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and management of chemobrain: the potential
utilities of the MemTrax memory test
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Abstract

Objective To study the effects of chemotherapy on cognitive function in breast cancer patients, and to investi-
gate the relationship of MemTrax test of memory and related functions to the FACT-Cog functional self-assessment
for the evaluation and management of chemobrain.

Methods In this prospective cohort study, clinical information of pathologically confirmed female breast cancer
patients who decided to receive chemotherapy were collected in a questionnaire which was developed for this
study and provided as a supplementary file. The FACT-Cog self-assessment and MemTrax test were administered
before and after the chemotherapy treatments. Patients with chemobrain were identified using published criteria
based on FACT-Cog scores, and MemTrax scores from chemobrain patients were analyzed.

Results Fifty-six patients participated in this study, of which 41 participants completed 4 or more cycles of chemo-
therapy and were included in the final analyses here. Using the reported high end of minimal clinical differences (10.6
points) of FACT-Cog before and after chemotherapy, 18 patients suffered from chemobrain in this study. In these

18 chemobrain patients, no cognitive impairments were detected by MemTrax, which paradoxically demonstrated

an improvement in the normal cognitive range.

Conclusion The cognitive impairment induced by chemotherapy in breast cancer patients is detectable by the FACT-
Cog in a Chinese cohort but is not detected by the MemTrax memory test. The fact that the more objective MemTrax
could not detect the impairment could alleviate patients’' concerns which in turn would be beneficial for patients’
mental health.
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Female breast cancer has surpassed lung cancer to
become the most commonly diagnosed cancer world-
wide and is now ranked 4" among the leading causes of
tumor-related death [1]. In recent years, the early diag-
nosis, early treatment and adjuvant therapy of breast can-
cer have made great progress, and the prognosis of breast
cancer patients has been greatly improved, with the
5-year overall-survival (OS) rate of early breast cancer
patients as high as 89~100% [2, 3]. Chemotherapy has
been used in the clinical treatment of solid tumors for
more than 50 years. Cytotoxic regimens can kill tumor
cells, inhibit tumor cell proliferation and induce tumor
cell apoptosis, and significantly improve the OS and
disease-free-survival (DFS) rate of patients. Even now,
chemotherapy is still one of the main adjuvant therapies
for breast cancer patients.

Although chemotherapy can prolong OS and DEFS in
breast cancer patients, it has significant toxic side effects.
In addition to conventional side effects such as nausea,
vomiting, alopecia, bone marrow suppression, the cog-
nitive impairment caused by chemotherapy regimens,
also known as chemobrain, is an important problem
that many tumor patients have to face after chemother-
apy, especially in breast cancer patients [4]. Chemobrain
can last for many years after chemotherapy, resulting in
adverse effects on the mental health and quality of life
of breast cancer patients, with severe cases even unable
to work and live normally [4—6]. Currently the cause of
chemobrain is still unknown, objective assessment tools
and effective treatments are lacking [7, 8]. Our study aims
to understand the effects of conventional chemotherapy
regimens on cognitive impairment of Chinese breast
cancer patients, the effectiveness of different assessment
tools to detect chemobrain and any beneficial effects the
more objective MemTrax test may provide the patients.

Materials and methods

Study population

Participants were enrolled continuously between Sep-
tember 2019 and April 2021. All participants were
recruited through in-person discussion with patients
who volunteered to participate in the study on the in-
patient ward before their first chemotherapy session in
the First Affiliated Hospital of Kunming Medical Uni-
versity. Inclusion criteria: participants who were patho-
logical diagnosed and underwent breast cancer surgery;
prescribed to receive conventional chemotherapy such as
ECX4-T (H) X4 (Epirubicin and cyclophosphamide every
3 weeks for 4 cycles followed or preceded by docetaxel
(trastuzumab) every 3 weeks for 4 cycles)and TCX4
(docetaxel and cyclophosphamide every 3 weeks for 4
cycles); female aged between 35-year-old to 70-year-old,
without previous chemotherapy, endocrinotherapy or
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radiotherapy history and had the ability to understand
and sign informed consent. Exclusion criteria: Patients
with brain-metastasis or stage IV cancer, psychiatric-
symptoms, dementia, or other conditions that are known
to affect cognitive function. This study was performed
according to the Helsinki declaration of 1975 and was
approved by the ethical committee of the first Affiliated
Hospital of Kunming Medical University in Kunming,
Yunnan, China. All participants voluntarily signed an
informed consent form.

The Functional Assessment of Cancer Therapy Cognitive
Function (FACT-Cog) (Version 3, Simplified Chinese)

and subscales

FACT-Cog is a subjective assessment instrument
designed to evaluate the effects of cancer patients’ per-
ceived cognitive deterioration in their health-related
quality of life [7] which is owned and copyrighted by
David Cella, Ph.D. who has kindly granted a license to
use the Simplified Chinese version of the FACT-Cog
(Version 3) which has been used in this not-for-profit
study. English and Chinese versions of FACT-Cog have
been validated within the Asian breast cancer popula-
tion [8]. FACT-Cog is a 37-item questionnaire covering
six cognitive domains: memory, concentration, men-
tal acuity, verbal fluency, functional interference, and
multitasking ability which is organized in 4 sections/
subscales: Perceived Cognitive Impairments (CogPClI,
score range 0—72. There are 2 items in this subscale that
are not scored but included as internal consistent con-
trols), Comments From Others (CogOth, score range
0-16), Perceived Cognitive Abilities (CogPCA, score
range 0-28. There are 2 items in this subscale that are not
scored but included as internal consistent controls) and
Impact Of Perceived On Quality Of Life (CogQOL, score
range 0—16). In the subscales CogPCI and CogOth, the
participants report on a 5-point Likert scale ranging from
0, “never; to 4, “several times a day, the frequency of
each occurrence over the 7 days preceding the test. In the
subscales of CogPCA and CogQOL, the responses are
rated on a 5-point severity scale ranging from 0, “not at
ally to 4, “very much” The individual subscale scores are
summed to determine the FACT-Cog total score, ranging
from 0 to 132, with higher scores indicating better sub-
jective cognitive functioning.

MemTrax test procedures and output metrics

Detailed description of the theory and design of MemT-
rax has been published previously [9]. Briefly, with each
MemTrax test, a series of 50 images are shown: 25 new
images and 25 repeated images. Each picture is presented
on the screen for 3 seconds or until a behavioral response,
at which time the next picture is shown immediately. The
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participants are instructed to respond by either pressing
the space-bar when performing the test on a computer or
touching the screen when a smart phone is used, but only
when presented with a repeated picture and as quickly as
possible. The program automatically calculates the total
percent correct (MTx- %C) and the average response
time (MTx-RT) as outcome measures. MemTrax can
be administered on the Chinese social media platform
WeChat using its mini-program version on a phone or
web on a computer on a cloud server in China (http://
www.memtrax.com.cn) [10] and MemTrax is also avail-
able at www.memtrax.org. All the participants in our
study completed the MemTrax on WeChat on a phone.

Data collection

A general questionnaire survey was administered to col-
lect demographic and clinical information including age,
educational level, previous medical history, medication
history, hobbies, body mass index (BMI), sleep disor-
ders, craniocerebral injury history and family history of
dementia. Regarding the breast cancer, the pathologi-
cal type, TNM stage and chemotherapy regimen were
recorded.

Following completion of the questionnaire survey, the
FACT-Cog and MemTrax tests were administered, scored
and uploaded into Excel spreadsheets by the researcher
who administered the tests. Entries were verified by a
colleague before the Excel files were saved for analyses.

The tests were administered one day before the first
cycle of chemotherapy in person. The tests were com-
pleted before (in person) and one week (remotely via
phone) after each additional cycle of chemotherapy until
the completion of the chemotherapy cycles.

Statistical analyses

There are at least two ways to determine the impact of
changes in cognitive function: statistically or clinically
meaningful differences [11]. While the norms for FACT-
Cog in Chinese patient population are not established,
the values are potentially useful for statistical compari-
son [11]. The minimal clinically important or meaning-
ful difference for FACT-Cog has been reported in a study
with 79.6% Chinese participants with reported values
of ~6.9-10.6 points [11]corresponding to one third, half
SD (standard deviation) and one SE. This study used the
largest reported 10.6 points differential as criteria for
chemobrain to ensure real impairment detection and
performed statistical analyses on those patients who met
this chemobrain criteria.

For normally distributed metric data, the “meant
standard deviation” (X+s) was used, and the classified
data were expressed by cases and percentages [n (%)].
Age and years of education were tested by t-test while the
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rest of the demographic information was tested with x>
Paired t-test was used for the 18 cases of FACT-Cog cog-
nitive function score and MTx-%C and MTx-RT before
and after brain chemotherapy. The database was estab-
lished by EpiData 3.1. The statistical analysis set was con-
structed after double entry. The data were analyzed by
IBM SPSS 26.0. Statistically significant differences were
set as P<0.05.

Results

Participants demographics

A total of 41 Chinese participants completed 4 or more
cycles of chemotherapy and were included in the final
analyses reported here. All participants were female,
average age 47 + 8 (range: 33—67) years. The average edu-
cation was 12 +4 (range 3-21) years.

The demographics for the 18 chemobrain and 23 cog-
nitive normal (CN) after chemotherapy participants
are shown in Table 1 where the age is found to be sig-
nificantly older in the chemobrain participants (P <0.04).
The higher percentage of participants in the CN group
who reported memory decline in the last 5 years did not
reach statistical significance (P <0.06).

FACT-Cog quantified chemobrain

Using the reported [11] high end of minimal clinically
important differences (10.6 points) of FACT-Cog before
and after chemotherapy, 18 patients out of 41 (44%) suf-
fered from chemobrain, and the results of these partici-
pants’ before and after chemotherapy FACT-Cog total
and sub-score are summarized in Table 2. FACT-Cog
total, sub-scale COgPCI, CogOth, CogPCA and CogQoL
scores are all significantly highly reduced with p<0.001,
<0.001,=0.045,<0.001 and=0.022, respectively in these
18 chemobrain patients. Comparing to the 23 patients
who are cognitively normal after chemotherapy, the
before score for the total FACT-Cog and all the subscores
except for the CogQoL are statistically higher in the 18
chemobrain patients. After chemotherapy, the FACT-
Cog total score, CogPCT and CogQoL subscores are sig-
nificantly lower in the 18 than those of the 23 cognitive
normal patients.

Multivariate regression analyses did not find that any of
the data collected, including the demographic informa-
tion, was significantly related to the chemobrain findings
which these 18 participants suffered after chemotherapy
(results not shown).

Chemobrain is not reflected by the MemTrax memory test

The MemTrax scores in all 41 participants including
the 18 chemobrain participants before and after chem-
otherapy are in the normal cognitive range of>80%
MTx-%C and < 1.4 s MTx-RT. There were no statistically
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Table 1 Demographics characteristics [n(%)/x + s]

CN Chemobrain P
(n=23) (n=18)
Age 450+6.8 50.0+84 0.04
Year of education 120+4.0 11.0+3.0 0.50
Chemotherapy regimens
ECX4-T (H)X4 11(524) 10(47.6) 0.87
TCX4 7(58.3) 5(41.7)
ECX4 5(62.5) 3(37.5)
Occupation
White Collar 15(60.0) 10(40.0) 0.53
Blue Collar 8(50.0) 8(50.0)
Living Condition
Gregarious 22(55.0) 18(45.0) 0.56
Solitary 1(100.0) 0(0.0)
Memory decline: last 2 years
No 8(47.1) 9(52.9) 033
Yes 15(62.5) 9(37.5)
Memory decline: last 5 years
No 5(35.7) 9(64.3) 0.06
Yes 18(66.7) 9(33.3)
History of anemia
No 21(60.0) 14(40.0) 0.22
Yes 2(33.3) 4(66.7)
Family history of dementia
No 20(54.1) 17(45.9) 0.63
Yes 3(75) 1(25)
Age 45+7 50+8 0.04
Year of education 12+4 11+3 0.5
Memory decline: last 2 years (Y/N) 15/8 9/9 03
Memory decline: last 5 years (Y/N) 18/5 9/9 0.06
Occupatio (White/Blue Collar) 15/8 10/8 0.5

CN Cognitive normal group
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differences detected between the two groups before
chemotherapy. However, there were statistically sig-
nificant differences in MTx-%C and MTx-RT, indicating
small numerical improvement after chemotherapy in
both groups as well as a statistical difference between the
two groups after chemotherapy for reaction time where
the 18 chemotherapy patients were significantly slower
(P<0.009) (Table 3).

Discussion

Chemobrain could be either a temporary or sustained
damage to brain mechanisms underlying cognitive func-
tion of cancer patients induced by chemotherapy regi-
mens [12], which is mainly manifested in the retardation
of verbal memory, attention and reaction time, including
memory loss, inattention and executive decline [13-16].
Cancer chemotherapy in rats is thought to cause cogni-
tive impairment through adverse effects on the brain
[17]. The incidence of chemobrain varies greatly in differ-
ent studies, ranging from 16 to 80% [18-20] which is in
line with the 44% in this study here. To our knowledge,
this study is the first study of chemobrain in China. The
exact etiology of chemobrain has not been clarified, and
whether this condition is an objective phenomenon or
subjective perception of patients has been controver-
sial. In view of the different clinical manifestations and
severity of chemobrain, how to accurately identify and
quantify chemobrain is very important for clinicians
and patients. Several cognitive assessment instruments
such as Mini-Mental State Exam [21], Mini-Cog [22]
and Montreal Cognitive Assessment (MoCA, [23]) fail
to detect chemobrain, Dr. Wagner and her colleagues
customized the FACT-Cog which proved to be able to
detect chemobrain [7,24]. Dr. Cheung and her colleagues
conducted the verification of the Chinese version of the
FACT-Cog scale and the impact of chemotherapy on the

Table 2 FACT-Cog cognitive function scores before and after chemotherapyl[x + s]

CN (n=23) Chemobrain (n=18)

Before” After™ P Before” After™ P P P~
FACT-Cog 98+17 101+16 0.347 113+13 89+15 <0.001 0.004 0.02
CogPCl 54+11 56+10 0.288 63+7 50+10 <0.001 0.002 0.09
CogOth 15+1 15+1 0.257 16+1 13+5 0.05 0.03 0.1
CogPCA 1945 18+6 0438 22+5 1645 <0.001 0.05 02
CogQOL 1143 1243 0.365 1243 9+3 0.002 0.124 0.03

CN Cognitive normal group, CogPCl Perceived cognitive impairments, CogOth Comments from others, CogPCA Perceived cognitive ability, CogQOL Impact of perceived

cognitive impairments on quality of life, P¥, P value comparing CN vs chemobrain groups’ prior to chemotherapy data, P**, P value comparing CN vs chemobrain

groups’ after chemotherapy data
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Table 3 MemTrax Score in participants with and without chemobrain before and after chemotherapy[x + s]

CN (n=23) Chemobrain (n=18)

Before” After” P Before” After” P P P
MTx-%C(%) 90+6 96+4 <0.001 89+6 94+5 <0.001 0.8 0.3
MTx-RT(s) 1.17+0.26 0.94£0.14 <0.001 1.18+0.23 1.09£0.21 0.004 0.9 0.009

CN Cognitive normal group, MTx-%C MemTrax percent correct, MTx-RT MemTrax mean reaction time, P* P value comparing CN vs chemobrain groups'’ prior to
chemotherapy data, P** P value comparing CN vs chemobrain groups’ after chemotherapy data

cognitive function in a Chinese population in Singapore
and found that the results were similar to those of stud-
ies in other cultures though some items are not culturally
relevant to Chinese [8]. The FACT-Cog scales quantify
the subjective impact of chemotherapy by asking patients
to respond a series of 37 statements about their cogni-
tive function, on a 5-point rating scale assessing “in the
past 7 day” time frame (0=Never; 1 = About once a week;
2=Two to three times a week; 3=Nearly every day;
4=Several times a day). Objective, reliable and simple
evaluation tools that could detect chemobrain would be a
valuable contribution to research and clinical practice as
well as the psychological well-being of affected patients.
This study selected the ~2.5 min MemTrax memory test
reported to be able to detect cognitive changes associated
with aging [24, 25], and the test has been cross-validated
with the MoCA for its ability to detect MCI due to AD,
VaD and stroke [26-28]. MemTrax conforms to most of
the parameters of the ideal digital cognitive testing sys-
tem proposed by the International Working Group of
MCI and AD experts [29].

In our study, the FACT-Cog was able to measure chem-
obrain in a Chinese female breast cancer cohort using
the high end of the reported minimal clinically meaning-
ful difference range of 6.9-10.6 points [11]. In contrast
to the more subjective measures of FACT-Cog, MemT-
rax did not detect chemobrain in this study where the
MemTrax scores before and after chemotherapy are all
in the normal range in these same chemobrain patients
as well as the cognitive normal patients. Interestingly,
MemTrax outcome measures, MTx-%C and MTx-RT,
demonstrated a statistically significant improvement
after chemotherapy in all 41 participants though the
improvement in reaction time in the chemobrain group
is less than the cognitive normal group. The possible rea-
sons for this apparent discrepancy between the results
of the subjective FACT-Cog and the objective MemTrax
measures could be that the cognitive function of breast
cancer patients during chemotherapy is affected by emo-
tional/psychological factors that are subjective which in-
turn can only be detected by the subjective FACT-Cog
but cannot be detected with a more objective instru-
ment such as MemTrax. This finding is consistent with
the inability of MMSE and MoCA to detect chemobrain

[7]. The improvement of the normal range MemTrax per-
formance after chemotherapy are likely due to practice/
familiarity effects given that this improvement in MemT-
rax performance is also seen in the 23 participants with-
out chemobrain after chemotherapy.

Another important point is that there is currently a
major related issue in the field of Alzheimer’s disease
(AD), recognition of subjective cognitive impairment
might be an early indicator of mild cognitive impair-
ment and early AD [30]. However, such complaints are
relatively common, particularly among the elderly, and
they may not be related to any underlying or significant
pathology [31]. The data presented here suggest that
situation with chemobrain may be similar to the field
of AD, where self-report is not absolutely indicative of
biological impairment.

Limitations

1. This is a prospective study with a short duration, one
week after the last chemotherapy treatment cycle and
relatively small sample size of 41 participants.

2. Different chemotherapies are included in our study
by design which covers a wider range of treatments
which introduced more variables since they each
could have unique effects on cognition.

3. Tests were administered both in person and remotely
over phone, which may introduce quality control
issues.

Conclusion

In conclusion, we report for the first time that breast
cancer patients in China experienced chemobrain after
chemotherapy similar to their counterparts in other
cultures and that the validated subjective assessment
instrument FACT-Cog scale could detect the perceived
impairments associated with chemobrain. However, the
objective MemTrax memory test did not detect these
impairments. Further studies with more patients and
longer duration are needed to determine to what extent
of the severity of chemobrain is related to the cognitive
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functions measured by MemTrax. If our results here
are confirmed in a larger study, MemTrax may offer
an opportunity for chemobrain patients to gain more
insight into their condition and provide reassurance of
their physical wellbeing for a speedy recovery in addi-
tion to means for continuous monitoring and caring for
these patients by their medical providers.
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org/10.1186/512905-024-03251-4.

[ Supplementary Material 1. }

Acknowledgements

We would like to thank Dr. J. Wesson Ashford and Mr. Curtis Ashford for
developing the MemTrax test, thank Mr. Curtis Ashford the owner of MemTrax,
LLC for licensing MemTrax to SIN Biomed and his MemTrax LLC colleagues
including Joanne Ashford and Diego de Oliveira to make the Chinese version
of MemTrax possible, thank Ms. Weshan Zhang and all the colleagues and
friends of SIN Biomed, thank volunteers of this study.

Authors’ contributions

Study Conception and design: Y M, X Z, W C, JW and C.B; Data collection and
analyses:YM,WC,DB,JL,YD,and S L. Data analysis:Y Z, F L, X F, L H. Writing,
Original Draft: X Z, and Y M. Writing, Review and Editing, and Approval of Final
Manuscript: All authors.

Funding
This work was supported by the Scientific Research Fund project of Yunnan
Provincial Department of Education (2020J0165).

Availability of data and materials

The data that support the findings of this study are not openly available due
to reasons of sensitivity and are available from the corresponding author upon
reasonable request.

Declarations

Ethics approval and consent to participate

This is an observational study performed in accordance with the Helsinki
declaration of 1975. The Research Ethics Committee of The 1st Affiliated Hos-
pital of Kunming Medical University has confirmed that no ethical approval
is required. Informed consent was obtained from all individual participants
included in the study.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 11 April 2024 Accepted: 8 July 2024
Published online: 17 July 2024

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A,
et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2021;71(3):209-49. https://doi.org/10.3322/caac.21660. Epub 2021
Feb 4 PMID: 33538338.

Page 6 of 7

Hortobagyi GN. Toward individualized breast cancer therapy: translat-
ing biological concepts to the bedside. Oncologist. 2012;17(4):577-84.
https://doi.org/10.1634/theoncologist.2012-0032.

Kitamura T, Pollard JW. Therapeutic potential of chemokine signal inhi-
bition for metastatic breast cancer. Pharmacol Res. 2015;100:266-70.
https://doi.org/10.1016/j.phrs.2015.08.004.

Frank JS, Vance DE, Triebel KL, Meneses KM. Cognitive Deficits in Breast
Cancer Survivors After Chemotherapy and Hormonal Therapy. J Neuro-
sci Nurs. 2015;47(6):302-12. https://doi.org/10.1097/JNN.0000000000
000171.

Taillibert S, Rhun EL, Chamberlain MC. Chemotherapy-Related Neuro-
toxicity. Curr Neurol Neurosci Rep. 2016;16(9):1-14. https://doi.org/10.
1007/511910-016-0686-x.

Hurria A, Somlo G, Ahles T. Renaming, “chemobrain.” Cancer Invest.
2007;25(6):373-7. https://doi.org/10.1080/07357900701506672.
Wagner LI, Sweet JJ, Butt Z, Lai JS, Cella D. Measuring patient self-
reported cognitive function: development of the functional assess-
ment of cancer therapy-cognitive function instrument. J Support
Oncol. 2009;7(6):W32-9.

Cheung YT, Lim SR, Shwe M, Tan YP, Chan A. Psychometric properties
and measurement equivalence of the English and Chinese versions

of the functional assessment of cancer therapy-cognitive in Asian
patients with breast cance. Value in Health. 2013;16(6):1001-13.
https://doi.org/10.1016/jjval 2013.06.017.

Ashford JW, Tarpin-Bernard F, Ashford CB, Ashford MT. A computerized
continuous-recognition task for measurement of episodic memory. J
Alzheimers Dis. 2019;69(2):385-99.

. Bergeron MF, Landset S, Zhou X, Ding T, Khoshgoftaar TM, Zhao F, Du

B, Chen X, Wang X, Zhong L, Liu X, Ashford JW. Utility of MemTrax and
machine learning modeling in classification of mild cognitive impair-
ment. J Alzheimers Dis. 2020;77(4):1545-58.

. Cheung YT, Foo YL, Shwe M, Tan YP, Fan G, Yong WS, et al. Minimal

clinically important difference (MCID) for the functional assessment

of cancer therapy: cognitive function (FACT-Cog) in breast cancer
patients. J Clin Epidemiol. 2014;67(7):811-20. https://doi.org/10.1016/j.
jclinepi.2013.12.011. Epub 2014 Mar 18 PMID: 24656406.

. Walczak P, Janowski M. Chemobrain as a product of growing success in

chemotherapy - focus on glia as both a victim and a cure. Neuropsy-
chiatry. 2019;,09(1):2207-16. https://doi.org/10.4172/Neuropsychiatry.
1000565.

. Pendergrass JC, Targum SD, Harrison JE. Cognitive impairment

associated with cancer: a brief review. Innov Clin Neurosci.
2018;15(1-2):36-44.

Shaker FH, EI-Derany MO, Wahdan SA, El-Demerdash E, El-Mesallamy
HO. Berberine ameliorates doxorubicin-induced cognitive impairment
(chemobrain) in rats. Life Sci. 2021;269(1):119078. https://doi.org/10.
1016/].1fs.2021.119078.

. El-Derany MO, Noureldein MH. Bone marrow mesenchymal stem cells

and their derived exosomes resolve doxorubicin-induced chemobrain:
critical role of their miRNA cargo. Stem Cell Res Ther. 2021;12(1):322.
https://doi.org/10.1186/513287-021-02384-9.

. Mcelroy T, Allen AR. A Bibliometric review of publications on oxidative

stress and Chemobrain: 1990-2019. Antioxidants. 2020;9(5):439. https://
doi.org/10.3390/antiox9050439.

. Tong Y, Wang K, Sheng S, Cui J. Polydatin ameliorates chemotherapy-

induced cognitive impairment (chemobrain) by inhibiting oxidative
stress, inflammatory response, and apoptosis in rats. Biosci Biotechnol
Biochem. 2020;84(6):1201-10. https://doi.org/10.1080/09168451.2020.
1722057.

. Oberste M, Schaffrath N, Schmidt K, Bloch W, Jager E, SteindorfK; et al.

Protocol for the “Chemobrain in Motion - study” (CIM - study): a rand-
omized placebo-controlled trial of the impact of a high-intensity interval
endurance training on cancer related cognitive impairments in women
with breast cancer receiving first-line chemotherapy. BMC Cancer.
2018;18(1):1071. https://doi.org/10.1186/512885-018-4992-3.

. Ongnok B, Khuanjing T, Chunchai T. Donepezil Protects Against Doxoru-

bicin-Induced Chemobrain in Rats via Attenuation of Inflammation and
Oxidative Stress Without Interfering With Doxorubicin Efficacy. Neuro-
therapeutics. 2021;18:1-19. https://doi.org/10.1007/513311-021-01092-9.


https://doi.org/10.1186/s12905-024-03251-4
https://doi.org/10.1186/s12905-024-03251-4
https://doi.org/10.3322/caac.21660
https://doi.org/10.1634/theoncologist.2012-0032
https://doi.org/10.1016/j.phrs.2015.08.004
https://doi.org/10.1097/JNN.0000000000000171
https://doi.org/10.1097/JNN.0000000000000171
https://doi.org/10.1007/s11910-016-0686-x
https://doi.org/10.1007/s11910-016-0686-x
https://doi.org/10.1080/07357900701506672
https://doi.org/10.1016/j.jval.2013.06.017
https://doi.org/10.1016/j.jclinepi.2013.12.011
https://doi.org/10.1016/j.jclinepi.2013.12.011
https://doi.org/10.4172/Neuropsychiatry.1000565
https://doi.org/10.4172/Neuropsychiatry.1000565
https://doi.org/10.1016/j.lfs.2021.119078
https://doi.org/10.1016/j.lfs.2021.119078
https://doi.org/10.1186/s13287-021-02384-9
https://doi.org/10.3390/antiox9050439
https://doi.org/10.3390/antiox9050439
https://doi.org/10.1080/09168451.2020.1722057
https://doi.org/10.1080/09168451.2020.1722057
https://doi.org/10.1186/s12885-018-4992-3
https://doi.org/10.1007/s13311-021-01092-9

Ma et al. BMC Women'’s Health (2024) 24:406

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Alhowail A, Chigurupati S. Research advances on how metformin
improves memory impairment in ‘chemobrain” Neural Regen Res.
2022;17(1):15-9. https://doi.org/10.4103/1673-5374.314284.

Folstein MF, Folstein SE, McHugh PR.“Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189-98. https.//doi.org/10.1016/0022-3956(75)
90026-6. PMID: 1202204.

Borson S, Scanlan JM, Chen P, Ganguli M. The Mini-Cog as a screen for
dementia: validation in a population-based sample. J Am Geriatr Soc.
2003;51(10):1451-4. https://doi.org/10.1046/j.1532-5415.2003.51465 x.
PMID: 14511167.

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V,
Collin I, Cummings JL, Chertkow H. The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr
Soc. 2005;53(4):695-9. https://doi.org/10.1111/j.1532-5415.2005.53221 x.
Erratum.In:JAmGeriatrSoc.20195ep;67(9):1991. PMID: 15817019.
Wagner L1, Sabatino T, Cella D. Cognitive function during cancer treat-
ment: The FACT-Cog study. J. Robert H. Lurie Compr. Cancer Center
Northwest Univ. 2005;10:10-15.

LiuW,Yu L, Deng Q, LiY, Lu P, Yang J, et al. Toward digitally screening
and profiling AD: A GAMLSS approach of MemTrax in China. Alzheimers
Dement. 2023. https://doi.org/10.1002/alz.13430. Epub ahead of print.
PMID: 37654085.

Van der Hoek MD, Nieuwenhuizen A, Keijer J, Ashford JW. The MemTrax
test compared to the Montreal cognitive assessment estimation of mild
cognitive impairment. J Alzheimer’s Dis. 2019;67(3):1045-54. https://doi.
0rg/10.3233/JAD-181003.

Liu X, Chen X, Zhou X, Shang Y, Xu F, Zhang J, et al. Validity of the
MemTrax Memory Test Compared to the Montreal Cognitive Assessment
in the Detection of Mild Cognitive Impairment and Dementia due to
Alzheimer’s Disease in a Chinese Cohort. Journal of Alzheimer’s Disease.
2021;80:1257-67.

Zhao X, Dai S, Zhang R, Chen X, Zhao M, Bergeron MF, et al. Using
MemTrax memory test to screen for post-stroke cognitive impairment
after ischemic stroke: a cross-sectional study. Front Hum Neurosci.
2023;17(17):1195220. https://doi.org/10.3389/fnhum.2023.1195220. PMID
:37529406,PMCID:PMC10387538.

Sabbagh MN, Boada M, Borson S, Doraiswamy PM, Dubois B, Ingram J,
et al. Early Detection of Mild Cognitive Impairment (MCI) in an At-Home
Setting. The J Prev Alzheimers Dis. 2020;7(3):171-8. https://doi.org/10.
14283/jpad.2020.22. PMID: 32463070.

Kryscio RJ, Abner EL, Cooper GE, Fardo DW, Jicha GA, Nelson PT, Smith
CD, Van Eldik LJ, Wan L, Schmitt FA. Self-reported memory complaints:
implications from a longitudinal cohort with autopsies. Neurology.
2014;83(15):1359-65.

Kryscio RJ, Abner EL, Jicha GA, Nelson PT, Smith CD, Van Eldik LJ, Lou W,
Fardo DW, Cooper GE, Schmitt FA. Self-reported memory complaints: a
comparison of demented and unimpaired outcomes. J Prev Alzheimers
Dis. 2016;3(1):13-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7


https://doi.org/10.4103/1673-5374.314284
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1046/j.1532-5415.2003.51465.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x.Erratum.In:JAmGeriatrSoc.2019Sep;67(9):1991
https://doi.org/10.1111/j.1532-5415.2005.53221.x.Erratum.In:JAmGeriatrSoc.2019Sep;67(9):1991
https://doi.org/10.1002/alz.13430
https://doi.org/10.3233/JAD-181003
https://doi.org/10.3233/JAD-181003
https://doi.org/10.3389/fnhum.2023.1195220
https://doi.org/10.14283/jpad.2020.22
https://doi.org/10.14283/jpad.2020.22

	Toward better understanding and management of chemobrain: the potential utilities of the MemTrax memory test
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Materials and methods
	Study population
	The Functional Assessment of Cancer Therapy Cognitive Function (FACT-Cog) (Version 3, Simplified Chinese) and subscales
	MemTrax test procedures and output metrics

	Data collection
	Statistical analyses

	Results
	Participants demographics
	FACT-Cog quantified chemobrain
	Chemobrain is not reflected by the MemTrax memory test

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


