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The chemobrain in breast cancer
patients: a systematic review and
meta-analysis
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The aim of the study was to determine the incidence of chemobrain in breast cancer patients, define it,
and review the various tools used to measure it. A comprehensive literature review was performed, and
covered all publications up to and including September 30, 2024. Studies were eligible for inclusion if
they reported data on chemobrain in adults with breast cancer receiving chemotherapy. The following
data were extracted: study characteristics, information on chemobrain, and information on breast
cancer treatment. A total of 287 records were identified by the literature search. After eliminating
duplicates, irrelevant articles after title and abstract screening, or after full-text review, 11 records
were included in the study. The incidence across studies ranged from 9.6 to 81.0%. The pooled
incidence of chemobrain was estimated at 39.9% (95% Cl 26.3%, 55.2%). Chemobrain appears to affect
a significant proportion of breast cancer patients undergoing chemotherapy, with a pooled incidence
estimate of approximately 40%. However, the wide range of reported incidences (9.6-81%) suggests
that the true prevalence may vary depending on study design, definitions, and assessment tools used.
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The use of chemotherapy has greatly improved survival in patients with breast cancer!'. However, on top of
their undeniable therapeutic benefits, the various chemotherapy agents may also have some undesirable short,
medium and long-term effects, notably on the peripheral and central nervous system (CNS). Cognitive disorders
occurring after chemotherapy, termed “chemobrain” or “chemofog’, are among the side effects that may occur
when chemotherapy for breast cancer affects the CNS>*. The impact of these post-chemotherapy cognitive
disorders is increasing steadily, and with the improved longevity of breast cancer survivors, cognitive disorders
may persist for up to several years>*.

Chemobrain may affect millions of cancer survivors around the world®. Researchers are gaining a better
understanding of the brain changes caused by chemotherapy, thanks to studies using lab experiments, brain
imaging, and clinical trials>>-%. Chemotherapy can affect the brain in many ways. It can make the blood-brain
barrier more permeable, which allows harmful substances to enter and increase inflammation®. Chemotherapy
can also affect the mitochondria, causing more oxidative stress. It disrupts how brain cells move and grow?, and
can lead to cell death while slowing down the growth of new brain cells’. These various impairments become
clinically manifest in the form of cognitive difficulties, with variable clinical presentations depending on the
chemotherapy molecule used. The cognitive disorders may occur during or after treatment. The cognitive
domains that are most frequently affected are concentration, episodic memory, processing speed, verbal fluency,
visuo-spatial ability and mental flexibility’.

The incidence of chemobrain in patients treated by chemotherapy for breast cancer is not clearly established,
and varies from 10% to over 80% across reports”!?. Furthermore, although it is now well known that cognitive
disorders may occur after chemotherapy, there is no consensus to date on the definition of chemobrain, or
how it should be measured. Indeed, the lack of standardized definition is a key obstacle to the development of
management strategies for this phenomenon.

In this context, the primary aim of this meta-analysis was to determine the incidence of chemobrain in
patients who received chemotherapy for breast cancer. Secondary objectives were to describe the various
definitions of chemobrain used in the literature, and to make an inventory of the different tools used to measure
chemobrain.
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Methods
The research question to be answered by this systematic review was to determine the incidence of chemobrain,
the definitions of chemobrain, and the tools used to measure chemobrain in adults with breast cancer.

Search strategy

A comprehensive literature search was performed using Scopus© and PubMed®©. The literature search covered all
publications up to and including September 30, 2024, with no specific start date specified. The search algorithm
was defined by two senior researchers (LG, MD) and included the following keywords in the title: chemobrain
or chemotherapy-related cognitive impairment or chemo-fog. Filters were applied to select studies in English,
French or Spanish, including human beings only. Additional studies were identified by manual review of the
reference lists of retrieved studies. The authors of the identified studies were contacted to recover unpublished
data when available. Study selection was performed following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. This review was registered with PROSPERO, under the
number CRD42024590463.

Study selection criteria

Study eligibility criteria were defined before performing the literature search. Studies were eligible for inclusion
if they reported data on chemobrain in adults with breast cancer receiving chemotherapy. Basic science articles,
reviews, case reports, editorials, and correspondence were excluded. Case series of less than 10 subjects were
also excluded.

Data extraction

Data analysis was performed using Covidence systematic review software© (Veritas Health Innovation,
Melbourne, Australia), available at www.covidence.org (September 2024). After eliminating duplicates, two
senior researchers independently anonymously reviewed the titles and abstracts of all articles. In case of
disagreement about whether or not to include an article, the case was discussed until consensus was reached.
The researchers then independently extracted the data using the same data extraction form. The following data
were extracted: study characteristics (publication year, country, study design, sample size, mean and/or median
age), information on chemobrain (definitions, tools used for assessment, number of events), and information
on breast cancer treatment (chemotherapy regimen, time since treatment completion, and concurrent therapy).
When several groups were compared in a publication, only the group receiving chemotherapy was included in
the systematic review.

Quality assessment

The quality of included studies was independently assessed by two researchers (LG, MD) using the Newcastle-
Ottawa scale (NOS)!!. The NOS consists of three quality parameters: selection, comparability, and outcome
assessment. It assigns a maximum of four points (five points for cross-sectional studies) for selection, two points
for comparability, and three points for outcome. NOS scores of 7 or higher were considered as high quality
studies, 5-6 as moderate quality, and scores below 5 as poor quality.

Meta-analysis

The pooled incidence of chemobrain was calculated using a DerSimonian-Laird random-effects meta-analysis'2.
When there is no heterogeneity between studies, the random-effects and the fixed-effect methods are identical.
However, when heterogeneity was present, random-effects summary estimates were considered. To assess the
heterogeneity across studies in the meta-analysis, the [>-statistic was calculated. Meta-analysis was performed
using the “Metaprop” function in the R package “meta”, release 7.0-0 (2024-01-11) (R Foundation for Statistical
Computing, Vienna, Austria) (14).

Results
A total of 287 records were identified by the literature search (Fig. 1), including 61 duplicates. After examining
the titles and abstracts of the remaining 226 records, 40 were retained for full-text assessment. After reading the
full text of these 40 records, 29 were excluded because of wrong outcome, or wrong study population, or wrong
language, or wrong study design, or overlapping data. Thus, 11 studies were included in the final review, totalling
1814 patients®!0-13-21,

As shown in Table 1, the majority of studies included in the systematic review were prospective cohorts (8
out of 11)*10:13-17.20 The studies often involved populations with a mean age of 50 years or more (6 out of 10

studies™4-161819; age information was missing in one study*!). Chemotherapy was combined with adjuvant

treatment in 8 out of 11 studies!*~!*?!. Radiotherapy and hormone therapy were each used six times'>~!%; in
four cases, they were both combined with chemotherapy!'*1>1718, Cognitive performances were tested before
chemotherapy in 8 out of 11 studies®1%13-17:20,

Table 2 presents the different definitions of chemobrain, as well as the tools used to assess it. In 6 out of 11
studies, objective assessment tools for cognitive decline were used®!*16-1821. Among the assessment tools for
subjective cognitive impairment, the FACT-Cog was the most frequently used.

Figure 2 presents the overall pooled incidence of chemobrain. The incidence across studies ranged from
9.6 to 81.0%. Based on random-effects model analysis, due to high heterogeneity between studies (I* = 97%;
p<0.01), the pooled incidence of chemobrain was estimated at 39.9% (95% CI 26.3%, 55.2%). As shown in the
supplementary material, subgroup analyses of the incidence of chemobrain showed no statistically significant
differences between age groups (age < 50 years: 49.8%; age > =50 years:27.1%; p=0.07) (Supplementary material
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Fig. 1. PRISMA flow diagram of the records included in the systematic review.

S1), according to the presence or absence of adjuvant treatment (yes: 38.9%; n0:42.2%; p=0.92) (Supplementary
material S2), according to the nature of the test used (objective test: 48.7%; subjective test: 27.0%; p=0.11)
(Supplementary material S3), or according to the time since completion of chemotherapy (<6 months: 42.7%; >
6 months: 34.4%; p=0.69) (Supplementary material S4).

The quality of the studies (Table 3) was considered high for nine studies, and moderate for two.

Discussion

In this meta-analysis, the pooled incidence of chemobrain was estimated at 39.9% (95% CI 26.3%, 55.2%) in
patients with breast cancer receiving chemotherapy. Time since completion of chemotherapy varied from 1 week
to 2 years according to studies. Age (<50 years or >=50 years), presence or absence of adjuvant treatment, the
nature of the test used to assess chemobrain (objective or subjective), and time since completion of chemotherapy
had no influence on the pooled incidence of chemobrain.

For more than 40 years, cognitive impairment has been well known as a side-effect of chemotherapy
Nevertheless, the incidence of chemobrain with the various chemotherapy regimens remains poorly
documented, and there is no recommended, consensual strategy for its management. Several authors have
reported that chemobrain has received insufficient attention in cancer survivors most likely because a lack of

7,22
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severe impairment for each subtest

Chemotherapy Memory
testing
Study Time since Concurrent prior to
Author, year | Country | design Age (years) | Regimen completion therapy chemotherapy
13 . CTX/EPI/FU (6 cycles) or Radiotherapy
Fan, 2005 Canada Prospective cohort | 48+ NA doxo/CTX (4 cycles) 1 year Hormone therapy Yes
CTX/MTX/FU (8 cycles) or
Hurria, 2006'* | USA Prospective cohort | 70 (65-84) * | doxo/CTX (4 cycles) or 6 months Hormone therapy | Yes
doxo/CTX/PC (4 cycles)
doxo/CTX/PC or Hormone thera
Tager, 2009'° USA Prospective cohort | 60+6 doxo/CTX or 6 months Radiothera PY | Yes
cytoxan/MTX/5-FU 124
Jansen, 2011'¢ | USA Prospective cohort | 50+9 doxo/CTX + Taxane 6 months Hormone therapy | Yes
9 . . Taxane or 6 weeks after start
Chae, 2018 Singapore | Prospective cohort | 529 AC-CT of chemotherapy None Yes
Schrauwen, . . End of Radiotherapy
202017 Belgium | Prospective cohort | 47 +10 5-FU/EPI/CTX/DTX chemotherapy Hormone therapy Yes
Syed Alwi, . . AC-CT-based or Radiotherapy
502118 Malaysia | Cross-sectional 52+8 AC-CT/Taxane <2 years Hormone therapy No
EPI/CTX or
Juan, 202210 China Prospective cohort | 45+9 EPI/CTX/DTX or 3 weeks None Yes
DTX/CTX
AC-CT or
Liu, 2024 China Cross-sectional 51£10 AC-CT/Taxane or NA Surgery No
CTX
Ma, 2024 China Prospective cohort | 47 +8 EPI/CTX/DTX or DTX: CTX | 1 week NA Yes
Wu, 2024%! China Cross-sectional NA NA NA Surgery and/or No
radiotherapy
Table 1. Description of the studies included in the systematic review. NA: not available; * mean (range);
CTX: cyclophosphamide; FU: Fluorouracil; MTX: methotrexate; EPI: Epirubicin; doxo: Doxorubicin; AC-
CT: Anthracycline-containing chemotherapy; PC: Paclitaxel; DTX: Docetaxel; cis: Cisplatin; Eto: Etoposide;
Dauna: Daunorubicin; Cyta: Cytarabine.
Author, year Definition Tools
Fan, 20051 An interpretive algorithm generates a result of normal, borderline, or mild, moderate, or High sensitivity Cognitive Screen

Hurria, 2006

Perceived decline in memory from before to after chemotherapy

Squire Memory Self-Rating Questionnaire

Tager, 2010"

Self-reported cognitive problems

Perceived memory abilities on a 5-point Likert scale, which
was dichotomized (>2=memory problems)

Jansen, 2011'°

A score of 1.5 SDs below published norms on two or more tests, or two SDs on one test,
prior to receiving chemotherapy

RBANS, Stroop test, Grooved Pegboard

Chae, 2018°

Subjective: Reduction of >10.6 points in FACT-Cog total score from baseline to T2
Objective: worsening of chemotherapy-related cognitive impairment : change in CANTAB <
-1.5 SD in at least 2 domains

Fact-Cog (self-perceived)
CANTAB (objective)

Schrauwen, 2020'7

Regression-based change scores of -2.5 SD compared with the mean and the SD of the
control group on T1

Trail Making test, COWA test, VLGT, Hopkins Delay, RCFT
Immed, Gordon CPT Ct

Syed Alwi, 202118

Score below 22 in MoCA, and < - 1.5 SD below the normative data mean for RAVLT-BM
and WMI of WAIS-IV

MoCA-BM, RAVLT-BM, Digit Span and Arithmetic
Subtests of WMI of WAIS-IV

Hopkins verbal learning test revised, Brief visuospatial
memory test revised, number connection test-A, number

10

Juan, 2022 Not defined connection test-B, ]udgement of line orientation test, Digit
Span test, Digit Symbol Substitution test, Verbal Fluency test

Liu, 2024 Cog-PCl score < 1.5 SD below normative mean Cog-PCI

Ma, 2024%° Difference of FACT-Cog before and after chemotherapy >10.6 points FACT-Cog

Wu, 20242 MoCA score <26 MoCA

Table 2. Definitions of chemobrain, and tools used to assess it in the studies included in the review.
CANTAB = Cambridge Neuropsychological Test Automated Battery; COWA = Controlled Oral Word
Association Test; Fact-Cog =Functional Assessment of Cancer Therapy-Cognitive Function; Gordon

CPT Ct=Gordon Continuous Performance Test Total Correct; Hopkins Delay = Hopkins Verbal Learning
Test-Revised Delayed Recall; Hopkins Immed = Hopkins Verbal Learning Test-Revlsed Immediate Recall;
MoCA =Montreal Cognitive Assessment; PCI Perceived Cognitive Impairment; RAVLT-BM: Rey Auditory
and Verbal Learning Test; RBANS = Repeatable Battery for the Assessment of Neuropsychological Status;
RCFT Immed =Rey Complex Figure Test Three-Minute Recall; SD, standard deviation; VLGT: Verbale Leer
en Geheugen Test; WAIS-IV: Wechsler Adult Intelligence Scale-IV; WCST CR=Wisconsin Carel Sorting Test

Conceptual Level Responses; WMI: Working Memory Index.

Scientific Reports |

(2025) 15:35765

| https://doi.org/10.1038/s41598-025-95380-5

nature portfolio



http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Study Events Total GLMM, Fixed + Random, 95% CI GLMM, Fixed + Random, 95% CI
Fan_2005 32 91 0.352 [0.254; 0.459] +
Hurria_2006 23 45 0.511 [0.358; 0.663] i
Tager_2010 13 30 0.433 [0.255; 0.626] —
Jansen_2011 14 T 0.197 [0.112; 0.309] ——
Chae_2018 12 108 0.111 [0.059; 0.186] B
Schrauwen_2020 16 66 0.242 [0.145: 0.364] B
Syed Alwi_2021 49 160 0.306 [0.236; 0.384] -
Juan_2022 64 79 0.810 [0.706; 0.890] i ——
Liu_2024 71 741 0.096 [0.076; 0.119] i
Ma_2024 18 41 0.439 [0.285; 0.603] .
Wu_2024 173 218 0.794 [0.734; 0.845] = 3
Total (common effect, 95% CI) 1650 0.294 [0.272; 0.316] ‘

. o

Total (random effect, 95% CI)
Heterogeneity: Tau® = 1.3034; Chi® = 396.65, df = 10 (P < 0.01); I> = 97%

0.365 [0.224; 0.535]

I T T T T 1
0 02 04 06 0.8 1
Proportion

Fig. 2. Forest plot of the overall pooled incidence of chemobrain in breast cancer.

Author, year Study design | Selection | Comparability | Outcome | Total score | Quality rating
Fan, 2005"3 Cohort woex = o 9 High
Hurria, 2006'* Cohort ki - il 7 High
Tager, 2010'° Cohort o e il 9 High
Jansen, 20111¢ Cohort ok * ok 7 High
Chae, 2018° Cohort il * ok 8 High
Schrauwen, 2020'7 | Cohort il i hiid 9 High
Syed Alwi, 2021'® | Cross-sectional | ** * il 6 Moderate
Juan, 20221° Cohort i i o 9 High

Liu, 2024"° Cross-sectional | ¥¥** * hiid 9 High

Ma, 202420 Cohort i - i 6 Moderate
W, 202421 Cross-sectional | *¥* hid hid 8 High

Table 3. Quality assessment of the different studies included in this systematic review, using the Newcastle-
Ottawa scale (NOS). NOS scores of >7 were considered as high quality and 5-6 as moderate quality.

knowledge about its diagnosis and treatment. Millions of cancer survivors each year are affected by chemobrain,
which can persist for the long-term??*?4, The effects of chemotherapy on the CNS include, amongst others, a
reduction in neurogenesis, an increase in apoptosis in the hippocampus and cortex, mitochondrial dysfunction
with reduction production of ATP, disturbances in microtubule function that compromise neuronal migration,
and vascular lesions associated with neuro-inflammation®®. Taken together, these changes may translate into
multi-domain cognitive dysfunction. Chemobrain is commonly defined as cognitive impairment including
difficulties in verbal or visuo-spatial ability, information processing speed, and executive function?. Yet, there
is no consensus on a definition or a recommended diagnostic test. In our systematic review about chemobrain
in breast cancer, among the 11 articles studied, we found 9 different definitions for chemobrain (Table 2).
Most often, chemobrain was defined by the scores achieved on cognitive assessment tools. This reflects the
difficult of defining chemobrain accurately, in the absence of a consensual definition. The wide range of possible
impairments’ compounds the difficulty of defining chemobrain precisely, and measuring its prevalence or
incidence is difficult when different definitions are being used. The same is valid for the tools used to measure
chemobrain. To determine whether or not chemobrain is present, in our systematic review, two different types
of tools were mainly used, namely objective and subjective tools. Four studies used 2 or more tools!®16-18 all of
which were objective. Seven studies used only one tool”!*-1>19-2L which was subjective in 5 of these (FACT-Cog
or Squire memory Self-rating Questionnaire). In the 11 studies of our systematic review, more than 20 different
objective tools and 2 subjective tools were used by the different authors. This reflects the difficulty for authors
wishing to explore chemobrain of finding suitable objective tests for the purposes of screening or assessing
chemobrain. Indeed, the methods used to develop assessment scales for cognitive function influence their
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capacity to detect or diagnose cognitive disorders in specific domains (language, executive function, working
memory, etc.). The tests that are commonly used in neuropsychiatric evaluation were not specifically developed
for the purpose of detecting cognitive disorders occurring post-chemotherapy, and thus, their performance may
be suboptimal when used to this end. For this reason, some authors have questioned the capacity of common
objective tools to detect chemobrain®®. Despite the reserves expressed in the literature, our meta-analysis did not
reveal any significant difference in the incidence of chemobrain reported with subjective versus objective tools.
However, the total number of studies in our meta-analysis is relatively low, and this result warrants confirmation
in larger-scale analyses.

Specific tests to screen for chemobrain have been developed, mainly in the form of self-report questionnaires.
Von Ah et al. demonstrated that subjective tests developed specifically for detecting chemobrain (including the
Functional Assessment of Cancer Therapy - Cognitive function, FACT-Cog) were correlated with objective tests,
and could therefore be used to screen for chemobrain. Accordingly, the FACT-Cog has been widely studied and
used, and has been adapted and validated in numerous languages?’~?°. It is a 37-item self-report questionnaire
for use in cancer patients aged 18 years and older with chemotherapy-induced cognitive problems. There are 4
subscales, namely perceived cognitive impairments, impact of perceived cognitive impairments on quality of life,
comments from others, and perceived cognitive abilities. They explore the individual’s perception of their own
problems, but also the feedback from their entourage and the impact on their quality of life. Normal values have
been defined based on age®’, making it easy to use. Among the subjective tools used to measure the presence of
chemobrain in this systematic review, the FACT-Cog was the most commonly used®!*?. The use of subjective
instruments, specifically the FACT-Cog, is easy for several reasons. First, it is a self-report questionnaire that the
patient can complete on their own, so the completion is not time-consuming. Second, completion requires no
specific learning phase and no complex instructions, contrary to certain objective tests. Third, the FACT-Cog has
been adapted and validated in numerous languages, and finally, minimum scores have been identified to define
improvement or deterioration in cognitive performance, which is useful for patient follow-up?’. Taken together,
all these features combine to make the FACT-Cog a user-friendly and attractive option for both clinical follow-
up and for research purposes.

It would be beneficial if recommendations could be issued for the definition of chemobrain, and the
instruments that are valid for its detection and follow-up. This said, detection and management should not be
the only concern. Indeed, chemobrain has a negative impact on the quality of life of cancer survivors and their
capacity to return to a normal life. There is a compelling need to identify strategies to limit post-chemotherapy
cognitive disorders and promote cognitive recovery in patients receiving chemotherapy. A consensual definition
of chemobrain, and a consensus on the most appropriate tools to detect and measure it could facilitate the
implementation of studies on the management of chemobrain. Currently, there are no recommendations for
the management of this entity, and various treatments have been proposed, such as Ginko Biloba®!, prebiotics®2,
or cognitive rehabilitation®**4. However, the level of evidence remains low. Non-pharmaceutical therapies such
as photobiomodulation, with proven efficacy in improving cognitive disorders of other aetiologies, warrant
investigation in the setting of chemobrain.

This study has several strengths. It is the first meta-analysis to describe the incidence of chemobrain in breast
cancer survivors. We included 11 studies, totalling over 1800 patients. The majority of studies included evaluated
the cognitive performance of the study population prior to chemotherapy®!®13-1720, which strengthens the
association between the chemotherapy and the cognitive disorders. Lastly, the quality of studies included was
high overall. A major limitation of this meta-analysis is the lack of consensus on the definition and measurement
of chemobrain across studies. The wide variety of assessment tools and definitions used may contribute to the high
heterogeneity observed in the incidence estimates. Consequently, the measure of incidence may be imprecise.
While a random-effects model was used to account for heterogeneity, the high I” statistic (97%) suggests
substantial variation across studies. Future meta-analyses should consider exploring sources of heterogeneity,
such as study design or patient population characteristics. Depending on the sensitivity of the tools used to
determine the presence or absence of cognitive disorders, the incidence may have been over- or underestimated.
In addition, most studies did not adjust for the possible presence of anxiety and/or depression, which could
compound cognitive disorders and lead them to be incorrectly classed as a side effect of chemotherapy. Finally,
the time since completion of chemotherapy and the determination of the presence of cognitive disorders varied
across studies. Some patients may observe a spontaneous improvement in cognitive function at a distance from
chemotherapy, notably due to the resolution of post-treatment asthenia. However, in our meta-analysis, analysis
in subgroups according to the time since completion of chemotherapy (<6 months; > 6 months) did not reveal
any significant difference in incidence between groups. The fact that we excluded trials because of language may
have introduced a bias. However, we included other languages such as French and Spanish. Only one article in
Korean was excluded for this reason.

In conclusion, chemobrain is frequent, affecting around 40% of patients receiving chemotherapy for breast
cancer. There is currently no consensus on the definition of chemobrain, or the tools that could be used to
identify it. This study underlines the multiplicity of definitions and assessment tools in use. Specific tools have
been developed and validated, and expanding their use would help to promote the implementation of more
standardized studies.

Data availability
The datasets used and/or analysed during the current study will be made available from the corresponding au-
thor on reasonable request.
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