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ABSTRACT

INTRODUCTION

Posterior fossa (PF) tumours are associated with vasogenic oedema causing symptoms of
raised intracranial pressure. Preoperatively this is managed with dexamethasone. To minimise
steroid related complications, the lowest effective dose should be administered. No

neurosurgical guidelines exist for pre-operative dosing of dexamethasone in PF tumours.

METHODS
A retrospective review was performed of surgically managed cases for patients under 16 years
of age between 2013 and 2018 to ascertain the initial dose of dexamethasone with

symptomatic PF tumours.

RESULTS
Thirty-six patients were identified of which 30 notes were available. Sixteen were male.
Median age was 6 years (range 10 months - 15 years). Twenty-two (73%) were referrals from

DGH and 8 (27%) presented to our neurosurgical centre.

All patients presented with symptomatic PF tumours including headache (97%), vomiting
(93%), gait disturbance (43%), and nystagmus (17%). Four (13%) had papilloedema. Average
initial stat dexamethasone dose was 9.15mg; 0.31mg/kg (range 1mg-16.7mg; 0.05mg/kg -
1.77mg/kg). Stratified according to weight, average dose (and range) was 8.8mg;0.94mg/kg
(Img-16.6mg; 0.13mg/kg - 1.77mg/kg) in those weighing <10kg; 9.7mg;0.66 mg/kg (4mg-
16.7mg; 0.21mg/kg - 1.35mg/kg) in 10-20kg; 12.3mg;0.52 mg/kg (8mg-16.7mg; 0.27mg/kg -
0.73mg/kg) in 20-30kg and 7.8mg; 0.17mg/kg (2mg-16.7mg;0.05mg/kg - 0.39mg/kg) in >30kg
up to a maximum of 16.6mg in any 24h period. These results suggest that dosage was higher
in those children weighing less. PPI was used in 24 (80%) of cases. All doses were reduced

after review by the neurosurgical team and a PPI added.



CONCLUSION

Pre-operative dexamethasone dosing does not always reflect the severity of clinical symptoms
for PF tumours. Guidelines are required to correlate clinical symptoms with a suggested
suitable dose of dexamethasone to prevent overdose and complications associated with
corticosteroid use. We recommend a weight-based regimen as provided by the Food and Drug

Administration. The current advice is for 0.02-0.3mg/kg/day in 3-4 divided doses



INTRODUCTION

Posterior fossa (PF) tumours in children typically present with clinical features of raised
intracranial pressure. In most cases this is as a result of mass effect from the tumour itself
and/or vasogenic oedema effacing the fourth ventricle leading to hydrocephalus.®.
Preoperatively, dexamethasone is utilised to reduce oedema and in turn manage related

symptoms such as nausea, vomiting, headache and neurological deficit?322:25,

To minimise steroid-related complications, the lowest effective dose should be administered.
No national guidelines exist for pre-operative dosing of dexamethasone in children with PF
tumours. Despite a lack of any prospective trial evidence, best practice guidelines for
management of most brain tumours in adults?® suggest corticosteroids be tailored to

symptomatic patients and then tapered slowly?’.

Anecdotal evidence from our unit suggests that initial doses are high in the paediatric
population. This is particularly evident in referrals we receive from district general hospitals
(DGH). Patients who have moderate or severe symptoms may be commenced on an initial
dose of dexamethasone often guided by reference to the British National Formulary (BNF)*°.

In the absence of any current guidelines this dose can be variable.

We reviewed doses of dexamethasone given to children referred to our unit who had a PF
tumour with the aim of understanding current dosing regimens and establishing a standardised

guideline.



METHODS

A prospectively gathered database was interrogated for all PF tumours in children under 16
years of age referred to our unit between 2013 — 2018. Data was collected from patient notes,
the oncall referral database and electronic systems. The data collected included
demographics, referring DGH, presenting symptoms and signs, weight in kilograms (kg), blood
results, dose of dexamethasone prescribed in mg/kg and proton pump inhibitor (PPI) use. All
data was captured using a secure excel spreadsheet. Data is presented using descriptive

statistics. No ethical approval was required.

A retrospective review was performed of surgically managed cases for patients under 16 years
of age between 2013 and 2018 to ascertain the initial dose of dexamethasone with
symptomatic PF tumours. Data was collected regarding demographics, referring DGH,
presenting symptoms, weight (kg), initial dosing of dexamethasone in mg/kg and proton pump

inhibitor (PPI) use.

RESULTS

Thirty-six patients were identified for which 30 notes were available. Baseline characteristics
are presented in table 1. Sixteen (53%) were male and 14 (47%) were female. Median age
was 6 years (range 10 months - 15 years). Twenty-two (73%) were referrals from DGH in
South Wales and 8 (27%) presented directly to our neurosurgical centre.

All patients presented with symptomatic PF tumours including headache (97%), vomiting
(93%), gait disturbance (43%), and nystagmus (17%). Four (13%) had papilloedema on
examination. None of the patients in this cohort presented with life threatening cerebral
oedema or had clinical symptoms that warranted high doses of dexamethasone.

Average initial stat dexamethasone dose was 9.15mg or 0.31mg/kg (range 1mg-16.7mg or
0.05mg/kg - 1.77mg/kg). Stratified according to weight, average dose (and range) was 8.8mg

or 0.94mg/kg (1mg-16.6mg or 0.13mg/kg - 1.77mg/kg) in those weighing <10kg; 9.7mg or



0.66 mg/kg (4mg-16.7mg or 0.21mg/kg - 1.35mg/kg) in those between 10-20kg; 12.3mg or
0.52 mg/kg (8mg-16.7mg or 0.27mg/kg - 0.73mg/kg) in those between 20-30kg and 7.8mg or
0.17mg/kg (2mg-16.7mg or 0.05mg/kg - 0.39mg/kg) in those >30kg up to a maximum of
16.6mg in any 24h period. These results suggest that dosage was higher in those children

weighing less.

PPI was used in 24 (80%) of cases. All doses were reduced after review by the neurosurgical
team and a PPI added if not already prescribed. Doses over the next 24 hours were adjusted
after discussion with the neurosurgical team. Average continued dexamethasone dose over a
24-hour period in divided doses stratified according to weight, average dose (and range) was
8.0mg or 0.82mg/kg (4.0mg-12.0mg or 0.37mg/kg — 1.28mg/kg) in those weighing <10kg;
9.9mg or 0.58mg/kg (2.0mg-24.0mg or 0.10mg/kg — 1.83mg/kg) in those between 10-20kg;
10.6mg or 0.47mg/kg (8.0mg-16.0mg or 0.27mg/kg — 0.78mg/kg) in those between 20-30kg
and 12.0mg or 0.27mg/kg (4.0mg-16.0mg or 0.06mg/kg — 0.49mg/kg) in those >30kg.

We saw no significant fluctuation in average serum white cell count (WCC) 9.9x10/L (range
1.0x10/L — 19.1x10/L) or blood glucose 6.2mmol/L (range 4.3mmol/L — 7.9mmol/L), although
both measurements were taken within 24h of admission. Variations in WCC and blood glucose
are common after administration of dexamethasone?®*. Whilst our results did not demonstrate
any significant change, they remained a snapshot taken at 24h. Perhaps a longer duration of
testing would have shed light on the effects of dexamethasone in this population, clinically,
however, blood tests were not warranted and repeated tests on paediatric patients would not

be deemed ethical.



DISCUSSION

Steroids such as dexamethasone are associated with adverse effects that may manifest
systemically as an increase in appetite, weight gain, cushingoid facies, hypertension,
lymphopenia, hyperglycaemia, depression or other mood and behavioural changes.
Complications are also seen in multiple organ systems including gastrointestinal, endocrine
and musculoskeletal?*?° and these are both dose and duration dependent®*. Furthermore, the
presence of dexamethasone-induced leukocytosis has been shown to decrease overall
survival in patients with glioblastoma multiforme® and the resultant hyperglycaemia seen in
this cohort of patients has been shown to affect overall survival'’. A recent meta-analysis of
8752 within 22 studies, patients has shown that in patients treated with radiotherapy or
chemotherapy for GBM, association with steroids significantly reduced survival (HR=1.54,
95% CI 1.37-1.75; p<0.01) and progression free survival (HR=1.28, 95% CI 1.1-1.49;
p<0.01)?° suggesting that the lowest dose of steroids be used and for the shortest period.
Whilst GBM is a different disease entity to paediatric PF tumours; the long-term effects of
dexamethasone in use paediatric PF tumour populations is unknown and warrants further
investigation.

Patients with posterior fossa tumours who are symptomatic often benefit from short courses
of dexamethasone to alleviate symptoms of raised intracranial pressure and where evidence
is available in the adult population, this is between 4-8mg per day???’. Previous studies? and
a recent meta-analysis?° looking at dexamethasone use in brain tumours and the resultant
demonstrated poor outcome both in terms of overall survival and progression free survival, we

thought the dosing regimen was an important topic to address.

Pharmacodynamics and mechanism of action of dexamethasone
Dexamethasone is standard for management of peritumoural oedema because of its lack of
mineralocorticoid activity reducing the potential for fluid retention®. It is a long-acting

corticosteroid It decreases inflammation by suppression of neutrophil migration, decreased



production of inflammatory mediators, and reversal of increased capillary permeability. It also

suppresses normal immune response.

The mechanism of action of dexamethasone is related to transcriptional and direct effects after
passing the cell membrane and binding to the glucocorticoid receptor. Dexamethasone
upregulates angiopoietin-1 which is known to stabilise the blood-brain barrier (Kim et al.,
2008). It also downregulates vascular endothelial growth factor (VEGF) limiting the capillary
permeability which would otherwise enable vasogenic oedema as well as altering tight
junctions leading to a reduction in the overall permeability of the blood brain barrier.
Dexamethasone also inhibits the production of interleurkin-1 from macrophages associated

with tumours??.

Intravenous administration produces a rapid response, but the plasma concentration is short
lived. Absorption via an oral route is typically between 61-86%’. The metabolism is
predominantly hepatic, and the excretion is renal. Peak serum concentration when given orally
is 60-120 minutes’, IM is 30-120 minutes and IV is 5-10 minutes!®3. Half-life elimination varies
amongst age groups. Typically, in low birth-weight infants it is: 9.2 + 3.3 hours (range: 5.8 to

16.1 hours)® and children 4 months to 16 years: 4.3 + 4.1 hours (range: 2.3 to 9.5 hours)#23,

The variability seen in our results is not unusual. Previous reports® have called for more study
into the effects of dosing dexamethasone and a recent report in adults suggests that lower
doses may be just as effective for managing gliomas as higher doses?. With no available
guidance, many clinicians use guidance printed in the BNF to commence an initial dosing
regimen. However, the dose suggested (16.6mg), whilst appropriate for life-threatening
cerebral oedema, is not required for mild symptoms of raised intracranial pressure where a
smaller, weight adjusted dose would be more appropriate.

Stat doses of dexamethasone are often prescribed and given by local clinicians prior to

contacting the neurosurgical team. Following discussion with neurosurgery, doses are often



refined to a lower level. Our results demonstrate that whilst there is a refinement in the dose
according to weight, there remains a high degree of variability. The dosing regime is decided
on a case-by-case basis and considers the underlying cause being treated, the symptoms and
their severity, and a comprehensive assessment of the individual patient. The need for a more
standardised approach to steroid management in newly diagnosed PF tumour patients is

needed to prevent potential harm.

We found that PPl was not always given. The importance of PPI use with steroids is well
documented in adult patients who are at high risk*. Absence of PPI with dexamethasone is
likely to reflect a deficiency in local protocol. Interestingly, recent guidance from the National
Institute of Clinical Excellence (NICE) suggests that corticosteroids do not greatly increase the
risk of peptic ulceration in low-risk populations including children. Therefore, PPIs are not

routinely indicated for prophylaxis of peptic ulceration in people using oral corticosteroids®

Limitations

There are several limitations to this study. It is retrospective, limited to a small cohort of
patients in a local population group presenting to a single tertiary centre. We did not capture
the full duration of dexamethasone for these patients peri-operatively. This may have provided
more insight into prescribing behaviour and the rationale for it. However, given the absence
of guidelines, we would hypothesise that the perioperative dosing of dexamethasone is likely

to have been equally variable and dependent on the clinical condition of the child.

Recommendation

Guidance from the Food and Drug Administration suggests a weight-based regime for dosing
dexamethasone. The current advice is for 0.02-0.3mg/kg/day in 3-4 divided doses!!. Based
on this advice we suggest using the range shown in table 2 together with the clinical picture.
This is broadly in line with new guidelines suggested by Caruthers et al.* The burden of

disease may dictate a higher dose of steroid and may be used at the discretion of the treating



clinician; however, the suggested guidance would serve to minimise the harmful effects of
large doses in most of the cases that present to local hospitals. A more robust clinical guidance

is required which is likely to be achieved through an expert panel.

CONCLUSION

Pre-operative dexamethasone dosing does not always reflect the severity of clinical symptoms
for PF tumours. Referring clinicians are often guided by the dosing schedule in the British
National Formulary. Guidelines are required to correlate clinical symptoms with a suggested
suitable dose of dexamethasone to prevent overdose and complications associated with
corticosteroid use. We suggest using the FDA dosing regimen guided by the weight of the

child.

CONFLICT OF INTEREST
On behalf of all authors, the corresponding author states that there are no conflicts of

interest.



REFERENCES

1.

Alan N, Seicean A, Seicean S, Neuhauser D, Benzel EC, Weil RJ: Preoperative steroid
use and the incidence of perioperative complications in patients undergoing
craniotomy for definitive resection of a malignant brain tumor. J Clin Neurosci
22:2015 Available: https://doi.org/10.1016/j.jocn.2015.03.009.

Batchelor TT, Byrne TN (2008) Neurological complications of primary brain tumors. In:
Schiff D, Kesari S, Wen PY (eds) Cancer neurology in clinical practice: neurologic
complications of cancer and its treatment. Humana Press, Totowa, pp 381-396.
https://d:

Bebawy JF: Perioperative steroids for peritumoral intracranial edema: a review of
mechanisms, efficacy, and side effects. J Neurosurg Anesth 24:2012 Available:
https://doi.org/10.1097/ANA.0b013e3182578bb5.

Carruthers V, Hill RM, Coulter IC, Cowie CJA, Halliday G, Bailey S: Perioperative
corticosteroid use in paediatric neuro-oncology. Child’s Nerv Syst 37:3669—-3671,
2021 Available: https://doi.org/10.1007/s00381-021-05354-x.

Chang SM, Messersmith H, Ahluwalia M, Andrews D, Brastianos PK, Gaspar LE, et al:
Anticonvulsant prophylaxis and steroid use in adults with metastatic brain tumors:
summary of SNO and ASCO endorsement of the Congress of Neurological Surgeons
guidelines. Neuro Oncol 21:424-427, 2019

Charles B, Schild P, Steer P, Cartwright D, Donovan T: Pharmacokinetics of
dexamethasone following single-dose intravenous administration to extremely low
birth weight infants. Dev Pharmacol Ther 20:205-210, 1993

Czock D, Keller F, Rasche FM, Haussler U: Pharmacokinetics and pharmacodynamics

of systemically administered glucocorticoids. Clin Pharmacokinet 44:61-98, 2005



10.

11.

12.

13.

14.

15.

16.

Dietrich J, Rao K, Pastorino S, Kesari S: Corticosteroids in brain cancer patients:
benefits and pitfalls. Expert Rev Clin Pharmacol 4:233-242, 2011

Dubinski D, Won SY, Gessler F: Dexamethasone-induced leukocytosis is associated
with poor survival in newly diagnosed glioblastoma. J Neurooncol:2018 Available:
https://doi.org/10.1007/s11060-018-2761-4.

Egerman RS, Pierce WF 4th, Andersen RN, Umstot ES, Carr TL, Sibai BM: A comparison
of the bioavailability of oral and intramuscular dexamethasone in women in late
pregnancy. Obstet Gynecol 89:276—280, 1997

FDA: Available:
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/011664s063Ibl.pdf.
Herting CJ, Chen Z, Maximov V, Duffy A, Szulzewsky F, Shayakhmetov DM, et al:
Tumour-associated macrophage-derived interleukin-1 mediates glioblastoma-
associated cerebral oedema. Brain 142:3834-3851, 2019

Hochhaus G, Barth J, al-Fayoumi S, Suarez S, Derendorf H, Hochhaus R, et al:
Pharmacokinetics and pharmacodynamics of dexamethasone sodium-m-
sulfobenzoate (DS) after intravenous and intramuscular administration: a
comparison with dexamethasone phosphate (DP). J Clin Pharmacol 41:425-434, 2001
Jackson RK, Liebich M, Berry P, Errington J, Liu J, Parker C, et al: Impact of dose and
duration of therapy on dexamethasone pharmacokinetics in childhood acute
lymphoblastic leukaemia-a report from the UKALL 2011 trial. Eur J Cancer 120:75-85,
2019

Joint Formulary Committee:Br Natl Formul

Liu D, Ahmet A, Ward L, Krishnamoorthy P, Mandelcorn ED, Leigh R, et al: A practical

guide to the monitoring and management of the complications of systemic



17.

18.

19.

20.

21.

22.

23.

24,

25.

corticosteroid therapy. Allergy Asthma Clin Immunol 9:30, 2013 Available:
https://pubmed.ncbi.nlm.nih.gov/23947590.

Lu VM, Goyal A, Vaughan LS, McDonald KL: The impact of hyperglycemia on survival
in glioblastoma: a systematic review and meta-analysis. Clin Neurol Neurosurg:2018
Available: https://doi.org/10.1016/j.clineuro.2018.05.020.

Murayi R, Chittiboina P: Glucocorticoids in the management of peritumoral brain
edema: a review of molecular mechanisms. Child’s Nerv Syst ChNS Off J Int Soc
Pediatr Neurosurg 32:2293-2302, 2016

NICE 2017. Corticosteroids - Oral: Available: https://cks.nice.org.uk/corticosteroids-
oral#!scenario.

Petrelli F, De Stefani A, Ghidini A, Bruschieri L, Riboldi V, Dottorini L, et al: Steroids
use and survival in patients with glioblastoma multiforme: a pooled analysis. J
Neurol:2020 Available: https://browzine.com/articles/368243273.

Pitter KL, Tamagno |, Alikhanyan K: Corticosteroids compromise survival in
glioblastoma. Brain:2016 Available: https://doi.org/10.1093/brain/aww046.
Pollack IF: Brain tumors in children. N Engl J Med 331:1994 Available:
https://doi.org/10.1056/nejm199412013312207.

Richter O, Ern B, Reinhardt D, Becker B: Pharmacokinetics of dexamethasone in
children. Pediatr Pharmacol (New York) 3:329-337, 1983

Roth P, Wick W, Weller M: Steroids in neurooncology: actions, indications, side-
effects. Curr Opin Neurol 23:2010 Available:
https://doi.org/10.1097/WC0.0b013e32833e5a5d.

Ryan R, Booth S, Price S: Corticosteroid-use in primary and secondary brain tumour

patients: a review. J Neuro-oncol 106:2012 Available:



26.

27.

28.

29.

30.

https://doi.org/10.1007/s11060-011-0713-3.

Ryken TC, Kuo JS, Prabhu RS, Sherman JH, Kalkanis SN, Olson JJ: Congress of
neurological surgeons systematic review and evidence-based guidelines on the role of
steroids in the treatment of adults with metastatic brain tumors. Neurosurgery
84:2019 Available: https://doi.org/10.1093/neuros/nyy546.

Ryken TC, McDermott M, Robinson PD: The role of steroids in the management of
brain metastases: a systematic review and evidence-based clinical practice guideline.
J Neurooncol:2010 Available: https://doi.org/10.1007/s11060-009-0057-4.

Vecht CJ, Hovestadt A, Verbiest HB, van Vliet JJ, van Putten WL: Dose-effect
relationship of dexamethasone on Karnofsky performance in metastatic brain
tumors: a randomized study of doses of 4, 8, and 16 mg per day. Neurology 44:675—
680, 1994

Waljee AK, Rogers MAM, Lin P: Short term use of oral corticosteroids and related
harms among adults in the United States: population based cohort study. BMJ:2017
Available: https://doi.org/10.1136/bm;j.j1415.

Wilne S, Collier J, Kennedy C, Koller K, Grundy R, Walker D: Presentation of childhood
CNS tumours: a systematic review and meta-analysis. Lancet Oncol 8:685—695, 2007

Available: https://pubmed.ncbi.nlm.nih.gov/17644483.



FIGURES AND TABLES

Table 1.

Demographics
Male
Female

Median age in years (range)

16
14
6 (10months — 15y)

Referrals n (%)
District General Hospitals (DGH) 22 (73)
University Hospital of Wales 8 (27)
Symptoms n (%)
Headache 29 (97)
Vomiting 28 (93)
Gait disturbance 13 (43)
Nystagmus 5(17)
Papilloedema 4 (13)
Dexamethasone Dosing (stat dose and range in mg);

[stat dose and range in mg/kg]
Average Stat dose (mg) (range) (9.15; 1.0-16.7); [0.31; 0.05-1.77]
Stratified by weight kg:

<10 8.8 (1.0-16.6); [0.94; 0.13-1.77]
10-20 9.7 (4.0-16.7); [0.66; 0.21-1.35]
20-30 12.3 (8.0-16.7); [0.52; 0.27-0.73]

>30 7.8 (2.0-16.7); [0.17; 0.05-0.39]

Average dosing after discussion with Neurosurgical team (mg)
(range)
Stratified by weight kg:

<10 8.0 (4.0-12.0); [0.82; 0.37-1.28]
10-20 9.9 (2.0-24.0); [0.58; 0.10-1.83]
20-30 10.6 (8.0-16.0); [0.47; 0.27-0.78]

>30 12.0 (4.0-16.0); [0.27; 0.06-0.49]

Table 2. Recommendations for stat and continued dosing of dexamethasone in patients

presenting with symptomatic posterior fossa tumours.

Dose at 0.02-0.3mg/kg/d 0.2—-3mg 0.4-6mg 0.6-9mg



