophthalmic assessment

(visual acuity and field,

According to the

impairment, e.g. if

Expected with optic

pathway tumours
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with squint

{

fundus examination)

persistent strabismus

may need surgery

Quantify results to
Logmar in order to
obtain comparison at

follow up

Hearing lo

Auditory assessment

Usually permanent,
some may benefit from

hearing aids

Evaluate with use of
carboplatin/ cisplatin

or radiotherapy

Seizures

NUSCrip

Clinical and neurological

Correct underlying

Evaluate if

assessment underlying cause
cause, use of (e.g tumour relapse
antiepileptic drugs /progression or
electrolyte
2 imbalance)
Neurocognitive Neuropyschometric Support at school is This is worst in NF1

[

dysfunctio

(memory,

O

concentrati
processing
usually

predom

th

features

assessment if available

often required.

Specialised schooling
is necessary in severe

cases.

and / or children
treated at <5 years
with progressive
suprasellar tumours

or post radiotherapy

U

Nutritional
(obesit

A

Regular assessment of
growth parameters and
BMI

Advice regarding
proper caloric intake,
regular physical
exercise

Expect with
suprasellar tumours
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Neurologic
sequelae i

ataxia

Clinical examination

Physiotherapy and

occupational therapy

rip

Secondary, o}

s

Picked up on routine follow

up scans or suspicion on

As per tumour type

Expect with use of

alkylating agents or

U

Vascular p

e.g. Arteriti oya-

£

moya dise

clinical examination. post radiotherapy
Clinical and neurological Thrombolytics, Expect with
assessment. Angiography | physiotherapy and increasing age after

(either MRI, CT or formal
angiography) is advised.

occupational therapy,

treat underlying cause

use of radiotherapy,

and in NF patients

Author Ma
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