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Pharmacologic management of cognitive impairment

induced by cancer therapy

Philipp Karschnia, Michael W Parsons, Jorg Dietrich

Cognitive dysfunction is a challenging adverse effect of chemotherapy and radiotherapy that has limited treatment
options. Clinical trials for proposed pharmacotherapeutic interventions to help manage these cognitive symptoms
have had conflicting results and no standard of care has yet been established. Pharmacotherapeutic approaches
for cancer therapy-induced cognitive symptoms include CNS stimulants (eg, methylphenidate and modafinil),
medications used in patients with memory impairment (eg, donepezil, memantine, and ginkgo biloba), and bone
marrow supporting agents (eg, erythropoietin). Whilst the beneficial effects of CNS stimulants have been mainly
reported in children, efficacy in adults has been varied. Antidementia drugs have emerged as promising compounds
in the management of cognitive dysfunction, but clinical experience of their use remains limited. Therefore, large
clinical trials for these putative memory-enhancing drugs are needed to establish their clinical value in an oncology
setting. Several clinical trials testing novel pharmacotherapeutic interventions for the management of cognitive
dysfunction are ongoing, as well as numerous preclinical studies. With an increasing understanding of the molecular
and cellular mechanisms underlying cognitive deficits in patients with cancer, novel treatment strategies are emerging.

Introduction

Recent therapeutic advances have greatly improved
survival in some patients with cancer, such as in
melanoma, lung cancer, and breast cancer, with a growing
number of long-term survivors.” However, cancer
therapy can be associated with harmful effects to
numerous organ systems, including the CNS. Cognitive
dysfunction has emerged as one of the most concerning
and poorly understood adverse effects of cancer and its
treatment from radiotherapy and chemotherapy, in which
reported symptoms and deficits identified on cognitive
evaluation are often denoted as chemobrain. Reported
incidence of cognitive impairment on objective testing in
patients treated for non-CNS cancers ranges from
10-65% because of varying sensitivities of cognitive
assessment methods, patient populations studied, and
drugs used.*” Results from a small longitudinal study of
patients with breast cancer showed that 21% of patients
had cognitive impairment before treatment, 65% were
impaired shortly (3 months) after chemotherapy, and
61% had persistent cognitive deficits (7 months after
treatment).® Results from a much larger study of patients
with colorectal cancer showed cognitive impairment in
43% of patients before chemotherapy and in 46% of
patients 12 months later.” The most common cognitive
deficits are in the domains of executive function, memory,
psychomotor speed, and attention.*"

Importantly, neurocognitive impairment might be of
delayed onset and, in some patients, can be progressive
even years after cessation of cancer therapy. These
symptoms can occur whether treatment was directed at
the CNS or non-CNS tumour.*? Brain irradiation and
virtually all categories of chemotherapeutic regimens
have been linked to varying degrees of neurocognitive
changes. Affected patients are difficult to evaluate as the
severity of cognitive dysfunction are not necessarily
associated with imaging findings on conventional MRI.>*
Although individual factors such as age, cerebrovascular
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comorbidities, cognitive reserve, and genetic polymorph-
isms have been shown to explain varying degrees of
symptoms in otherwise similar patient populations,**
in general useful biomarkers indicative of patients at high
risk of poor outcomes are not available.

The precise pathological mechanisms of cancer therapy-
induced cognitive dysfunction are elusive.”* Therapeutic
interventions for these cognitive symptoms would ideally
prevent side-effects of cancer therapy, minimise the
extent of symptoms, or stimulate repair after treatment-
induced functional and structural neural injury. Non-
pharmacological interventions, such as meditation or
physical exercise, have also been considered useful
strategies.” Various pharmacotherapeutic interventions
(such as CNS stimulants and anti-dementia drugs) have
been tested in clinical trials; however, no guidelines
pertaining to the management of patients with cancer
therapy-induced cognitive dysfunction are available. In
this Review, we provide a critical summary of the available
data on drugs proposed for the treatment of cancer
therapy-induced neurocognitive symptoms. Treatment
interventions for patients undergoing brain directed-
cancer therapy will be discussed separately from
pharmacotherapeutic management of patients under-
going systemic cancer therapy.

CNS stimulants

Methylphenidate

Craniospinal radiotherapy in combination with chemo-
therapy is frequently delivered to children with acute
lymphoblastic leukaemia for CNS prophylaxis or in
patients with medulloblastoma. Such treatments have
substantially improved survival, and many of these
children live well into adulthood without evidence of
disease. Unfortunately, patients often have persistent
deficits in attention and working memory, with
associated decline in intelligence quotient and academic
achievements.” As attention is one of the most frequently
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affected cognitive domains in patients presenting with
chemotherapy-related cognitive concerns, cognitive
deficits in patients with medulloblastoma but also with
other types of cancer have been compared with those
found in children with the primary inattentive type of
attention deficit hyperactivity disorder.* Consequently,
the use of methylphenidate, a CNS stimulant, has
emerged as a possible intervention in children with
cancer for the treatment of chemotherapy-induced
cognitive dysfunction. Methylphenidate is a dopa-
minergic and noradrenergic agonist influencing the
frontostriatal network that regulates attention and is
commonly used in the treatment of attention deficit
hyperactivity disorder.

Methylphenidate for patients with CNS cancer and
brain-directed cancer therapy

A double-blinded N-of-1 crossover trial® studying the
immediate effects of methylphenidate among cancer
survivors with cognitive dysfunction has been done
within a paediatric population. N-of-1 trials have a within
subject design in which each patient receives active
treatment and placebo in alternating order and, therefore,
acts as his or her own control.” 122 long-term survivors
of acute lymphoblastic leukaemia or malignant brain
tumours, with a median age of 11-8 years, were treated
with placebo or methylphenidate (0-6 mg/kg once,
maximum dose of 20 mg). Participants received
chemotherapy with or without cranial radiotherapy
(39% received chemotherapy only, 14% received cranial
radiotherapy =24 Gy with or without chemotherapy, and
47% received cranial radiotherapy >24 Gy with or without
chemotherapy) for at least 12 months before the
intervention. The methylphenidate group compared
favourably with the placebo group when tested 90 min
after taking the medication, showing improved attention,
cognitive flexibility, and information processing (T-score
difference in the mean Stroop Colour-Word Association
Test 3-9 [SE 1-5], p=0-01).

The same group of researchers did another double-
blinded N-of-1 crossover study” among a paediatric
cohort of survivors of acute lymphoblastic leukaemia or
brain tumour with a median age of 11-9 years who
received 3 weeks of alternating placebo, low-dose
(0-3 mg/kg, maximum dose of 10 mg) methylphenidate,
and moderate-dose (0-6 mg/kg, maximum dose of
20 mg) methylphenidate. Behaviour and social skills
were defined as primary endpoints for short-term efficacy
of methylphenidate and were evaluated weekly by parents
and teachers. Both methylphenidate-treated subgroups
showed improved results compared with the placebo
group (difference in Conners’ Rating Scale for attention
and cognitive problems between groups of —=3-4 [SE 1-4]
for low-dose methylphenidate [p=0-017] and —4-1 [1-4]
for moderate-dose methylphenidate [p=0-004] when
evaluated by parents; -3-6 [1-0] for low-dose methyl-
phenidate [p=0-001] and -3-1 [1-0] for moderate-dose

methylphenidate [p<0-004] when evaluated by teachers)
and the Social Skills Rating System was not significant
when evaluated by parents (mean normative score
difference between groups 2-3 [1-7] for low-dose
methylphenidate and 2.8 [1-8] for moderate-dose methyl-
phenidate, both p>0.05), but significant when evaluated
by teachers (4-2 [1-5], p=0-006 for low-dose methyl-
phenidate, 5.7 [1-5], p=0-001 for moderate-dose
methylphenidate). No statistically significant difference
was observed between moderate-dose and low-dose
methylphenidate.

The same group did a third trial® studying patients
with the same inclusion criteria (ie, survivors of acute
lymphoblastic leukaemia or brain tumour, same age as
previous study [about 11 years], and same pretreatment
[chemotherapy, CNS-directed radiotherapy, or both]),
although doses have differed from those in the other
methylphenidate trials in the peadiatric population:
dose of methylphenidate was weight-adjusted (starting
dose for <30 kg bodyweight: 5 mg once or twice daily;
230 kg bodyweight: 18 mg daily) and titrated upon clinical
response (up to 36 mg daily). The assessment of the
methylphenidate group at the end of the 12-month period
was administered while patients were still on methyl-
phenidate. The control group consisted of 54 cancer
survivors (31 patients with brain tumour and 23 patients
with acute lymphoblastic leukaemia) who had previously
participated in the study of Conklin and colleagues®
testing short-term efficacy of methylphenidate, but
refused to participate in the long-term study for the
following reasons: declined participation in a study
medication phase of the trial; were previously classified
as methylphenidate non-responder; had adverse effects
and, therefore, discontinued; or refused for other
reasons. The positive effects of open-label prescribed
methylphenidate were durable over 1 year: after
12 months of treatment, 68 childhood cancer survivors
did significantly better when tested for attention and
behaviour using a broad test battery compared with a
cancer control group. Therefore, the authors concluded
that methylphenidate has the potential to benefit long-
term in treating cognitive dysfunction in paediatric
patients with cancer. However, response to methyl-
phenidate in improving cognitive function was 45% lower
than typically measured in patients with attention deficit
hyperactivity disorder.

Although compelling evidence exists for the beneficial
effects of methylphenidate on cognitive symptoms induced
by CNS-directed cancer therapy in paediatric patients with
cancet, only one study” has been done in adults with brain
cancer. Gehring and colleagues® treated 24 adult patients
with primary brain tumour, who were randomised to
either open-label modafinil (200 mg daily) or open-label
methylphenidate (18 mg daily or 10 mg twice daily) for
4 weeks. Almost all patients had completed chemotherapy
and radiotherapy and 60% underwent chemotherapy
during the study. Cognition and fatigue were tested at
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baseline and after the end of cancer treatment to evaluate
the general and differential efficacy of the two CNS
stimulants. Following the fixed daily dose of medication,
all treated patients showed significant improvement in
processing speed, executive function, and fatigue without
favouring one treatment group. However, patients in this
study had active disease and the study was not placebo-
controlled. Accordingly, the study was not designed to
exclude the possibility that CNS stimulants treated direct
tumour effects on cognition rather than the effects of
chemotherapy or radiotherapy. It is also possible that
improvement in cognition was due to response of the
tumour to therapy and decrease in tumour burden.

Methylphenidate for patients with non-CNS cancer and
systemic cancer therapy

The effects of methylphenidate were studied in clinical
trials among adult cancer survivors who received
systemic chemotherapy for non-CNS cancer. Mar Fan
and colleagues™ enrolled 57 women (29 women received
the drug and 28 placebo) undergoing adjuvant chemo-
therapy for fully resected breast cancer in a random-
ised, placebo-controlled trial studying the effect of
concomitant methylphenidate (10 mg or 20 mg daily) on
cognitive dysfunction and fatigue. Although the study
did not show any significant differences between
the groups at the end of treatment and 6 months after
chemotherapy, the trial did not meet its accrual goal of
170 patients and the authors concluded that the study
was underpowered for analysis. Indeed, another
randomised controlled trial was done in 154 adult
patients with predominantly breast or ovarian cancer
who were administered placebo or methylphenidate
(10 mg daily) 2 months or more receiving four cycles or
more of chemotherapy.” After 8 weeks of treatment,
fatigue was assessed with the self-rating functional
assessment of chronic illness therapy-fatigue subscale
questionnaire and cognition domains were assessed with
the high sensitivity cognitive screen, a brief objective
cognitive screening measure. Although fatigue improved
significantly in the treatment group, no difference in
cognitive function was measured between both groups.
Although these results did not support a positive effect of
methylphenidate on cognitive impairment, the high
sensitivity cognitive screen assessment tool might have
had inadequate sensitivity, and the authors noted that
their study was not powered to reliably assess the
secondary endpoint of cognitive function and regarded it
as explanatory only. Escalante and colleagues® did a
double-blinded N-of-1 crossover trial with 33 women who
underwent chemotherapy or hormonal therapy for breast
cancer. One group received methylphenidate (18 mg
daily) for 2 weeks followed by placebo for 2 weeks;
the second group received placebo followed by methyl-
phenidate. No significant difference between the
treatment group and the placebo group was seen by
assessing the worst level of fatigue, which was the

www.thelancet.com/oncology Vol 20 February 2019

primary endpoint of this study. Of note, secondary
measures of response at that timepoint showed that
patients who received methylphenidate did significantly
better when tested for verbal learning, memory, visual
perception, analysis, and scanning speed compared with
patients who received placebo.” Patients were also able to
work more hours weekly and indicated a subjective
overall health improvement. However, the sample size
was small (only 33 patients completed all study visits),
and p-values were just short of the significance threshold.

Collectively, existing clinical trial data appear to support
the potential use of methylphenidate for treating cognitive
dysfunction in childhood cancer survivors; however, data
in adult patients with cancer remain controversial. Only
one study has shown beneficial effects of methylphenidate
in patients with brain tumours.” Although two random-
ised control trials did not show a positive effect of
methylphenidate on neurocognitive deficits in the context
of chemotherapy-induced impairment,”* the most recent
study by Escalante and colleagues® reported an improve-
ment in neurocognitive deficits following methyl-
phenidate in patients undergoing systemic chemotherapy,
albeit only slightly (table 1). A phase 2 trial (NCT02970500)
to assess methylphenidate for cognitive dysfunction
management is ongoing for a cohort of patients with
breast cancer undergoing systemic cancer therapy and
might provide further insight on the potential effects of
methylphenidate.

Modafinil

Modafinil is a CNS stimulant established as a first-line
treatment for improving wakefulness in the context of
narcolepsy, obstructive sleep apnoea, or shift work sleep
disorder.® In contrast to methylphenidate, modafinil is
exclusively approved for adults. Modafinil acts primarily
on hypothalamic sleep-regulating centres through the
decrease of gamma-amino butyric acid (GABA) in the
sleep-inducing preoptic area. This selective interaction
with the sleep-wake cycle, as opposed to generalised
excitation, might be the reason that modafinil is
associated with fewer side-effects and lower likelihood of
drug tolerance than other CNS stimulants such as
methylphenidate.® The effect of modafinil on cognitive
function in patients with cancer remains controversial:
although some pilot studies have shown that modafinil
appears superior compared with placebo in improving
psychomotor dysfunction, resulting in faster task
switching ability and improved fine motor skills,” other
randomised controlled trials did not find clear evidence
to support this hypothesis.” However, previous or active
cancer therapy were not inclusion criteria in these
studies.

Modafinil for patients with CNS cancer and brain-
directed cancer therapy

The open-label trial done by Gehring and colleagues®
comparing modafinil and methylphenidate in 24 patients

e94



Review

with brain tumours is the only study of modafinil in
patients undergoing brain directed-cancer therapy. A
significant positive effect of modafinil (200 mg daily) was
seen on processing speed, executive function, and fatigue
compared to methylphenidate (10 mg methylphenidate

twice daily, or 18 mg once daily). However, the absence of
a placebo group restricts the interpretation of the results
as it does not allow to rule out non-specific treatment
effects (such as placebo effect) as an explanation for the
observed positive effects after stimulant treatment.

Study design Study population Study focus  Treatment Cognitive assessment methods and significantly
and placebo  improved cognitive domain
duration
Methylphenidate
Patients with brain-directed cancer therapy
Conklin and colleagues® (2007) N-of-1 crossover Children (n=122): leukaemia or Symptoms 2 days Stroop word-colour association test: processing speed,
brain tumour attention, cognitive flexibility
Mulhern and colleagues” (2004)  N-of-1 crossover Children (n=83): leukaemia or Symptoms 3 weeks Conners' rating scales: attention or hyperactivity; social
brain tumour skills rating system: social skills
Conklin and colleagues® (2010) ~ Open-label, single group  Children (n=68): leukaemia or Symptoms 52 weeks Conners’ Rating Scales and Conners’ continuous
with non-placebo brain tumour performance test: attention; social skills rating system
control group and child behaviour checklist: social skills or behaviour
Gehring and colleagues® (2012)  Open-label, two groups, Adults (n=24): brain tumour Symptoms 4 weeks WAIS-III digit symbol test: processing speed; trail making
without placebo test part B: executive function (after stimulant treatment
with methylphenidate or modafinil)
Patients with systemic cancer therapy
Mar Fan and colleagues® (2008)  Double-blind RCT Adults (n=57): breast cancer Prevention 3-20weeks  Nosignificant differences (high sensitivity cognitive
screen: cognitive screening test; revised Hopkins verbal
learning test: memory; self-reported fatigue and quality
of life)
Lower and colleagues®* (2009) Double-blind RCT Adults (n=154): breast canceror ~ Symptoms 8 weeks No significant differences (high sensitivity cognitive
ovarian cancer screen, and modified Swanson, Nelson and Pelham
attention deficit and hyperactivity scale: attention)
Escalante and colleagues® (2014)  N-of-1 crossover Adults (n=33): breast cancer Symptoms 4 weeks WAIS-IIl digit span test: attention.
Modafinil
Patients with brain-directed cancer therapy
Gehring and colleagues® (2012) ~ Open-label, two groups, Adults (n=24): brain tumour Symptoms 4 weeks WAIS-IIl digit symbol test: processing speed; trail making
without placebo test part B: executive function (after stimulant treatment
with methylphenidate or modafinil)
Patients with systemic cancer therapy
Kohli and colleagues® (2009) Phase 1: open-label Adults (n=82): breast cancer Symptoms Phaselor2:  Cognitive drug research computerised assessment system:
single arm; phase 2: 4 weeks each  speed and quality of memory, and attention
RCT
Donepezil
Patients with brain-directed cancer therapy
Shaw and colleagues** (2006) Open-label, single-arm  Adults (n=24): brain tumour Symptoms 24 weeks WAIS-IIl digit span test: attention; California verbal
learning test-Il and modified Rey-Osterrieth figure test
recall: verbal or figural memory
Rapp and colleagues® (2015) Double-blind RCT Adults (n=198): brain tumour Symptoms 24 weeks Revised Hopkins verbal learning Test: memory; grooved
pegboad for the dominant hand: motor speed and
dexterity
Castellino and colleagues® (2012) Open-label, single-arm  Children (n=11): brain tumour Symptoms 24 weeks Dellis-Kaplan executive function tower test: executive
function; wide range assessment of memory and learning,
second edition: memory
Correa and colleagues” (2016) Open-label, single-arm  Adults (n=15): brain tumour Symptoms 24 weeks WAIS-IIl digit span test: attention; WAIS-III digit symbol
test: attention or processing speed; revised brief
visuospatial memory test: memory
Patients with systemic cancer therapy
Lawrence and colleagues® (2016)  Double-blind RCT Adults (n=62): breast cancer Symptoms 24 weeks Revised Hopkins verbal learning test: memory
Memantine
Brown and colleagues® (2013) Double-blind RCT Adults (n=508): brain metastases  Prevention 24 weeks Revised Hopkins verbal learning test: memory; trail

(lung, breast, and colon cancer)

making test part A: processing speed; controlled oral word
association: language and executive function; mini
mental state exam: cognitive screening

(Table 1 continues on next page)

€95

www.thelancet.com/oncology Vol 20 February 2019




Review

without placebo
anaemia

WAIS=Wechsler adult intelligence scale. RCT=randomised clinical trial.

Study design Study population Study focus ~ Treatment Cognitive assessment methods and improved
duration cognitive domain
(Continued from previous page)
Ginkgo biloba
Patients with brain-directed cancer therapy
Attia and colleagues® (2012) Open-label, single-arm  Adults (n=34): brain tumour Symptoms 24 weeks Trail making test part A: processing speed; trail making
test part B: executive function; modified Rey-Osterrieth
figure test recall: memory
Patients with systemic cancer therapy
Barton and colleagues* (2013) Double-blind RCT Adults (n=166): breast cancer Prevention During and No significant differences (high sensitivity cognitive
1 month after  screening and trail making test parts A and B: processing
chemotherapy speed, executive function; perceived health scale,
cognitive subscale, and profile of mood state, confusion
or bewilderment subscale: subjective rating of cognition)
Erythropoietin
Massa and colleagues* (2006) Open-label, single-arm  Adults (n=10): patients with Prevention 12 weeks Mini mental state examination: cognitive function
cancer and concurrent anaemia
Iconomou and colleagues® (2008)  Open-label, single-arm  Adults (n=50): patients with Prevention 12 weeks No significant differences (mini mental state
cancer and concurrent anaemia examination: cognitive screening)
0’Shaughnessy and colleagues* Double-blind RTC Adults (n=94): breast cancer Prevention 12 weeks No statistical comparison done (executive Interview
(2005) [EXIT25] and clock drawing tasks: executive screening)
Fan and colleagues*(2009) Open-label, two groups, Adults (n=87) : patients with Prevention 16-28 weeks  No significant differences (mini mental state examination

breast cancer and concurrent

and high sensitivity cognitive screening: cognitive

screening; revised Hopkins verbal learning test: memory)

Table 1: Clinical studies of pharmacotherapy for cancer therapy-induced cognitive symptoms

Modafinil for patients with non-CNS cancer and
systemic cancer therapy

A study to evaluate the effects of modafinil on systemic
cancer therapy-induced cognitive deficits was done by
Kohli and colleagues.” The effects of modafinil on
cognitive dysfunction were analysed in 82 patients with
breast cancer who completed chemotherapy or chest
radiotherapy more than 1 month before the study. All
patients received modafinil (200 mg daily) for 4 weeks
(phase 1), and patients with a favourable response were
randomised to receive an additional 4-week intervention
with either modafinil or placebo (phase 2). Memory and
attention were tested at baseline and after phase 1 and
phase 2 with tests for memory and attention selected
from the cognitive drug research computerised
assessment system. Modafinil significantly improved
memory during phase 1 (mean change in speed of
memory index from baseline to end of phase 1 was
of 240-003 seconds, p=0-0073; mean change in quality of
episodic memory from baseline to end of phase 1 was
26-826, p<0-0001), and only patients who were assigned
modafinil in phase 2 continued to show significant
improvement in memory (p=0-029 for memory speed;
p=0-015 for quality of episodic memory) and attention
(p=0-010 for continuity of attention). On a cautionary
note, the study by Kohli and colleagues exclusively
included patients who presented with fatigue, as the
primary goal was to evaluate the effects of modafinil on
post-treatment fatigue. Therefore, the generalisation of
the results from this study might be restricted.
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The role of CNS stimulants, such as modafinil and
methylphenidate, in treating chemotherapy-induced
cognitive dysfunction in adult patients with cancer
remains, therefore, inconclusive (table 1).

Anti-dementia drugs

Donepezil

Donepezil is an acetylcholinesterase inhibitor and among
the few drugs approved by the US Food and Drug
Administration for the treatment of Alzheimer’s disease.
Donepezil reduces atrophy of the basal forebrain
cholinergic system, a network projecting to the cortex,
entorhinal cortex, and hippocampus.” Impairment of
memory is commonly seen in patients with brain
tumours,® brain-directed therapies,” and following
systemic chemotherapy.® Loss of hippocampal neural
progenitor cells has been shown in numerous preclinical
studies testing the effects of chemotherapy and
radiotherapy,” suggesting that hippocampal dysfunction
might underlie these memory deficits.”

Donepezil for patients with CNS cancer and brain-
directed cancer therapy

The potential benefit from donepezil is supported by
a prospective, open-label, single-arm phase 2 trial of
donepezil in 24 patients with brain tumours and cognitive
impairment who completed cranial radiotherapy.*
Cognitive functions, such as concentration and verbal
memory, significantly improved following a 24-week
course of donepezil. The positive results were ratified in a
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phase 3 double-blinded randomised controlled trial done
by the same group in a cohort of 198 survivors of brain
cancer after cranial irradiation,” showing that a 24-week
treatment with donepezil was superior to placebo in
improving cognitive functions. Significant differences
after 24 weeks between the groups were observed in the
Grooved Pegboard for the dominant hand testing motor
speed and dexterity (least square mean scores 105-1 [3-4]
for donepezil vs 117-0 [3- 5] for placebo, p=0-016), and the
Revised Hopkins Verbal Learning Test (HVLI-R) assessing
memory (least square mean scores for HVLI-R recognition
10-9[0-2] for donepezil vs 10- 3 [0- 2] for placebo, p=0-027;
least square mean scores for HVLT-R discrimination 10-1
[0-2] for donepezil vs 9-2 [0-2] for placebo, p=0-007).
Perhaps, most importantly, this study showed an
interaction between treatment effect and individual
cognitive impairment, in that those patients who had
more significant memory deficits before treatment
showed a greater benefit of donepezil when compared
with patients with less memory deficits before treatment.

Castellino and colleagues® did an open-label pilot study
in 11 survivors of childhood brain tumour with a median
age of 11-1 years who completed cranial radiotherapy
more than 22 months before enrolment, of which
eight (73%) of those patients had also completed
concurrent chemotherapy. All patients received age-
adjusted doses of donepezil for 24 weeks. Neurocognitive
outcome was evaluated at baseline and after 12 weeks,
24 weeks, and 36 weeks after the intervention with
objective cognitive measurements. Visual memory,
executive function, and working memory showed
significant improvement 24 weeks after treatment
compared with baseline. The largest effect was measured
with the Dellis-Kaplan Executive Function Test Tower Test,
which changed from mean baseline scaled score of 8-3 to
11-7 at week 24 (p<0-001). Moreover, after a washout
period of 12 weeks, a trend towards decline in some
cognitive domains was observed. Another open-label,
single-arm pilot study with 15 adult patients with brain
tumour who had completed chemotherapy or radio-
chemotherapy was previously published.” A daily dose of
donepezil (5 mg daily for 4 weeks, and subsequently 10 mg
daily for 20 weeks) was administered for 24 weeks, and
cognitive evaluation was done at baseline, and 12 weeks
and 24 weeks after the intervention. A beneficial treatment
effect was seen after 12 weeks, and a treatment duration of
24 weeks had a significant positive effect on attention,
graphomotor speed, and visual memory.

Donepezil for patients with non-CNS cancer and
systemic cancer therapy

One double-blinded randomised controlled trial evaluated
donepezil in systemic chemotherapy-induced cognitive
dysfunction.” 62 female survivors of breast cancer who
completed more than four cycles of chemotherapy and
had cognitive dysfunction were enrolled and treated
with 24 weeks of donepezil (5 mg daily for 4 weeks,

and subsequently 10 mg daily for 20 weeks) or placebo.
Neurocognitive function was assessed with several
standardised neuropsychological tests that included the
Revised Hopkins Verbal Learning Test (HVLI-R), Rey-
Osterreith Complex Figure Test, Controlled Oral Word
Association Test, Trail Making Tests, Digit Span Test,
and Grooved Pegboard test at baseline (N=60) and at
24 weeks after the intervention (N=46). Donepezil
produced significantly greater improvements than placebo
on two measurements of memory, HVLI-R total recall
(improvement of 2-1 points for donepezil vs decline of
0-4 points for placebo, p=0-033) and HVII-R delayed
recognition discrimination index (improvement of
0-5 points for donepezil vs decline of 0-4 points for
placebo, p=0-036). Notably, other measures of cognitive
function remained stable, suggesting that donepezil
might have had a preferential effect on the hippocampal
memory system. According to the authors, positive effects
of donepezil were sustained at the 36-week timepoint but
were not reported in further detail in the original
manuscript. The results of an ongoing phase 3 trial
(NCT02822573) for treatment of cognitive symptoms in
survivors of breast cancer after systemic chemotherapy
promises to provide further insight into the usefulness of
donepezil in this patient population.

Although clinical data on using donepezil in cancer
therapy-induced cognitive dysfunction is restricted, the
existing studies suggest a benefit in this patient
population. Based on findings from donepezil treatment
of patients with both CNS and non-CNS cancer,” the
decision to treat an individual patient might be based on
the nature and severity of cognitive dysfunction.
Specifically, those patients with memory impairment
(as opposed to deficits in attention, processing speed, or
other cognitive domains) and those who are more severely
affected appear to have a great likelihood of benefit.
Future clinical trials potentially testing higher doses of
donepezil might face dose-dependent side-effects with
this treatment;* however, the available studies found only
minimal toxicities that mainly included fatigue, insomnia,
and gastrointestinal symptoms, resulting in low dropout
rates.***

Memantine

The N-methyl-D-aspartate receptor (NMDA) antagonist
memantine is an anti-dementia drug, acting through
amelioration of glutamatergic neurotransmission, and is
a treatment option for various subtypes of dementia,
including Alzheimer’s disease and dementia with Lewy
body.*

Memantine for patients with CNS cancer and brain-
directed cancer therapy

Brown and colleagues® randomised a large cohort of
508 patients with brain metastases to either receive
24 weeks of placebo or memantine (20 mg daily), within
3 days of the initiation of whole-brain radiotherapy. About
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half of patients in the double-blinded randomised
controlled trial had received chemotherapy previously, and
a third had chemotherapy while on the study. Cognition
was evaluated at baseline and weeks 8, 16, 24, and 52 after
treatment. Although the predefined primary endpoint of
reduced decline in delayed recall was not reached, several
findings favoured the memantine group. Memantine
reduced probability of cognitive failure at 24 weeks
(53-8% vs 64-9%, hazard ratio [HR] 0-78, p=0-01)
and fewer patients had a decline in delayed recognition
(HVLI-R delayed recognition median decline in stand-
ardised scores at 24 weeks 0 vs —1, p=0-0149), executive
function (group scores not available), and processing
speed (group scores not available). Notably, an intent-to-
treat analysis was done but only 29% of all eligible patients
completed the 24-week assessment. Because a careful
objective neuropsychological test battery was used in this
study, the findings, though of marginal statistical
significance, might be interpreted as showing only modest
neuroprotective effects from memantine. The results
were ratified in a second analysis of this cohort that also
found that dynamic contrast enhanced-MRI might be a
possible imaging biomarker for the radioprotective
properties of memantine.” More clinical trials are ongoing
in this regard: a phase 2 or 3 trial to investigate the effects
of memantine on cognitive function in patients after head
or neck radiotherapy (NCT03342443), and a phase 3 trial
of patients undergoing brain radiotherapy (NCT02360215).
No data exist so far to specifically comment on the
effect of memantine in non-CNS cancer and systemic
chemotherapy-induced cognitive dysfunction (table 2).

Ginkgo biloba

Ginkgo biloba for patients with CNS cancer and
brain-directed cancer therapy

An open-label phase 2 trial with 34 patients with brain
tumour who completed radiotherapy and were all
consecutively treated with ginkgo biloba (120 mg daily) for
24 weeks showed positive effects on cognitive function.”
Significant improvements were found on cognitive tests
assessing the domains of processing speed, executive
function, and memory. However, this study was limited
because of the absence of a placebo control and because it
did not control for practice effects that might account for
improvement in test scores over time.

Ginkgo biloba for patients with non-CNS cancer and
systemic cancer therapy

Results from a double-blind randomised controlled trial
with 166 patients with breast cancer treated with
ginkgo biloba (120 mg daily) during chemotherapy and
1 month after completion of chemotherapy, showed no
benefit for the treatment group on subjective report of
cognitive symptoms or objectively tested cognitive
function.” These negative results line up with other
randomised control trials that reported no beneficial
effect of ginkgo biloba for cognitive dysfunction in other
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Potential targets or mechanisms of action

Clinical trial registry
numbers

CNS stimulants

Methylphenidate® Activation status of the frontostriatal network
Anti-dementia drugs
Donepezil*® Basal forebrain cholinergic system protection

Memantine>* Glutamatergic neurotransmission

Potentially neuroprotective drugs
Patients with brain-directed cancer therapy
Lithium® Protection against hippocampal neuron apoptosis
Pioglitazone® Anti-inflammatory, less oxidative neuron injury
Ramipril® Anti-inflammatory, less oxidative neuron injury
Patients with systemic cancer therapy
Fluoxetine® Protection of dividing cells in the hippocampus

Docosahexaenoicacid®  Functional recovery, reduction of microglia

infiltration
Ibuprofen® Anti-inflammatory, less oxidative neuron injury
Nicotine® Glutamatergic neurotransmission

NCT02970500

NCT02822573

NCT03342443
NCT02360215

NCT01486459
NCT01151670
NCT03475186

NCT01615055
NCT02517502

NCT03186638
NCT02312934

Table 2: Ongoing clinical trials of pharmacotherapy for cancer therapy-induced cognitive symptoms

settings, such as for the prevention of progressive
memory complaints in Alzheimer’s disease or slowing
the rates of global cognitive declines in patients over the
age 72 years.*®

Erythropoietin

Erythropoietin is an endogenous hormone stimulating
the proliferation of red blood cells. It exhibits inhibitory
properties on apoptotic cell death in haematopoietic
tissue, as well as non-haematopoietic tissue.®® It is not
only used for the treatment of anaemia, but also for
neuroprotection in preterm infants. Although no studies
exist specifically for the use of erythropoietin in patients
with brain tumours or brain directed-cancer therapy, the
potential for prevention or treatment of systemic
chemotherapy-induced neurocognitive decline has been
examined in several studies.

Erythropoietin for patients with non-CNS cancer and
systemic cancer therapy

Massa and colleagues®” administered erythropoietin
(20000 international units subcutaneously, 6 days
per week for 2 weeks, subsequently 10000 international
units 3 days per week for 10 weeks) to 10 patients with
cancer and who had anaemia who were undergoing
12 weeks of chemotherapy. After 4 weeks, 8 weeks, and
12 weeks of treatment, the authors found that
erythropoietin significantly improved anaemia, as well as
cognitive function, with significant correlation between
these two parameters (Spearman’s rank correlation test,
p=0-049 at 4 weeks, p=0-044 at 8 weeks, and p=0-031 at
12 weeks). Therefore, the study might have shown that
improving haemoglobin levels is associated with
improved neurocognition, but was not designed to prove
the neuroprotective properties of erythropoietin in
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Figure: Structural and cellular basis of cancer therapy-induced neurotoxicity

Loss of hippocampal neural progenitor cells is considered a key mechanism for cancer therapy-induced cognitive
impairment. Damage to neurovascular units and myelin might also contribute to neurodegeneration. The structural
effects are thought to be mediated by direct cellular treatment toxicity, inflammation, and oxidative stress.

Cancer therapy-induced mitochondrial damage and microglia activation further enhance neurodegenerative
processes. However, definitive molecular mechanisms remain to be elucidated. All these potential mechanisms are
interconnected in a downstream dynamic process of structural and cellular changes. The accumulated damage
results, ultimately, in neurodegeneration.
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chemotherapy patients. Moreover, the study was limited
because of its very small sample size of only 10 patients.
Indeed, an open-label single arm study with 50 patients
with cancer who had anaemia did not show a positive
effect of erythropoietin on haemoglobin levels after
12 weeks of treatment (40000 international units
subcutaneously, once weekly).”

A multicentre double-blinded randomised controlled
trial placed 94 patients with breast cancer on
erythropoietin (40000 IU subcutaneously once weekly) or
on placebo at the beginning of four cycles of adjuvant
anthracycline-containing chemotherapy administered
over 12 weeks.* Anaemia at baseline was not a criterion
for inclusion in this study. Cognitive function was
measured at baseline, 1 week before cycle 4, and 6 months
after completion of chemotherapy. Although a mild
difference in cognitive function before cycle 4 was seen
between the two groups favouring the treatment group
(Executive interview [EXIT25] score-difference from
baseline to cycle 4 of chemotherapy: —1-3 [SD 3-3] in the
erythropoietin group and 0-3 [2-4] in the placebo group;
negative changes indicate improved executive function),
the authors concluded that the study was not powered
adequately nor designed to reliably test for statistically
significant differences between the intervention and the
placebo. Therefore, the authors of this study did not do a
statistical comparison.

A study focusing on the long-term neuroprotective
effects against chemotherapy-induced damage using
erythropoietin was done by Fan and colleagues.” 87 patients
with breast cancer and anaemia undergoing chemo-
therapy received erythropoietin (40000 international
units subcutaneously once weekly) for 16-28 weeks

versus standard of care, and cognitive function was
assessed 12-30 months after treatment. This study also did
not show a clear significant protective effect of
erythropoietin against delayed cognitive dysfunction.
Collectively, although improvement in haemoglobin
levels might have a an effect on cognitive function in
patients with cancer, no study so far has conclusively
showed a definite neuroprotective effect of erythropoietin
in patients undergoing chemotherapy. Moreover,
concerns remain of potentially increasing the risk of
thromboembolic complications in patients treated with
erythropoietin.”* Prospective clinical trials designed to
specifically study potential neuroprotective properties
and associated cardiovascular risks of erythropoietin
using objective cognitive tests and placebo-controlled
groups are needed to elucidate this point further (table 1).

Future directions

Management of cancer therapy-induced cognitive dys-
function remains highly challenging because of the
heterogeneity of symptoms and paucity of effective
treatment options. Hippocampal dysfunction is
considered a key mechanism of cancer therapy-induced
neurotoxicity, whereas other cellular and molecular
mechanisms appear less clear and remain to be
elucidated as possible targets for treatment (figure).”*
Although some drugs, such as CNS stimulants and
antidementia drugs have been proposed as useful agents
for this patient population, well controlled prospective
clinical trials are urgently needed to elucidate the true
potential of candidate drugs (table 2).

Drugs used in other neurologic conditions have recently
drawn the attention of researchers in the field
of neuroprotection and neurocognition. For example,
in-vitro data have encouraged the use of lithium,
pioglitazone, and ramipril for neuroprotection following
brain-directed therapy. Accordingly, clinical phase 1 trials
for the prevention of radiotherapy-induced cognitive
dysfunction are ongoing for lithium (in patients with
lung cancer undergoing prophylactic cranial radiotherapy,
NCT01486459) and pioglitazone, an antidiabetic drug (in
patients with brain tumour, NCT01151670). A phase 2 trial
for ramipril (NCT03475186), a centrally acting
angiotensin-converting enzyme inhibitor, is planned in
patients with brain tumour. Other promising drugs for
patients that received brain-directed cancer therapy are
AT1 receptor antagonists, a group of antihypertensive
drugs that have been shown to ameliorate radiotherapy-
induced cognitive dysfunction in preclinical settings.”

Fluoxetine, a selective serotonin reuptake inhibitor,
was found to exhibit protective properties in the CNS
against systemic chemotherapy in a rodent model,* and
a phase 1 trial (NCT01615055) is scheduled to elucidate
potential protective effects in patients with breast cancer
or lymphoma wundergoing systemic chemotherapy.
Two more potentially neuroprotective drugs are being
analysed in clinical studies for patients with systemic
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chemotherapy: docosahexaenoic acid in a phase 1 trial
(patients with breast cancer, NCT02517502), and
ibuprofen in a phase 2 trial (patients with colorectal
cancer, NCT03186638). A clinical trial using nicotine
dermal patches was recently planned for patients with
breast cancer after chemotherapy (NCT02312934), on the
basis that nicotine, a cholinergic agonist, might affect
alertness and have some neuroprotective effects.
Therefore, these drugs might provide new options for
the prevention or treatment of cancer therapy-induced
cognitive dysfunction in the future.

Another potential avenue for neuroprotection is the use
of novel drugs developed to minimise oxidative stress or
mitochondrial dysfunction caused by radiotherapy or
chemotherapy. Astaxanthin is a naturally occurring
carotenoid with antioxidant properties and was found to
protect memory in a rodent model of chemotherapy-
induced cognitive dysfunction.” Other drugs that have
successfully prevented chemotherapy-induced cognitive
decline in animal models are KU-32, which inhibits
chaperones and is thought to repair mitochondrial
damage,” and PAN-811, a ribonucleotide reductase
inhibitor with the capability of scavenging free radicals.”
The use of antioxidants as a strategy to prevent
neurotoxicity or enhance neural repair will have to be
carefully evaluated in the context of the potential concern
that such drugs might also alter the effects of chemo-
therapy or radiotherapy on tumour cells.”” Although
controversial data exist on the use of antioxidants and the
role of oxidative stress to promote carcinogenesis and
tumour growth,” it will be crucial to show whether
the use of a specific antioxidant might enhance or reduce
the tumour-killing properties of existing cancer therapies.

An unanticipated connection between bone marrow
function and brain plasticity has emerged, suggesting an
alternative strategy for neural repair. Using a mouse
model, our group showed that bone marrow-derived
G-CSF-responsive cells are a crucial component of
endogenous brain repair following radiation injury.”*
Cells of monocyte-macrophage origin are able to migrate
to the CNS, where they eventually mature and integrate
into the cellular microenvironment. Accordingly,
irradiated mice treated with G-CSF showed improved
restoration of cerebral white matter and improved
cognitive function.

The potential for combined therapies that integrate
pharmacological interventions with non-pharmacological
approaches has not been well studied. Most treatment
studies, in seeking to control confounds and maximise
power of direct head-to-head comparisons, have chosen
to explore the effect of either pharmacotherapy or non-
pharmacological treatments. However, new clinical trials
are being designed to explore the potential for
complementary effects of these treatment strategies.
For example, an ongoing randomised controlled trial is
combining the potential anti-inflammatory effects of
ibuprofen versus placebo using a physical exercise
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programme for patients with cancer (NCT01238120).
It will be important to integrate maximally effective
pharmacological approaches with other treatments that
have showed efficacy in this population, such as cognitive
rehabilitation and stress reduction therapy, in future
studies.”*

Conclusion

Numerous drug therapies have been proposed for the
treatment of cancer therapy-induced cognitive dysfun-
ction. Prospective and placebo-controlled clinical trials
are few at this point. Although open-label, single-arm
studies have suggested trends towards drug efficacy, they
are at risk of generating false-positive results caused by
placebo and repetitive cognitive testing-induced practice
effects. Of the nine open-label trials highlighted in this
Review, only one corrected for practice effects using the
reliable change index.” Another limitation is the
substantial heterogeneity in the patient cohorts among
the studies. Trials analysing cognitive improvement
based on therapeutic drugs as secondary objectives might
not indicate if the patient’s cognition is impaired at
baseline, complicating the interpretation of study
results.” This point is a crucial issue as it has been
suggested that patients with cognitive impairment at
baseline have greater potential for treatment-induced
improvement compared with those without an impair-
ment at baseline.* Also, inclusion criteria, such as receipt
of previous cancer therapies, vary between clinical trials
and pathomechanisms might differ for patients who
have undergone chemotherapy or radiotherapy alone
from those who received combined treatment. Moreover,
numerous risk factors, comorbidities, and medications
(eg, neuroleptics, anti-epileptics, and mood stabilisers)
that might adversely affect brain plasticity and
vulnerability to cancer therapies will need to be controlled
for in prospective studies. An increasing understanding
of the basic mechanisms underlying cognitive deficits in
patients with cancer will be crucial to identify novel
treatment strategies that can specifically target molecular
or cellular pathomechanisms to help mitigate or
potentially alleviate cognitive dysfunction for patients
with cancer.

Contributors

PK and JD did the study concept and design. All authors participated in

the data analysis and interpretation, and drafting and revising of
manuscript.

Declaration of interests

MWP is a consultant for Monteris Medical Inc and earns royalties from
the American Psychological Association. PK and JD have nothing to
declare.

Acknowledgments
JD received generous support from the American Cancer Society, the
American Academy of Neurology, and the Amy Gallagher Foundation.

References

1  Wolchok JD, Chiarion-Sileni V, Gonzalez R, et al. Overall survival
with combined nivolumab and ipilimumab in advanced melanoma.
N Engl ] Med 2017; 377: 1345-56.

€100



Review

e101

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab
plus chemotherapy in metastatic non-small-cell lung cancer.

N Engl ] Med 2018; 378: 2078-92.

Swain SM, Baselga J, Kim SB, et al. Pertuzumab, trastuzumab, and
docetaxel in HER2-positive metastatic breast cancer. N Engl | Med
2015; 372: 724-34.

Ahles TA, Root JC, Ryan EL. Cancer- and cancer
treatment-associated cognitive change: an update on the state of the
science. J Clin Oncol 2012; 30: 3675-86.

Jim HS, Phillips KM, Chait S, et al. Meta-analysis of cognitive
functioning in breast cancer survivors previously treated with
standard-dose chemotherapy. J Clin Oncol 2012; 30: 3578-87.

Wefel JS, Saleeba AK, Buzdar AU, Meyers CA. Acute and late onset
cognitive dysfunction associated with chemotherapy in women with
breast cancer. Cancer 2010; 116: 3348-56.

Vardy JL, Dhillon HM, Pond GR, et al. Cognitive function in
patients with colorectal cancer who do and do not receive
chemotherapy: a prospective, longitudinal, controlled study.

J Clin Oncol 2015; 33: 4085-92.

Janelsins MC, Kohli S, Mohile SG, Usuki K, Ahles TA, Morrow GR.
An update on cancer- and chemotherapy-related cognitive
dysfunction: current status. Semin Oncol 2011; 38: 431-38.

Ahles TA, Saykin AJ, McDonald BC, et al. Longitudinal assessment
of cognitive changes associated with adjuvant treatment for breast
cancer: impact of age and cognitive reserve. J Clin Oncol 2010;

28: 4434-40.

Wefel JS, Vardy J, Ahles T, Schagen SB. International Cognition and
Cancer Task Force recommendations to harmonise studies of
cognitive function in patients with cancer. Lancet Oncol 2011;

12: 703-08.

Dietrich ], Monje M, Wefel ], Meyers C. Clinical patterns and
biological correlates of cognitive dysfunction associated with cancer
therapy. Oncologist 2008; 13: 1285-95.

Sharafeldin N, Bosworth A, Patel SK, et al. Cognitive functioning
after hematopoietic cell transplantation for hematologic
malignancy: results from a prospective longitudinal study.

J Clin Oncol 2018; 36: 463-75.

Soussain C, Ricard D, Fike JR, Mazeron JJ, Psimaras D, Delattre JY.
CNS complications of radiotherapy and chemotherapy. Lancet 2009;
374:1639-51.

Saykin AJ, de Ruiter MB, McDonald BC, Deprez S, Silverman DH.
Neuroimaging biomarkers and cognitive function in non-CNS
cancer and its treatment: current status and recommendations for
future research. Brain Imaging Behav 2013; 7: 363-73.

Pomykala KL, de Ruiter MB, Deprez S, McDonald BC,

Silverman DH. Integrating imaging findings in evaluating the
post-chemotherapy brain. Brain Imaging Behav 2013; 7: 436-52.
Ahles TA, Saykin AJ. Candidate mechanisms for
chemotherapy-induced cognitive changes. Nat Rev Cancer 2007;
7:192-201.

Mandelblatt JS, Stern RA, Luta G, et al. Cognitive impairment in
older patients with breast cancer before systemic therapy: is there
an interaction between cancer and comorbidity? | Clin Oncol 2014;
32:1909-18.

Ahles TA, Hurria A. New challenges in psycho-oncology research
IV: cognition and cancer: conceptual and methodological issues and
future directions. Psychooncology 2018; 27: 3-9.

Menning S, de Ruiter MB, Veltman DJ, et al. Changes in brain
activation in breast cancer patients depend on cognitive domain and
treatment type. PLoS One 2017; 12: e0171724.

Dietrich ], Han R, Yang Y, Mayer-Proschel M, Noble M.

CNS progenitor cells and oligodendrocytes are targets of
chemotherapeutic agents in vitro and in vivo. J Biol 2006; 5: 22.
Greene-Schloesser D, Moore E, Robbins ME. Molecular pathways:
radiation-induced cognitive impairment. Clin Cancer Res 2013;

19: 2294-300.

Treanor CJ, McMenamin UC, O’Neill RF, et al.
Non-pharmacological interventions for cognitive impairment due to
systemic cancer treatment. Cochrane Database Syst Rev 2016;

8: CD011325.

Iyer NS, Balsamo LM, Bracken MB, Kadan-Lottick NS.
Chemotherapy-only treatment effects on long-term neurocognitive
functioning in childhood ALL survivors: a review and meta-analysis.
Blood 2015; 126: 346-53.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

Wefel JS, Kesler SR, Noll KR, Schagen SB. Clinical characteristics,
pathophysiology, and management of noncentral nervous system
cancer-related cognitive impairment in adults. CA Cancer J Clin
2015; 65: 123-38.

Conklin HM, Khan RB, Reddick WE, et al. Acute neurocognitive
response to methylphenidate among survivors of childhood cancer:
a randomized, double-blind, cross-over trial. J Pediatr Psychol 2007;
32: 1127-39.

Collette L, Tombal B. N-of-1 trials in oncology. Lancet Oncol 2015;
16: 885-86.

Mulhern RK, Khan RB, Kaplan S, et al. Short-term efficacy of
methylphenidate: a randomized, double-blind, placebo-controlled
trial among survivors of childhood cancer. J Clin Oncol 2004;

22: 4795-803.

Conklin HM, Reddick WE, Ashford J, et al. Long-term efficacy of
methylphenidate in enhancing attention regulation, social skills,
and academic abilities of childhood cancer survivors. J Clin Oncol
2010; 28: 4465-72.

Gehring K, Patwardhan SY, Collins R, et al. A randomized trial on
the efficacy of methylphenidate and modafinil for improving
cognitive functioning and symptoms in patients with a primary
brain tumor. | Neurooncol 2012; 107: 165-74.

Mar Fan HG, Clemons M, Xu W, et al. A randomised,
placebo-controlled, double-blind trial of the effects of
d-methylphenidate on fatigue and cognitive dysfunction in women
undergoing adjuvant chemotherapy for breast cancer.

Support Care Cancer 2008; 16: 577-83.

Lower EE, Fleishman S, Cooper A, et al. Efficacy of
dexmethylphenidate for the treatment of fatigue after cancer
chemotherapy: a randomized clinical trial. J Pain Symptom Manage
2009; 38: 650-62.

Escalante CP, Meyers C, Reuben JM, et al. A randomized,
double-blind, 2-period, placebo-controlled crossover trial of a
sustained-release methylphenidate in the treatment of fatigue in
cancer patients. Cancer J 2014; 20: 8-14.

Kohli S, Fisher SG, Tra Y, et al. The effect of modafinil on cognitive
function in breast cancer survivors. Cancer 2009; 115: 2605-16.
Shaw EG, Rosdhal R, D’Agostino RB Jr, et al. Phase II study of
donepezil in irradiated brain tumor patients: effect on cognitive
function, mood, and quality of life. J Clin Oncol 2006; 24: 1415-20.
Rapp SR, Case LD, Peiffer A, et al. Donepezil for irradiated brain
tumor survivors: a phase IIT randomized placebo-controlled clinical
trial. J Clin Oncol 2015; 33: 1653-59.

Castellino SM, Tooze JA, Flowers L, et al. Toxicity and efficacy of the
acetylcholinesterase (AChe) inhibitor donepezil in childhood brain
tumor survivors: a pilot study. Pediatr Blood Cancer 2012; 59: 540—47.
Correa DD, Kryza-Lacombe M, Baser RE, Beal K, DeAngelis LM.
Cognitive effects of donepezil therapy in patients with brain
tumors: a pilot study. | Neurooncol 2016; 127: 313-19.

Lawrence JA, Griffin L, Balcueva EP, et al. A study of donepezil in
female breast cancer survivors with self-reported cognitive
dysfunction 1to 5 years following adjuvant chemotherapy.

J Cancer Surviv 2016; 10: 176-84.

Brown PD, Pugh S, Laack NN, et al. Memantine for the prevention
of cognitive dysfunction in patients receiving whole-brain
radiotherapy: a randomized, double-blind, placebo-controlled trial.
Neuro Oncol 2013; 15: 1429-37.

Attia A, Rapp SR, Case LD, et al. Phase II study of Ginkgo biloba in
irradiated brain tumor patients: effect on cognitive function, quality
of life, and mood. J Neurooncol 2012; 109: 357-63.

Barton DL, Burger K, Novotny PJ, et al. The use of Ginkgo biloba
for the prevention of chemotherapy-related cognitive dysfunction in
women receiving adjuvant treatment for breast cancer, NOOC9.
Support Care Cancer 2013; 21: 1185-92.

Massa E, Madeddu C, Lusso MR, Gramignano G, Mantovani G.
Evaluation of the effectiveness of treatment with erythropoietin on
anemia, cognitive functioning and functions studied by
comprehensive geriatric assessment in elderly cancer patients with
anemia related to cancer chemotherapy. Crit Rev Oncol Hematol
2006; 57: 175-82.

Iconomou G, Koutras A, Karaivazoglou K, et al. Effect of epoetin
alpha therapy on cognitive function in anaemic patients with solid
tumours undergoing chemotherapy. Eur J Cancer Care (Engl) 2008;
17: 535-41.

www.thelancet.com/oncology Vol 20 February 2019



Review

44  O’Shaughnessy JA, Vukelja S], Holmes FA, et al. Feasibility of
quantifying the effects of epoetin alfa therapy on cognitive function
in women with breast cancer undergoing adjuvant or neoadjuvant
chemotherapy. Clin Breast Cancer 2005; 5: 439—46.

45 Fan HG, Park A, Xu W, et al. The influence of erythropoietin on
cognitive function in women following chemotherapy for breast
cancer. Psychooncology 2009; 18: 156—61.

46  Czeisler CA, Walsh JK, Roth T, et al. Modafinil for excessive
sleepiness associated with shift-work sleep disorder. N Engl | Med
2005; 353: 476-86.

47  Lundorff LE, Jonsson BH, Sjogren P. Modafinil for attentional and
psychomotor dysfunction in advanced cancer: a double-blind,
randomised, cross-over trial. Palliat Med 2009; 23: 731-38.

48 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: 1420-28.

49 Cavedo E, Grothe M], Colliot O, et al. Reduced basal forebrain
atrophy progression in a randomized Donepezil trial in prodromal
Alzheimer’s disease. Sci Rep 2017; 7: 11706.

50 Tucha O, Smely C, Preier M, Lange KW. Cognitive deficits before
treatment among patients with brain tumors. Neurosurgery 2000;
47: 324-33, discussion 333-34.

51 Monje M, Dietrich J. Cognitive side effects of cancer therapy
demonstrate a functional role for adult neurogenesis.

Behav Brain Res 2012; 227: 376-79.

52 Dietrich J, Prust M, Kaiser J. Chemotherapy, cognitive impairment
and hippocampal toxicity. Neuroscience 2015; 309: 224-32.

53 Kavirajan H, Schneider LS. Efficacy and adverse effects of
cholinesterase inhibitors and memantine in vascular dementia:

a meta-analysis of randomised controlled trials. Lancet Neurol 2007;
6:782-92.

54 Emre M, Tsolaki M, Bonuccelli U, et al. Memantine for patients
with Parkinson’s disease dementia or dementia with Lewy bodies:
a randomised, double-blind, placebo-controlled trial. Lancet Neurol
2010; 9: 969-77.

55 Wong P, Leppert IR, Roberge D, et al. A pilot study using dynamic
contrast enhanced-MRI as a response biomarker of the
radioprotective effect of memantine in patients receiving whole
brain radiotherapy. Oncotarget 2016; 7: 50986-96.

56 Rubia K, Halari R, Cubillo A, et al. Methylphenidate normalizes
fronto-striatal underactivation during interference inhibition in
medication-naive boys with attention-deficit hyperactivity disorder.
Neuropsychopharmacology 2011; 36: 1575-86.

57 Khasraw M, Ashley D, Wheeler G, Berk M. Using lithium as a
neuroprotective agent in patients with cancer. BMC Med 2012;

10: 131.

58 Swanson CR, Joers V, Bondarenko V, et al. The PPAR-y agonist
pioglitazone modulates inflammation and induces neuroprotection
in parkinsonian monkeys. J Neuroinflammation 2011; 8: 91.

59 Jenrow KA, Liu J, Brown SL, Kolozsvary A, Lapanowski K, Kim JH.
Combined atorvastatin and ramipril mitigate radiation-induced
impairment of dentate gyrus neurogenesis. | Neuroonc 2011;

101: 449-56.

60 Lyons L, ElBeltagy M, Bennett G, Wigmore P. Fluoxetine
counteracts the cognitive and cellular effects of 5-fluorouracil in the
rat hippocampus by a mechanism of prevention rather than
recovery. PLoS One 2012; 7: €30010.

61 Chang PK, Khatchadourian A, McKinney RA, Maysinger D.
Docosahexaenoic acid (DHA): a modulator of microglia activity and
dendritic spine morphology. | Neuroinflammation 2015; 12: 34.

62 Woodling NS, Colas D, Wang Q. Cyclooxygenase inhibition targets
neurons to prevent early behavioural decline in Alzheimer's disease
model mice. Brain 2016; 139: 2063-81.

www.thelancet.com/oncology Vol 20 February 2019

63

64

65

66

67

68

69

70

71

72

73

74

75

76

78

79

80

Akaike A, Takada-Takatori Y, Kume T, Izumi Y. Mechanisms of
neuroprotective effects of nicotine and acetylcholinesterase
inhibitors: role of alpha4 and alpha7 receptors in neuroprotection.
J Mol Neurosci 2010; 40: 211-16.

Vellas B, Coley N, Ousset PJ, et al. Long-term use of standardised
Ginkgo biloba extract for the prevention of Alzheimer’s disease
(GuidAge): a randomised placebo-controlled trial. Lancet Neurol
2012; 11: 851-59.

Snitz BE, O’Meara ES, Carlson MC, et al. Ginkgo biloba for
preventing cognitive decline in older adults: a randomized trial.
JAMA 2009; 302: 2663-70.

Karschnia P, Scheuer C, Hess A, Spater T, Menger MD,

Laschke MW. Erythropoietin promotes network formation of
transplanted adipose tissue-derived microvascular fragments.

Eur Cell Mater 2018; 35: 268-80.

Raine AE. Hypertension, blood viscosity, and cardiovascular
morbidity in renal failure: implications of erythropoietin therapy.
Lancet 1988; 1: 97-100.

Chavez-MacGregor M, Zhao H, Fang S, Srokowski TP,

Hortobagyi GN, Giordano SH. Complications associated with
erythropoietin-stimulating agents in patients with metastatic breast
cancer: a surveillance, epidemiology, and end results-medicare
study. Cancer 2011; 117: 3641-49.

Robbins ME, Payne V, Tommasi E, et al. The AT1 receptor
antagonist, L-158 809, prevents or ameliorates fractionated
whole-brain irradiation-induced cognitive impairment.

Int J Radiat Oncol Biol Phys 2009; 73: 499-505.

El-Agamy SE, Abdel-Aziz AK, Wahdan S, Esmat A, Azab SS.
Astaxanthin ameliorates doxorubicin-induced cognitive impairment
(chemobrain) in experimental rat model: impact on oxidative,
inflammatory, and apoptotic machineries. Mol Neurobiol 2018;

55: 5727-40.

Sofis MJ, Jarmolowicz DP, Kaplan SV, et al. KU32 prevents
5-fluorouracil induced cognitive impairment. Behav Brain Res 2017;
329: 186-90.

Jiang ZG, Winocur G, Wojtowicz JM, Shevtsova O, Fuller S,
Ghanbari HA. PAN-811 prevents chemotherapy-induced cognitive
impairment and preserves neurogenesis in the hippocampus of
adult rats. PLoS One 2018; 13: e0191866.

Yang H, Villani RM, Wang H, et al. The role of cellular reactive
oxygen species in cancer chemotherapy. | Exp Clin Cancer Res 2018;
37: 266.

Borek C. Dietary antioxidants and human cancer. Integr Cancer Ther
2004; 3: 333-41.

Ozben T. Antioxidant supplementation on cancer risk and during
cancer therapy: an update. Curr Top Med Chem 2015; 15: 170-78.
Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. Antioxidant
supplements for prevention of gastrointestinal cancers: a systematic
review and meta-analysis. Lancet 2004; 364: 1219-28.

Willett WC, MacMahon B. Diet and cancer—an overview.

N Engl ] Med 1984; 310: 633-38.

Dietrich J, Baryawno N, Nayyar N, et al. Bone marrow drives central
nervous system regeneration after radiation injury. J Clin Invest
2018; 128: 281-93.

Bray VJ, Dhillon HM, Bell ML, et al. Evaluation of a web-based
cognitive rehabilitation program in cancer survivors reporting
cognitive symptoms after chemotherapy. J Clin Oncol 2017;

35: 217-25.

Reiche EM, Nunes SO, Morimoto HK. Stress, depression,

the immune system, and cancer. Lancet Oncol 2004; 5: 617-25.

© 2019 Elsevier Ltd. All rights reserved.

102



	Pharmacologic management of cognitive impairment induced by cancer therapy
	Introduction
	CNS stimulants
	Methylphenidate
	Methylphenidate for patients with CNS cancer and brain-directed cancer therapy
	Methylphenidate for patients with non-CNS cancer and systemic cancer therapy
	Modafinil
	Modafinil for patients with CNS cancer and braindirected cancer therapy
	Modafinil for patients with non-CNS cancer and systemic cancer therapy

	Anti-dementia drugs
	Donepezil
	Donepezil for patients with CNS cancer and braindirected cancer therapy
	Donepezil for patients with non-CNS cancer and systemic cancer therapy
	Memantine
	Memantine for patients with CNS cancer and braindirected cancer therapy

	Ginkgo biloba
	Ginkgo biloba for patients with CNS cancer and brain-directed cancer therapy
	Ginkgo biloba for patients with non-CNS cancer and systemic cancer therapy

	Erythropoietin
	Erythropoietin for patients with non-CNS cancer and systemic cancer therapy

	Future directions
	Conclusion
	Acknowledgments
	References


