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X. Kostaras mse,* F. Cusano BSc Pharm,’
G.A. Kline up,* W. Roa mp,® J. Easaw mp pip,|
and the Alberta Provincial CNS Tumour Team

ABSTRACT
Background

Dexamethasone is the corticosteroid most com-
monly used for the management of vasogenic
edema and increased intracranial pressure in patients
with brain tumours. It is also used after surgery
(before embarking on radiotherapy), particularly
in patients whose tumours exert significant mass
effect. Few prospective clinical trials have set out
to determine the optimal dose and schedule for
dexamethasone in patients with primary brain tu-
mours, and subsequently, fewer clinical practice
guideline recommendations have been formulated.

Methods

A review of the scientific literature published to
November 2012 considered all publications that ad-
dressed dexamethasone use in adult patients with
brain tumours. Evidence was selected and reviewed
by a working group comprising 3 clinicians and 1
methodologist. The resulting draft guideline un-
derwent internal review by members of the Alberta
Provincial cNs Tumour Team, and feedback was
incorporated into the final version of the guideline.

Recommendations

Based on the evidence available to date, the Alberta Pro-
vincial cNs Tumour Team makes these recommendations:

* Treatment with dexamethasone is recommended
for symptom relief in adult patients with primary
high-grade glioma and cerebral edema.

* After surgery, a maximum dose of 16 mg daily,
administered in 4 equal doses, is recommended
for symptomatic patients. This protocol should
ideally be started by the neurosurgeon.

* A rapid dexamethasone tapering schedule should
be considered where appropriate.

« Patients who have high-grade tumours, are
symptomatic, or have poor life expectancy, can
be maintained on a 0.5-1.0 mg dose of dexa-
methasone daily.

e Side effects with dexamethasone are common,
and they increase in frequency and severity with
increased dose and duration of therapy. Patients
should be carefully monitored for endocrine,
muscular, skeletal, gastrointestinal, psychiatric,
and hematologic complications, and for infec-
tions and other general side effects.
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1. INTRODUCTION

Patients with primary brain tumours often develop
vasogenic edema and increased intracranial pres-
sure. In three quarters of such patients, corticoste-
roid therapy improves those symptoms, generally
within 48 hours'. As such, corticosteroid therapy
is a necessary prerequisite to embarking on ra-
diotherapy after surgery, particularly in patients
whose brain tumours exert significant mass effect.
Similarly, management of edema and intracranial
pressure with corticosteroids forms an integral
aspect of treatment in the post-radiotherapy phases
of care. Dexamethasone is the usual corticosteroid
of choice because of its minimal mineralocorticoid
activity, long half-life, and high potency. However,
despite the common use of dexamethasone, few
prospective clinical trials have set out to determine
its optimal dose and schedule in patients with
primary brain tumours, and subsequently, fewer
clinical practice guideline recommendations have
been formulated.

Dexamethasone and all steroids are associated
with a variety of side effects, and therefore the
risks and benefits must be carefully weighed for
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each patient. The goals of the present work were to
review the evidence for the use of dexamethasone
in patients with high-grade glioma, to describe
the management of side effects associated with
dexamethasone use in that patient population, and
to document the recommendations of the Alberta
Provincial cns Tumour Team for the use of dexa-
methasone in patients with high-grade glioma.

2. METHODS
2.1 Questions

1. When should dexamethasone be considered in

adult patients with high-grade glioma?

What are the optimal dexamethasone dose ranges?

What is the optimal schedule for dexamethasone

tapering?

4. What are the most common adverse events as-
sociated with dexamethasone therapy, and how
are they best managed?

W

2.2 Target Population

The target population for this guideline is adult pa-
tients with primary high-grade glioma.

2.3 Search Strategy

Medical journal articles were searched using the
MEDLINE (1948 to November, week 3, 2012), PubMed
(1950 to November 2012), Cochrane Database of
Systematic Reviews (2005 to November 2012),
and ciNaHL (1982 to November 2012) electronic
databases. Search terms included “dexamethasone,”
“glucocorticoids,” “corticosteroids,” “Decadron,”
or “adrenal cortex hormones” and “brain tumour,”
“glioma,” “high-grade glioma,” or “brain neo-
plasm.” The reference lists of relevant articles were
hand-searched for additional articles. In addition
to the U.S. National Guideline Clearinghouse da-
tabase, the Web sites of national and international
guideline developers were also searched for relevant
content. A search of the grey literature was also
conducted using Google and Google Scholar. The
patient population was limited to adolescents and
adults; no limitations by publication type or study
design were imposed.

The literature search resulted in eight publications
that were used to formulate the final recommenda-
tions addressing the first three guideline questions.
To address the fourth guideline question, a systematic
review of the literature was carried out incorporating
the mMesH terms already listed, in combination with
these key words: “hyperglycemia,” “myopathy,” “os-
teoporosis,” “avascular necrosis,” “peptic ulceration,”
“bowel “perforation,” “anxiety,” “irritability,” “insom-
nia,” “mania,” “psychosis,” “depression,” “seizures,”
“infections,” “Pneumocystis jiroveci pneumonia,”’

2 ¢

“candidiasis,” “venous thromboembolism,” “hyper-
tension,” ‘“cardiovascular complications,” “weight
gain,” “Cushingoid,” “hirsutism,” “fragile skin,” and
“skin complications.”

2.4 Development of Recommendations

Evidence was selected and reviewed by a working
group consisting of 3 members of the provincial cns
Tumour Team and 1 methodologist. The working
group developed the draft recommendations and
accompanying guideline based on the evidence
combined with expert opinion. The draft document
was initially reviewed and discussed at a consen-
sus conference attended by 25 provincial Tumour
Team members and was subsequently distributed
by anonymous electronic survey to members of the
cNs Tumour Team (n = 30) for additional review
and comment. The survey response rate was 33%.
All respondents agreed that the document should
be approved as a clinical practice guideline, with
modifications. The final guideline was reviewed and
endorsed in February 2013 by the Alberta Provincial
cNs Tumour Team.

3. RESULTS

Table 1 summarizes the results from key publications
as they pertain to the first three questions. The quality
of the evidence was classified according to criteria
used in other Canadian guidelines (Table 11), and the
strength of the resulting recommendations from the
Alberta Provincial cns Tumour Team were graded

based on the evidence classifications'®.

3.1 Question 1: Patient Selection

Treatment with dexamethasone is recommended for
symptom relief in adult patients with primary high-
grade glioma and cerebral edema (recommendation
grade: B). In accordance with the American College
of Radiology Appropriateness Criteria, there is no
evidence to support the routine use of dexametha-
sone in patients with brain tumours in the absence
of neurologic signs or symptoms!'!.

3.2 Question 2: Dosing

Dexamethasone dosage requirements vary greatly
from patient to patient and depend on the diseases
being treated. The literature addressing the use
of dexamethasone for adult patients with brain
tumours is limited and conflicting, and primarily
describes patients with brain metastases. In a review
describing the prescribing practices of oncologists
and palliative care specialists for their patients with
brain metastases, Sturdza and colleagues® reported
that 45% of surveyed physicians routinely prescribe
dexamethasone at a fixed dose of 16 mg daily for
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TABLEII Levels of evidence and consensus'”

4 Inadequate or no data in the population of interest;
anecdotal evidence or clinical experience
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Grade of recommendation

A Strong recommendation; applies to most individuals
in most circumstances
Benefits clearly outweigh risks, or vice versa
Level of evidence 1, 2 or 3

B Intermediate recommendation; application may
vary depending on patient characteristics or other
circumstances

Unclear whether benefits outweigh risks
Level of evidence 1, 2, or 3

C Consensus recommendation

Starting dose 4—8 mg daily
Consider doses such as 16 mg daily or higher in

the presence of severe symptoms consistent with

Unclear whether benefits outweigh risks

increased intracranial pressure.

Level of evidence 3 or 4

Dose range
Of responding oncologists, 45% reported
prescribing a dose of 4 mg 4 times daily (16 mg
total) for all patients with brain metastases.
Of responding oncologists, 60% reported
adjusting the dose during radiotherapy.

all patients with brain metastases. The presence or
absence of symptoms, the types of symptoms, the
types of neurologic deficits, and the degree of edema
on imaging were all factors cited by the physicians
who chose to prescribe a dose other than 16 mg
daily®. In an accompanying chart review of 88 pa-
tients with brain metastases, the authors reported
that, of patients treated with dexamethasone, 91%
of those receiving 16 mg or more daily and 65% of
those receiving less than 16 mg daily experienced
at least one side effect (p=0.006)8. In a systematic
review of twenty-one randomized controlled tri-
als of whole-brain radiotherapy for patients with
multiple brain metastases, Millar and colleagues’

intracranial pressure and edema
secondary to brain metastasis

Patient characteristics
NR
Symptoms related to increased
not reported; wBRT = whole-brain radiotherapy.

S § reported that, of the eighteen studies documenting
TS| = ~ I steroid use, only five provided details on the type
NS and dose of steroid. Dexamethasone was the most

commonly used steroid, and doses in four studies
ranged from 8 mg to 16 mg daily; one study reported

4

Z

5

£
= < g the use of prednisone at 40 mg daily’. In a study
3] x 2 g ) . .
g | - S S IS reporting the results of two consecutive randomized
‘é S = & 2 trials involving 96 patients with brain metastases,
O | N < H Vecht et al.? compared 4-, 8-, and 16-mg daily oral
8 :E 3 g doses of dexamethasone. More toxic effects were
= sl E v reported in the patients treated with 16 mg daily,
z 2 = 5 with no significant improvement in Karnofsky
€496 CURRENT ONCOLOGY—VOLUME 21, NUMBER 3, JUnE 2014

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



DEXAMETHASONE IN HIGH-GRADE GLIOMA

performance status over that seen at lower doses.
The authors concluded that, for most patients, lower
doses of 4 mg or 8 mg daily have an equivalent ef-
fect on neurologic performance?.

Retrospective studies and reviews report that the
most common starting dose of dexamethasone ranges
between 8 mg and 16 mg daily>%%!2, In a recent
review of the role of steroids in the management of
brain metastases, Ryken and colleagues concluded
that symptomatic patients should be treated with a
starting dose of 4—8 mg daily; if the patient exhibits
severe symptoms associated with increased intracra-
nial pressure, a dose of 16 mg daily or higher could
be considered®. Two recent comprehensive reviews
recommend an initial intravenous loading dose of
1020 mg dexamethasone when a patient presents
with acute neurologic symptoms caused by a brain
tumour or spinal cord lesion; the loading dose should
be followed by maintenance dosing with oral or in-
travenous dexamethasone in divided doses totalling
to 424 mg daily'314.

There is variability in the published literature
about how to divide the dexamethasone dose
for patients with brain tumours. In their recent
survey of 34 Canadian oncologists, Sturdza and
colleagues?® reported that, among respondents, the
most common starting dose of dexamethasone for
patients with brain metastases was 4 mg four times
daily; this dose schedule has also been reported
in small prospective trials involving patients with
brain metastases?*.

The published guidance on the use of dexa-
methasone in patients with high-grade glioma is also
limited. Table 111 summarizes the dosing recommen-
dations from published clinical practice guidelines

addressing the use of dexamethasone in patients with
primary brain tumours. These recommendations are
all based on lower levels of evidence such as case
series and retrospective reviews, and they are vari-
able in their advice about starting doses and taper-
ing regimens. However, based on the literature and
guidelines published to date, combined with clinical
expert opinion, the Alberta Provincial cNs Tumour
Team members recommend a maximum starting dose
of 16 mg daily, administered in 4 equal daily doses,
for symptomatic patients after biopsy or surgical
resection (recommendation grade: C).

3.3 Question 3: Dexamethasone Tapering

Most patients begin to improve symptomatically
within hours of dexamethasone administration,
achieving maximum benefit within 24-72 hours'3. A
high rate of side effects is associated with prolonged
dexamethasone use, as is a risk of suppression of
the hypothalamic—pituitary—adrenocortical axis.
Dexamethasone should therefore be tapered once
symptoms begin to improve!31418,

Published evidence and recommendations about
the optimal tapering schedule are varied. In general,
the tapering schedules most commonly reported
involve a gradual decrease in the dose or dosing in-
terval over a period of 2—4 weeks to prevent rebound
symptoms, with longer periods for symptomatic
patients®7-8:%15 Some publications favour taper-
ing until a physiologic dose equivalent to 20 mg of
cortisol daily is achieved, which might be 0.25 mg
dexamethasone daily'®-!°. Other publications state
that the tapering schedule is determined by the pa-
tient’s symptoms!-16:17,

TABLE 1l Recommendations for dexamethasone dosing from published clinical practice guidelines.

Guideline developer

Recommendations

American College of Radiology, 19990

For patients with minimal neurologic symptoms, the committee recommends start-

ing either with 4—8 mg dexamethasone daily or with 16 mg dexamethasone daily,
but tapering after a few days.
In all cases, steroids should be tapered as clinically indicated and tolerated.

BC Cancer Agency, 20041

Dexamethasone is most commonly used in a dose range of 2—16 mg daily (divided

dosing of 2 or more times daily) depending on symptom severity. In emergent situ-
ations, higher doses of dexamethasone may be used, and mannitol may also be used.
During radiation therapy, a tapering dose of dexamethasone, as clinically tolerated
(to alleviate symptoms of brain edema), is prescribed, and the lowest effective dose
is used. After completion of radiation therapy, the dexamethasone is usually tapered
and discontinued over 2—4 weeks.

Australian Cancer Network, 2009'¢

The usual starting dose is 16 mg daily.

Dexamethasone should gradually be tapered to the lowest dose that controls the
patient’s symptoms; dexamethasone should not be discontinued abruptly.

U.S. National Comprehensive Cancer Network, 2013!7  In general, the lowest dose of steroids should be used for the shortest time possible.
Downward titration of the dose should be attempted whenever possible.
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Based on a combination of published guidance
and expert opinion, the Alberta Provincial cNs
Tumour Team members recommend that patients
should initially be dosed according to surgeon
preference, because those practitioners are typically
the first on the treating neuro-oncology team to see
the patient. The typical maximum dose should be
dexamethasone 4 mg four times daily after resec-
tion. A slow, fast, or individualized taper can be
initiated on the ward and continued by the medical
or radiation oncologist (or both). The slow taper
starts with 4 mg twice daily for 7 days, then 2 mg
twice daily for 7 days, then 1 mg twice daily for
7 days, then 1 mg once daily for 7 days. The fast
taper allows for the dexamethasone to be tapered
faster and discontinued 3 days after resection.
Patients should be observed during the taper for
symptoms of increased intracranial pressure, and if
such symptoms occur, the dexamethasone should be
increased back to the previous dose in the tapering
regimen (recommendation grade: C).

After completion of the tapering regimen, symp-
tomatic patients can be either restarted or continued
on dexamethasone 0.5 mg daily throughout radio-
therapy. Patients who have high-grade tumours, are
symptomatic, or have poor life expectancy can also
be maintained on dexamethasone 0.5—1.0 mg daily
after radiotherapy.

All patients should be observed for symptoms
of adrenal insufficiency if dexamethasone is discon-
tinued abruptly or used for a prolonged time, and
advice from an endocrinologist should be sought
if needed. Similarly, because dexamethasone is
metabolized by the p450 3A4 pathway common to
many other drugs, there is potential for interaction
with other medications, including rapid catabolism
of dexamethasone.

3.4 Question 4: Management of Adverse Events
Associated with Dexamethasone Therapy

Side effects of steroid therapy are common. The du-
ration of steroid therapy increases the frequency of
side effects, and prolonged treatment (>3 weeks) is
associated with greater toxicity??. Hypoalbuminemia
also increases the risk of steroid toxicity because
the percentage of unbound steroid increases; such
toxicity has been observed in patients with albumin
levels less than 25 g/L?!. Patients should be carefully
monitored for potential side effects (grade of recom-
mendation: B).

Table 1v summarizes prevention and treatment
strategies for complications associated with steroid
therapy. Clinically, the most frequently observed
complications include hyperglycemia, myopathy,
gastrointestinal complications, irritability, anxiety,
and insomnia.

Hyperglycemia has been reported in up to 72%
of patients with primary brain tumours receiving

dexamethasone® and might be associated with
shorter survival in those patients3>4%. The hyper-
glycemia from corticosteroid therapy usually occurs
in the first 6 weeks of therapy and is believed to
be secondary to insulin resistance and increased
hepatic gluconeogenesis?*.

Glucocorticoids also have a catabolic effect on
skeletal muscle; they lead to muscle atrophy by de-
creasing protein synthesis and increasing the rate of
protein catabolism?®. Symptomatic steroid myopathy
occurs in approximately 10% of patients, and the
incidence is increased in elderly patients and after
prolonged use of high-dose corticosteroids?*. Steroid
myopathy involves proximal muscle weakness and
eventual wasting, especially of the pelvic girdle.
The proximal arm muscles and neck may become
involved as the myopathy progresses?’. The respira-
tory muscles may also become affected, resulting in
symptomatic dyspnea in patients who are severely
myopathic??. Steroid myopathy can develop in as
little as 2—3 weeks in patients taking 16 mg of dexa-
methasone daily, and the development of myopathy
correlates best with the total steroid dose?’. Myopathy
is reversible upon discontinuation of the steroid, usu-
ally in a few days to several months?8.

There is debate about whether steroids cause a
higher risk of upper gastrointestinal complications.
Two large meta-analyses have been conducted,
and they reported conflicting results. A review by
Messer et al.*! included 3064 corticosteroid-treated
patients evaluated for peptic ulcers. The relative
risk of developing peptic ulcers was 2.3 [95%
confidence interval (c1): 1.4 to 3.7], and the relative
risk of gastrointestinal hemorrhage was 1.5 (95%
cr: 1.1 to 2.2). A review by Conn and Poynard*?
yielded statistically insignificant results, with a
relative risk of 1.3 for peptic ulcers (95% cr: 0.8 to
2.1) and a relative risk of 1.2 for hemorrhage (95%
cr: 0.7 to 2.2). The authors noted that the incidence
of peptic ulcers tended to increase with the dose
and duration of therapy. In patients concomitantly
receiving nonsteroidal anti-inflammatory drugs, the
risk of peptic ulcers is higher by a factor of 4—72°,
The incidence of ulcers and bleeding is higher in
patients using anticoagulants and in patients who
have a history of upper gastrointestinal bleeding?’.
Bowel perforation is also a serious complication of
corticosteroid therapy?’. It tends to occur in patients
who are receiving high doses of steroids and who
have been constipated because of medication, im-
mobility, or neurologic dysfunction.

Mild psychiatric effects associated with dexa-
methasone use include anxiety, irritability, and
insomnia, and the incidence of those side effects
ranges from 13% to 62%3!. Severe manifestations
can include mania, depression, and psychosis,
and the incidence of severe reactions is 5.7%
(range: 1.6%—-50%)3!. Most psychiatric reactions
occur within the first week of steroid therapy, and
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the most significant risk factor associated with
psychiatric reactions is the corticosteroid dose3'.
Corticosteroids can also cause cognitive impair-
ment such as memory disturbances; these deficits
are dose-dependent and resolve on termination of
the corticosteroid?!.

4. CONCLUSIONS AND RECOMMENDATIONS

Based on the evidence available to date, the Alberta
Provincial cNs Tumour Team makes these recom-
mendations:

¢ Treatment with dexamethasone is recommended
for symptom relief in patients with primary high-
grade glioma and cerebral edema.

* After surgery, a maximum dose of 16 mg daily,
administered in 4 equal doses, is recommended
for symptomatic patients. This protocol should
ideally be started by the neurosurgeon.

* Dexamethasone should be tapered in a manner
individualized to the patient. One of these taper
schedules is recommended:

- Slow taper: Startwith 4 mg twice daily for 7
days, then 2 mg twice daily for 7 days, then
1 mg twice daily for 7 days, then 1 mg once
daily for 7 days.

- Fast taper: Dexamethasone can be discon-
tinued within 3 days of surgery.

+ Individualized taper: Use a taper schedule
individualized for the specific patient as
decided by the physician.

* Patients who have high-grade tumours, are
symptomatic, or have poor life expectancy can
be maintained on dexamethasone 0.5—1.0 mg
daily.

¢ Side effects of dexamethasone are common, and
they increase in frequency and severity with
increased dose and duration of therapy. Patients
should be carefully monitored for endocrine,
muscular, skeletal, gastrointestinal, psychiatric,
and hematologic complications, and also for in-
fections and other general side effects.

Treatment
Treatment of pip infections with trimethoprim—sulfamethoxazole,
trimethoprim plus dapsone, atovaquone suspension, clindamycin plus
primaquine, or pentamidine. Treat oropharyngeal candidiasis with
nystatin, fluconazole, or itraconazole?*3,
Low molecular weight heparin is the preferred approach for cancer

patients with established vTE and for long-term anticoagulant therapy3%-38.

Prevention
Consider prophylactic therapy with
assessment of risk factors36-37.
induced lipodystrophy?2°.

trimethoprim—sulfamethoxazole against pip in brain cancer
and treatment of corticosteroid-induced hypertension.

Screening is recommended, particularly during the first

patients receiving prolonged corticosteroid therapy?*3.
Routine prophylaxis with an antithrombotic agent is not
recommended. Prophylaxis with low molecular weight
heparin (dalteparin, enoxaparin, tinzaparin), fondaparinux,
unfractionated heparin, or warfarin might be warranted
in individuals considered to be at risk of vTE based on
There is no clear evidence with respect to the prevention
months of therapy and in patients with corticosteroid-

&b Based on the foregoing recommendations, the
= 3 members of the Alberta Provincial cns Tumour Team
S . g 3 g‘ propose an algorithm for the use of dexamethasone
S| 250 = S = in patients with high-grade glioma (Figure 1).
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Surgery
+

dexamethasone 4 mg QID post-surgery

If patient is on a dose other than 4 |
mg QID, decreass to 4mg QID I
before beginning taper

Referral to Medical Oncology

Dexamethasone Taper
* extent of resection
« tumour grade

* patient symptoms

Slow

aper

Taper

h 4

Taper

dexamethasone 4 mg BID x 7days |

!

dexamethasone 4 mg BID x 3 days

The taper schedule may
need to be more

dexamethasone 2 mg BID x 7 days

v

individualized for a specific
patient, as decided upon by

‘ discontinue dexamethasone

the physician

dexamethasone 1 mg BID x 7 days

!

dexamethasone 1 mg daily x 7 days »

:

monitor patient for symptoms

A

increase or restart dexamethasone

dose to lowest dose for
symptom control

.

30 fractions! 6 weeks

Radiotherapy + Concurrent Chemotherapy

[ ™ Dexamethasone canbe _I
_| discontinued prior to starting
it ¢ i

7 L
| “on individual clinical judg 1

Adjuvant Chemotherapy

.

Follow Up

Patients who discontinue dexamethasone
should be observed for adrenal symptoms, and
referred to an endocrinologist if necessary

FIGURE 1 Treatment algorithm for the use of dexamethasone in patients with high-grade gliomas. oip = 4 times daily; Bip = twice daily.
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