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Fatigue randomized controlled trials—how tired is “too tired”
in patients undergoing glioma treatment?
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The prevalence of fatigue in the primary brain tumor population
ranges between 25% and 90% and occurs at all stages of care.
Like sadness and major depressive disorder (MDD), frequency
depends on the definition used. In MDD, there is a requirement
for it to be pervasive, persistent, and interfering with the ability
to work, sleep, study, eat, and enjoy life. For research purposes,
fatigue has sometimes been defined as “a distressing, persis-
tent, subjective sense of physical, emotional, and/or cognitive
tiredness or exhaustion related to cancer or cancer treatment
that is not proportional to recent activity and interferes with
usual functioning” (http://oralcancerfoundation.org/treatment/
pdf/fatigue.pdf). Fatigue is one of the top 10 priority research
areas identified by the brain tumor community.’ High-quality
research in this area is therefore very important, but
challenging.

Theoretical models separate fatigue into primary fatigue,
directly related to disease mechanisms, and secondary fatigue,
related to non-disease-specific factors. Primary fatigue in any
condition affecting the brain, whether it be brain tumor, irradi-
ation, demyelination, stroke, or post-head injury, may be the
result of centrally mediated processes: neuronal damage, in-
flammation, demyelination, or axonal loss leading to physical
and cognitive impairment or disability. Suggested mechanisms
in CNS diseases have been functional cortical reorganization
that may result in a higher energy demand in certain brain
areas, although mechanistic research is still in its infancy.? Sec-
ondary causes of fatigue may include psychological factors
(anxiety or depression), co-occurring symptoms (sleep disturb-
ance and pain), comorbid conditions (hormone dysfunction,
infection, and malnutrition), or medication.?

In the current issue of Neuro-Oncology, Lee et al present an
8-week pilot randomized controlled trial (RCT) to prevent or
ameliorate fatigue in patients with glioma who were undergo-
ing radiotherapy or chemo-radiotherapy using a wakefulness-
promoting medication, armodafinil.* Severity of fatigue was
not a prerequisite of entry, and median fatigue was mild to

moderate, examining the 4 fatigue scales used. Like most
RCTs in fatigue in patients with brain tumors, accrual was
slow, possibly because the patient/doctor focus was on cancer
treatment. Also consistent with many primary brain tumor
RCTs, retention was difficult (23% drop out) even over 8
weeks. At an early point in the treatment pathway such as
this, it is uncertain whether the above definition of “fatigue”
is fulfilled, and fatigue is often influenced by multiple factors,
including distress, steroids, insomnia, and neurological impair-
ment. In addition, enrollment of patients with no or mild fa-
tigue gives little opportunity to demonstrate a significant
improvement in Likert scales used to assess fatigue severity
or impact on quality of life (QoL). While Lee et al did not find
a statistically significant improvement in fatigue or QoL with
armodafinil in patients undergoing radiotherapy, there was a
trend toward improvement in the 42-day change in 3 measures
of fatigue. They correctly state that it is possible that armoda-
finil does improve fatigue but that because of low statistical
power to detect a difference due to small sample size or min-
imal effects, this was not seen. They also note the “unanswered
questions” that should actually be known prior to any RCT:
What is the most effective dose and duration of treatment re-
quired to see any benefit, if one were to be expected? Again this
is similar to antidepressants in MDD: What is the effective dose?
What is the effective duration? What are the side-effect profiles
at these doses and duration? Only then can we ask: What is the
size of the effect on fatigue and QoL against placebo? Did the
patients think that the drug was worth taking for the amount of
benefit received?

Management of fatigue will follow the same pathways irre-
spective of whether we consider this “neurological fatigue” or
“cancer fatigue” and will include removal of drugs that may
cause fatigue; advice about sleep, diet, and physical exercise;
and, if present, management of anxiety or depression through
talking therapies, cognitive behavioral therapy, mindfulness, or
antidepressants.
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Editorial

Previous RCTs of interventions for the management of
fatigue in adults with primary brain tumor have been assessed
in a Cochrane systematic review.> Only one RCT® included only
patients with high levels of fatigue, while 8 others’~*included
patients who may or may not have had fatigue at entry. All had
very small sample size or had problems retaining patients. One
study, although negative overall for fatigue, showed improved
QoL and reduced fatigue with the use of armodafinil for pa-
tients with severe fatigue at study entry.'*

Maybe we need to take a step back and agree on a standard
working definition of major fatigue prior to trial entry using a
structured clinical interview for fatigue. Major fatigue should
have been present for a defined period and be severely affect-
ing QoL before we consider drug therapy (eg, a major depres-
sive episode has been characterized by the presence of a
severely depressed mood that persists for at least 2 weeks
[American Psychiatric Association]).

Patients should have tried simple nonpharmacological mea-
sures and have been resistant to these prior to entry. Manage-
ment of fatigue will include advice regarding rest, diet, healthy
living, physical exercise, and drugs that may cause fatigue; ad-
vice about sleep; and, where present, management of anxiety
or depression through talking therapies, cognitive behavioral
therapy, or mindfulness. If major fatigue is part of a major de-
pressive episode, perhaps an antidepressant should be consid-
ered first, rather than drugs to promote wakefulness that may
provoke psychiatric symptoms.

Drugs that provoke wakefulness (eg, modafinil/armodafinil)
may be more appropriate where excessive sleepiness is a
severe, persistent, and prominent symptom. Postmarketing ad-
verse reactions associated with modafinil/armodafinil include
mania, delusions, hallucinations, suicidal ideation, and aggres-
sion, some resulting in hospitalization. Where cognitive impair-
ment is associated with excessive sleepiness, methylphenidate
and other cognitive enhancers may be tried, but they have sim-
ilar complications and may increase risk of seizures. Finally, a
note of caution should be drawn about using these drugs in pa-
tients with brain tumors without fatigue or with mild or even
moderate fatigue, without adequately assessing and informing
them, prior to what may become a chronic prescription for
fatigue.

References

1. Laura MacDonald for the Neuro-Oncology Group. Top 10 priorities
for clinical research in primary brain and spinal cord tumours.
http://www.neuro-oncology.org.uk/jla/docs/JLA_PSP_in_Neuro-
Oncology_Final_Report_June_2015.pdf.

10.

11.

12.

13.

14,

Kos D, Kerckhofs E, Nagels G, et al. Origin of fatigue in multiple
sclerosis: review of the literature. Neurorehabil Neural Repair.
2008; 22:91. originally published online April 4, 2007.

Armstrong TS, Cron SG, Bolanos EV, et al. Risk factors for fatigue
severity in primary brain tumor patients. Cancer. 2010;116(11):
2707-2715.

Lee EQ, Muzikansky A, Drappatz J, et al. A randomized,
placebo-controlled pilot trial of armodafinil for fatigue in
patients with gliomas undergoing radiotherapy. Neuro-Oncol.
2016;18(6):849-854.

Day J, Yust-Katz S, Cachia D, et al. Interventions for the
management of fatigue in adults with a primary brain tumour.
Cochrane Database Syst Rev. 2016 (in press).

Boele FW, Douw L, de Groot M, et al. The effect of modafinil on
fatigue, cognitive functioning, and mood in primary brain tumor
patients: a multicenter randomized controlled trial. Neuro Oncol.
2013;15(10):1420-1428.

Butler JM, Case LM, Atkins J, et al. A phase III, double-blind,
placebo-controlled prospective randomized clinical trial of
d-threo-methylphenidate HCl in brain tumor patients receiving
radiation therapy. Int J Radiat Oncol Biol Phys. 2007;69(5):
1496-1501.

Gehring K, Sitskoorn MM, Gundy CM, et al. Cognitive rehabilitation
in patients with gliomas: a randomized, controlled trial. J Clin
Oncol. 2009;27(22):3712-3722.

Gehring K, Patwardhan SY, Collins R, et al. A randomised trial on
the efficacy of methylphenidate and modafinil for improving
cognitive functioning and symptoms in patients with a primary
brain tumor. J Neurooncol. 2012;107(1):165-174.

Kaleita TA, Wellisch DK, Graham CA, et al. Pilot study of modafinil
for treatment of neurobehavioral dysfunction and fatigue in adult
patients with brain tumors. J Clin Oncol. 2006;24(18S):1503.

Lee E, Muzikansky A, Kesari S, et al. A randomized, placebo-
controlled pilot trial of armodafinil for fatigue in patients with
gliomas undergoing radiotherapy. Neuro Oncol. 2014;16(suppl
5):v206.

Locke DEC, Cerhan JH, Wu W, et al. Cognitive rehabilitation and
problem-solving to improve quality of life of patients with
primary brain tumors: a pilot study. J Support Oncol. 2008;6(8):
383-391.

Shaw EG, Rosdhal R, D’Agostino RB, et al. Phase II study of
donepezil in irradiated brain tumor patients: effect on cognitive
function, mood, and quality of life. J Clin Oncol. 2005;24(9):
1415-1420.

Page BR, Shaw EG, Lu L, et al. Phase II double-blind placebo-
controlled randomized study of armodafinil for brain
radiation-induced fatigue. Neuro Oncol. 2015;17(10):1393-1401.

760


http://www.neuro-oncology.org.uk/jla/docs/JLA_PSP_in_Neuro-Oncology_Final_Report_June_2015.pdf
http://www.neuro-oncology.org.uk/jla/docs/JLA_PSP_in_Neuro-Oncology_Final_Report_June_2015.pdf
http://www.neuro-oncology.org.uk/jla/docs/JLA_PSP_in_Neuro-Oncology_Final_Report_June_2015.pdf
http://www.neuro-oncology.org.uk/jla/docs/JLA_PSP_in_Neuro-Oncology_Final_Report_June_2015.pdf
http://www.neuro-oncology.org.uk/jla/docs/JLA_PSP_in_Neuro-Oncology_Final_Report_June_2015.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


