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Chemo brain: myth or clinical reality? Shekis
Literature review and clinical case

Kausar K. Yakhin, Dina T. Zagretdinova, Konstantin S. Sergienko

Kazan State Medical University, Kazan, Russia

ABSTRACT

The review presents a psychopathological phenomenon new for the Russian psychiatry. It combines various cognitive
and psychopathological entities (hallucinations, delusions, consciousness disorders) occurring in cancer patients as a result
of chemotherapy. In foreign literature, such entities are generalized under such common terms as chemo brain, chemo
fog, and post-chemotherapy cognitive impairment (PCCI). Chemo Brain is a symptom complex developing after treatment
with various groups of chemotherapeutic drugs and caused by certain functional and structural brain changes. This article
collates the data on etiology, pathogenesis, clinical features and interventions in case of disorders generally known as
Chemo Brain. In addition, it discusses chemotherapeutic drugs most often inducing the Chemo Fog phenomenon (Cisplatin,
Doxorubicin, Methotrexate, 5-fluorouracil), and a clinical Chemo Brain case with severe cognitive impairment and a confusion
episode. A 74-year-old female patient undergoing chemotherapy for sigmoid colon carcinoma and metastases experienced
a sharp deterioration of memory, self-care, and mobility after a routine chemotherapy round. The patient had been treated
with a cocktail of chemotherapy drugs for 3 years and had several surgeries. With acute memory impairment, she consulted
the internal medicine department. The doctors were puzzled with her symptoms. Having received advice of various medical
specialists and the corresponding treatment, the patient showed improvement of both cognitive and motor functions. The review
emphasizes the need for further clinical research of Chemo Brain drug treatment.
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CMHAPOM «XMMUYECKOro Mo3rax:
MU WM KJIMHUYECKasA peasibHOCTb?
0630p nuTepaTypbl U KIMHUYECKUN cnyyau

K.K. Axun, [.T. 3arpetauHosa, K.C. Cepruenko

KasaHckuil rocynapcTeHHbIN MeAULMHCKIIA YHuBepcuTeT, KasaHb, Poccus

AHHOTALINA

B o630pe npeacTaBneH HOBbIN [11 POCCUICKOrO CerMeHTa MCUXUATPUM MCUXONaTonormieckuii heHoMeH, obbeanHALLMIA
pa3nuyHble KOTHUTMBHbIE UM MCMXomaTtonornyeckme 0bpasoBaHus (ranmoumHaumm, bpes, CMHLPOMbI PacCTPOEHHOr0 CO3Ha-
HWs), BO3HMKAIOLLME Y NULL C OHKONOrMYecKuMU 3aboneBaHMsMM, MepeHECLUMX XMMUOTEpaneBTUYECKOE JIeYeHMe, B 3apy-
BexHolM nuTepaType 06beAMHEHHBIX Noj, Ha3BaHUAMKU «chemobrain» («xuMMOMo3r»), «chemofog» («XUMUUECKUIA TyMaH»),
«post-chemotherapy cognitive impairment» — PCCl (KorHUTMBHblE HapyLLEHMs, CBA3aHHblE C XxuMMoTepanuen). CuHLpoOM
«XMMUYECKOro Mo3ra» npeacTaBnseT coboi CUMNTOMOKOMMIEKC, Pa3BUBAIOLLMIACA NOC/E NIEYEHUA PasfIMyHBIMU FpynnaMu
XMMUOTEpaneBTUYECKUX NPenapaToB U UMetowuiA nog, coboii onpefenéHHble GYHKUMOHaNbHBIE M MOpQOOrMyecKue u3me-
HeHWs B rOJIOBHOM Mo3re. B aaHHoM cTatbe ocyLlecTBNEH cOop AaHHbIX, KacaloLLMXCA 3TMONIOrM, NaToreHe3a, 0cobeHHoCTeN
KJIMHWYECKOM KapTUHBI M CNocoBoB KOpPEKLMM rpynMbl paccTPOMCTB, 06beAMHEHHBIX TEPMUHOM «XMMUOMO3r». KpoMe Toro,
PaccMOTpeHbl XMMUOTEpaneBTMYECKUe Mpenapatbl, Haubonee 4acTo MPOBOLMPYIOLLME Pa3BUTME PEHOMEHA «XUMWUYECKOTO
TyMaHa» (LMCNNaTWH, LOKCOPYOMLMH, MeToTpeKcaT, 5-dTopypaumun), a Take NpeAcTaBeH KMHUYECKUI Clyyal pasBuTUA
CMHIPOMA «XMMUYECKOr0 MO3ra» C BbIPaXKEHHBIMU KOTHUTUBHBIMU HapYLLEHUAMM W 3MM30[0M CMYTaHHOCTW CO3HaHuA. Y na-
LMEHTKM 74 neT, monyyaBLUei XMMUOTEPANeBTUYECKOE JIEYEHUE B CBA3N C KapLMHOMON CUMOBUAHOW KULIKM M MeTacTasa-
MW, MOCNEe 04YEpefIHOro Kypca XMMMOTepanuu 0TMeYanochb pesKoe YXYALIEHWE MaMATU, HapyLLeHWs B camoobcyuBaHUM
1 cBob0IHOM nepeaBMKeHUn. 3a 3 rofa NeyeHUs NaLMeHTKa Noayynna «KOKTEIb» U3 XMMUOTepaneBTUYECKUX NPenapaTtos,
a TaKXKe MepeHecna HEeCKOIbKO XMpyprdeckux onepaumit. C 0CTpo BO3HMKLUMMMW HapyLUEHUSIMM MaMATM OHa obpatunack
B TepaneBTUYECKOEe OTAENEHME, 033[,a4MB CBOUMW CUMMTOMaMM Bpadeid. [locne KOHCyNbTaLuin Bpayeii-cneunanncToB pas-
JMYHBIX Mpodunei U NOAYYEHHOTO NeYeHUs Y NALMEHTKM 0TMeYanach NosoxuTeNbHas AMHAMUKA KaK B KOTHUTMBHOM, TaK
1 B ABUratesibHon cdepe. B 063ope noguyépkHyTa HeobxoaMMOCTb JanbHENLLINX KIIMHUYECKUX UCCNeoBaHuiA B obnactu dap-
MaKoTepanun CMHAPOMa «XMMUYECKOr0 MO3ray.

KnioyeBble cjioBa: XMMUOMO3T; XMMUYECKUM TYMaH; KOTHUTUBHbIE HapYLUeHUA; XuMuoTepanus.
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«XUMUK MU» CUHAPOMbI: MU(PMbI 1D KNUHUK
YblH6apnbIKMbI? 9436MATKA KY33TY haM KAMHUMK oypak

K.K. fixun, [1.T. 3ahpetamnHoBa, K.C. Cepruenko

KasaH paynat MeauumHa yHuBepcuteTbl, KasaH, Pacaii

AHHOTALIMA

Ky3atyne ncuxuatpusHeH, Poccus cerMeHTbl e4eH fHA BynraH mcuxonaTonorvk GeHoMeHbl TaKbAUM WTENs, YN XvMU-
oTepanus y3raH OHKOMOrusne aBblpynapfa OapiblKka KWna TopraH Tepfe KOTHUTMB haM NcuxnaToniorvk Tanmbiibil-
napHbl (ranniouMHaumManep, catallynap, KaklaraH a, CMHAPOMHapbl) GepnialuTepa- YMT UN FaMMHIpE Xe3MaTNapeHnd
«chemobrain», «xxuMuK Mu», «chemofog» («xMMUK ToMaH»), post-chemotherapy cognitive impairment — PCCI (xummnoTepa-
nus 6enaH 6aiine KOrHUTYB TalMbINbILLAAP) CEMHaPE acTbiHAa bepnawTepen bupesna. «XMMUK MU» CUHAPOMBI XMMUOTEPanus
npenapatnapbiHbIH, Tepae rpynnanapbl 6ensH AaBanaHraHHaH coH, yca TopraH ham baw MueHas bunrene 6ep dyHKUMOHaNb
haM Mopdonoruk y3rapewunapra us 6ynraH CUMNTOM KOMMAeKchl Bynbin Topa. dnere MakanaAa 3TMONOTUAra, NaToreHes-
ra, KIMHUK KapTUHa y3eHYaieKapeHa haM «XMMMOMO3r»TepMUHbI BenlaH GepaluTepenraH TalnbiNbiLnap TOPKEMEH Te3aTy
bICYNINapblHa KarblbILWbl MarblyMaTnap Jblefabl. MoHHaH Thill, «XMMUK TOMaH» eHOMeHbIH (MCNNATUH, [LOKCOPYOULIMH,
MeToTpeKcart, 5-(Topypaumn) ycTepyra eLl 3Tapyye XMMUOTEpaneBTUK Npenapatniap Kapangbl, LWynan YK adublk KOrHUTUB Taii-
nbinbiwnap ham ax, bytany anusoabl 6enaH «XMMUK MU» CUHAPOMBI YCELUEHEH, KITMHWUK 04parbl TakbauM utenge. Curmosug
349K KapumHoMackl haM MeTacTasnap 6enaH 6aiine paBeLUTa XMMUOTEpaneBTUK AdBanay anraH 74 AWbieK NauMeHTKaHbIH,
yMpaTtTarbl KypCbIHHaH COH, XaTepe KMCKEH HayapfiaHy, y3-y3eHd Xe3MaT KypcaTyAa haM upekne xapaKaT utyaa 603bl-
Ny Ky3aTeNraH. 3 en AoBanaHy BaKbITbIHAA NaUMEHTKA XMMWUOTEPANeBTUK MpenapaTiapfaH «KOKTeNb» anraH, Lwynai yK
BepHUYa XMpYPrYK onepaums KuuepraH. XaTepeHaa KuckeH 603biny bensH yn Tepanus bynereHa Mepaxaratb utTe, Tabubnap-
Hbl Y3€HEH, CUMNTOMHapbl 6enaH anTbipaluta Kanabipapl. Tepnie npodunbaare Tabub-6enreunap KOHCYNbTALMANBPEHHAH COH,
haM anblHraH AaBanayfaH COH, NaUMeHTKaAa KOrHUTUB haM XapaKaT eIKaceHAs YHal AMHaMUKa Ky3aTena. Ky3aTyas «xuMuk
MU»CUHAPOMBI (hapMaKoTepanusce eIKaCeHAd anra Taba KIMHUK TUKLIEPEHYNap KUPaKJIere acChi3blKNaHabl.

Ten Ccy3nap: XUMUK MU; XUMUK TOMaH; KOTHUTUB TaVII'IbIJ'IbILLIJ'Iap; XUMUoTepanusa.
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BACKGROUND

The World Health Organization reports that cancer is one
of the leading causes of mortality worldwide, accounting for
nearly 10 million deaths in 2020. The global structure of cancer
by localization is as follows: breast cancer (2.26 million
cases), lung cancer (2.20 million cases), colorectal cancer
(1.93 million cases), prostate cancer (1.41 million cases), skin
cancer (1.20 million cases), and stomach cancer (1.09 million
cases) [1]. According to the Russian Ministry of Health,
in Russia there are 3.94 million patients with cancer, with
about 600,000 cases of newly diagnosed cancer annually and
278,000 of cancer deaths in 2021 [2].

Current cancer screening and early diagnosis programs
increase the likelihood of a good response to treatment,
reduce the severity of the disease, allow the use of less
expensive therapies, and increase the chances of survival and
life expectancy of patients. In addition, advances in modern
therapies for cancer patients have resulted in a steadily
increasing number of cancer survivors. Globally, the median
5-year survival rate for breast cancer increased from
75% in the 1975 to 1977 cohort to 91% in the 2008 to 2014
cohort [3]. The American Cancer Society reports that by
2026, the number of cancer survivors in the United States
will exceed 20 million, nearly doubling from 2012 [4, 5].
As of 2023, cancer mortality rate in the Russian population
has decreased by almost 6% compared to 2018 [2]. This has
increased interest in assessing the health-related quality
of life in patients with cancer, as well as the psychosocial
consequences associated with cancer and its treatment.

This review collected data describing changes in cognitive
function and the brain after chemotherapy. Although
the negative cognitive effects following localized therapy,
particularly cranial irradiation (radiation therapy), have
long been evaluated, more than 60% of patients receiving
systemic chemotherapy also develop cognitive impairment
that significantly affects their daily life, performance and
social relationships, and the long-term effects may persist
for many years after discontinuation of therapy [6].

CHEMO BRAIN

Cognitive changes associated with chemotherapy have
been mentioned since 1978, when concerns were raised
about the impact of chemotherapy on the emotional and
cognitive status of cancer patients [7]. However, no due
scientific attention was paid to this topic until the mid-
1990s [8]. The combination of pathological phenomena
in patients who have undergone chemotherapy includes
disorders of cognitive functions from minimal impairments
of short-term memory and reaction time to altered mental
status. In world literature the disorders are united by the terms
chemo brain, chemo fog [9], and post-chemotherapy cognitive
impairment (PCCI) [10]. In literature in Russian, the terms
chemo brain and chemo fog are quite rare, while the terms
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post-chemotherapy neurotoxicity [11], post-chemotherapy
encephalopathy [12], and toxic encephalopathy [13] are used
more often in the context of neurologic complications. Even
though the symptoms of chemo brain are largely represented
by disorders of various spheres of mental activity, we could
not find the point of view of the Russian-speaking psychiatric
community regarding this problem.

CLINICAL FEATURES

Most cancer treatments, including traditional
chemotherapy, are associated with severe, sometimes
prolonged and irreversible side effects. Patients often
experience altered mental status during and after treatment
with various anticancer agents. Other treatments, including
hormonal and targeted therapies, may also contribute
to cognitive impairment [14]. In such cases, the most common
complaints are fatigue, emotional lability, low mood, anxiety,
memory impairment (up to small memory lapses), difficulty
concentrating, and episodes of disorientation in time and
space [12]. In addition, cognitive impairment is characterized
by difficulties in memorization, term selection, information
processing, and multitasking. Critical and strategic thinking,
creativity, learning, and establishing connections between
objects and phenomena are affected. It is worth noting that
the severity of deficits varies significantly with personal
experience and attitude toward the condition [15]. Overall,
different researchers estimated the number of patients
experiencing chemo brain after chemotherapy to be as
high as 15%-30% of cases. Of these, up to 75% of patients
experience symptoms while undergoing treatment, and
35% report behavioral and cognitive symptoms only after
treatment has ended [16]. Most patients reported starting
chemotherapy unaware of chemo brain as a potential side
effect of the treatment. This initial unawareness often
led to shock and panic, with many patients mentioning
they learned of chemo brain almost by chance. The lack
of an accepted concept of the chemo brain syndrome has
hindered the adaptation of many patients, with the disorder
often having to be hidden from others, causing the feeling
of isolation with the problem and the anxiety associated with
it to become personal, preventing patients from seeking
support. Initial anxiety 2—6 years after treatment is replaced
by frustration and acceptance with further diminishing hope
of returning to the pre-chemotherapy state. Some studies
have shown that cognitive deficits persist for 10 years after
treatment, while others have found a significant improvement
after 3 years [15].

ETIOLOGY AND MECHANISMS
OF DEVELOPMENT

Cognitive impairment associated with chemotherapy
develops through several potential mechanisms including
damage to the blood-brain barrier, increased oxidative stress
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and inflammation in the brain, and impaired neurogenesis,
each leading to neuronal dysfunction [17]. Other potential
mechanisms have been suggested, including inhibition
of hippocampal neurogenesis and direct neuronal damage,
as well as activation of secondary glial cells, i.e. microglia
and astrocytes, production of proinflammatory cytokines,
and defects in myelin-producing cells (oligodendrocyte
lineage) [18]. A model of abnormalities in the brain default
mode network as a potential biomarker of chemotherapy-
induced damage is of interest. This system is believed
to be responsible for such processes as implicit learning,
autobiographical memory, prediction, analysis of what
is happening at the moment, creativity, and self-reflection.
A decrease in the level of activity of the default mode
network explains the cognitive disorders in this group
of patients [19]. Changes in brain activity (signals, cerebral
blood flow) in patients with cancer have been observed in all
functional networks, including prefrontal, parietal, occipital,
temporal, and cerebellar regions. In addition to changes
in brain activity, neuroimaging methods reveal decreased
gray matter density in frontal, parietal, and temporal
regions, and diffusion-weighted MRI data suggest decreased
white matter integrity affecting the superior longitudinal
fasciculus, corpus callosum, great forceps, and corona
radiata, as well as altered structural connectivity throughout
the brain network [20]. One study demonstrated evidence
of a dramatic reduction in cortical thickness, along with an
acceleration of predicted brain age from before treatment
and 1 month after chemotherapy in breast cancer patients
compared to controls. These results suggest that accelerated
aging is one of the underlying mechanisms of chemo brain.
These findings are particularly relevant because increasing
brain age is associated with an increased risk of developing
Alzheimer's disease in individuals with mild cognitive
impairment. Notably, cancer survivors diagnosed with chemo
brain tend to have a negative correlation of symptoms with
time after treatment, suggesting that some recovery does
occur. Nevertheless, deficits can be detected up to 10 years
after treatment, suggesting permanent cognitive deficits
in some of the cases [21].

MEDICINES COMMONLY ASSOCIATED
WITH THE CHEMO BRAIN SYNDROME

Here we discuss the drugs most frequently used
in cancer treatment protocols, some of which were used
as chemotherapeutic treatment in our patient from the case
report that we present below.

Platinum-based products (e.g., cisplatin, oxaliplatin)
are widely used for chemotherapy. Prolonged treatment
with cisplatin leads to neuronal mitochondrial dysfunction,
which affects patients’ cognitive functions. Multiple
neurodegenerative diseases including Parkinson’s,
Alzheimer's disease, and post-chemotherapy cognitive
impairment are associated with neuronal mitochondrial
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dysfunction [22-28]. Cisplatin penetrates the blood-brain
barrier at levels sufficient to cause damage to hippocampal
neurons and neural stem cells [29]. Astrocytes can respond
to the “help” signal from damaged neurons, resulting
in the transfer of mitochondria to them. Here a paradox
arises: if astrocytic mitochondrial transfer leads to neuronal
recovery, why do patients undergoing chemotherapy still
experience neurotoxicity leading to cognitive impairment?
One answer may be the fact that the regenerative capacity
of astrocytes becomes deficient when patients are treated
for long periods of time, which is characteristic of cisplatin
chemotherapy [30]. Indeed, the risk of developing a chemo
brain increases with the duration of treatment [31-34].
Exposure of mice to a single course of cisplatin treatment
did not cause any cognitive deficits, whereas two courses
of treatment caused a significant decrease in performance
in cognitive function tests.

The use of doxorubicin in the treatment of various
types of cancer [35] is associated with decreased long-
term hippocampal potentiation, increased lipid peroxidation,
and apoptosis [36]. Moreover, despite the low ability
of doxorubicin to penetrate the blood-brain barrier, even its
short-term administration has been shown to adversely affect
hippocampal cell proliferation [37]. In addition, it has been
reported that the combination of doxorubicin and cisplatin
impairs cognitive function by increasing phosphorylation
of proteins of extracellular signal-regulated kinase 1/2
(Erk1/2) and contributes to inflammation [38], production
of reactive oxygen species, and further oxidative stress [39].

The primary mechanism of action of 5-fluorouracil
(5-FU, capecitabine, etc.) is inhibition of thymidine synthesis
and blocking DNA replication. 5-FU penetrates the blood-
brain barrier and directly affects mitotic activity in the brain.
It is one of the most common chemotherapeutic agents
with long-lasting neurotoxicity. Early studies showed that
three systemic injections of 5-FU (40 mg/kg) over five
days impaired long-term survival of mature neurons for up
to six months after 5-FU treatment in young adult mice. This
suggests that slower hippocampal cell proliferation rate may
not be evident immediately after 5-FU treatment, whereas
long-term neuronal survival is affected [40].

Methotrexate is a dihydrofolate reductase inhibitor used
for the treatment of leukemia, lymphoma, choriocarcinoma,
breast and lung cancer, and other malignant neoplasms [41].
Methotrexate was found to cause depletion of the cellular
potential of oligodendrocytes in human and murine white
matter, leading to microglia activation [42]. Activated
microglia induce a state of neurotoxic reactivity in astrocytes
and disrupt oligodendroglial lineage dynamics and myelin
plasticity, ultimately leading to abnormal myelination and
cognitive impairment. The major delayed complication
of methotrexate therapy is leukoencephalopathy [43].
Although this syndrome can be caused by intrathecal
or high-dose systemic methotrexate alone, it is exacerbated
by radiotherapy, especially if radiotherapy is administered
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before or during methotrexate treatment. Symptoms
of developing cognitive impairment appear months
or years after the treatment. The clinical presentation ranges
from mild cognitive impairment to severe progressive
dementia [44]. Over time, many patients stabilize or improve
after discontinuation of methotrexate, but in some patients
the disease may progress and lead to death [45]. Such
a diverse course with variants of increased neurotoxicity
may be explained by genetic polymorphism, i.e. individual
characteristics of methionine metabolism necessary for
myelination in a particular patient [44].

One of the main manifestations of paclitaxel-induced
neurotoxicity is the phenomenon of endoplasmic reticulum
stress [46]. Neurotoxicity is characterized by predominantly
symmetrical sensory axonal neuropathy affecting both large
and small nerve fibers. Symptoms usually develop 1-3 weeks
after treatment initiation [47].

THERAPEUTIC STRATEGIES
TO PREVENT OR ALLEVIATE CHEMO
BRAIN SYMPTOMS

Inaccurate diagnostic criteria and heterogeneous
molecular mechanisms of brain alterations that are not
fully understood have hindered effective research into
the prevention and treatment of chemo brain. The typical
patient receives a “cocktail” of drugs during chemotherapy.
In this case, the molecular mechanisms of the chemo brain
are a combination of the therapeutic effect and side effects
of each drug and their synergism [48].

Inflammatory markers found in patients with Alzheimer’s
disease and vascular dementia, characterized by cognitive
impairment, have prompted the inflammatory hypothesis and
attempts to use aspirin in the treatment of the chemo brain
syndrome. The anti-inflammatory drug aspirin was previously
reported to prevent tumor-induced cognitive impairment
in a murine model of metastatic breast cancer not treated with
chemotherapy [49], but a similar study in paclitaxel-treated
mice showed that aspirin was not effective in preventing
or treating post-chemotherapy cognitive impairment [50].

Several epidemiologic studies and a case—control study
have shown that diabetic patients receiving metformin may
have a lower risk of developing cancer compared to those
using other sugar-lowering medications. The reasons for this
finding remain unclear and the results require confirmation
in controlled studies [51]. This study inspired another one,
on the effect of metformin on mice with doxorubicin-
induced memory impairment, where no improvement was
observed [52].

Research on the microbiota of patients with cancer
is promising and represents a new field that is gradually
coming to the forefront of clinical research in oncology from
different perspectives [53]. A recent microbiological analysis
of over 1,500 tumor and adjacent healthy tissue samples
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from breast, lung, ovarian, pancreatic, bone and brain
cancers and melanoma revealed the presence of intracellular
bacteria in both cancerous and immune cells. Importantly,
each tumor type was characterized by a different composition
of the intratumor microbiota [54]. Growing evidence from
animal models and clinical trials emphasizes the significant
impact of the gut microbiota on the efficacy of cancer therapy,
mainly immuno- and chemotherapy. Restoration of microbiota
with probiotics and prebiotics or fecal microbiota transplant
may represent a new treatment modality for cancer
survivors [95].

Fluvoxamine, a selective serotonin reuptake inhibitor
widely used in clinical practice as an antidepressant, improves
symptoms of depression resulting from an imbalance
between pro- and anti-inflammatory cytokines [56], in addition
to alleviating endoplasmic reticulum stress response in vitro
and in animal models. In particular, fluvoxamine mitigates
paclitaxel-induced neurotoxicity, partly through induction
of Sig-1R in cell models, and reduces the infarction size after
focal cerebral ischemia in mice [57].

In general, MAO inhibitor antidepressants have been
shown to have anti-inflammatory effects [58], with
the evidence of inhibition of anti-inflammatory cytokines and
lymphocytes. Thus, antidepressants may have beneficial effects
on chemotherapy-induced inflammation and post-chemotherapy
cognitive impairment by restoring the balance of cytokines.
In addition, the pro-cognitive effects of some antidepressants
justify their use in patients with chemo brain [59].

Lithium is a drug that has been used for decades to treat
psychiatric disorders, but evidence has recently emerged that
it may have neuroprotective effects and is associated with less
cognitive deficit in various models of brain injury, including
after cranial irradiation [60, 61]. Whole brain radiotherapy
in mice reduced neuronal proliferation in the subgranular
zone of the dentate gyrus, which led to a long-term reduction
in neurogenesis [62]. Lithium was found to protect irradiated
hippocampal neurons in mice from apoptosis, which improved
learning and memory function [61].

The growing popularity of phytotherapy, despite the great
success in the development of synthetic drugs, is also
reflected in research papers. Mohamed et al. found that
epicatechin, a polyphenolic molecule derived from green tea,
has a pronounced neuroprotective effect before doxorubicin
injection and then during doxorubicin injections for another
two weeks [63]. A similar neuroprotective effect was
demonstrated for the pulp of mango fruit (Mangifera indica),
turmeric rhizome (Curcuma longa), and Indian pennywort
(Centella asiatica) [64]. Resveratrol, a natural nonflavonoid
polyphenol present in various plant species including
grapes, peanuts, berries, and red wine, exhibits anticancer
activity against a wide range of cancers (prostate, skin, liver,
ovarian, and lung cancers). An in vivo study showed that
oral administration of resveratrol for three weeks, starting
one week before treatment with docetaxel, adriamycin, and
cyclophosphamide, improved cognitive impairment caused by
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these drugs in mice [65]. In search of a potential phytochemical
for the treatment of chemo brain, acetylcholinesterase
inhibitors, such as donepezil and rivastigmine, actively used
for cognitive impairment in dementia, were studied [66].
Therapy with doxorubicin in combination with donepezil fully
restored cognitive function, mitigating the pathologic effects
caused by doxorubicin without deteriorating the cytostatic
effect [67]. The combined use of doxorubicin with galantamine
only resulted in improved memory performance in mice [68].

CASE REPORT

Patient G., 74 years old; has a higher education. In 2018,
she was diagnosed with de novo cancer of the sigmoid colon
and underwent resection of the sigmoid colon. However,
despite the surgical intervention, disease progression with
metastases to the left lung occurred. The patient underwent
resection of the left lung in 2020, followed by 6 courses
of palliative chemotherapy (PCT) with XELOX (capecitabine and
oxaliplatin) regimen. In January 2022, the patient underwent
resection of liver metastases with additional 4 courses of PCT
with XELIRI regimen (capecitabine and irinotecan). In May
2022, during the 3rd course of PCT, no evidence of progression
of the primary tumor and metastases were revealed. However,
in December 2022 negative dynamics in the lungs and liver
was observed. From January to February 2023, two courses
of immunotherapy with monoclonal antibody nivolumab were
administered, with a positive effect. In June 2023, the 4th
line of PCT was started (irinotecan and cetuximab). Final
diagnosis: cancer of the sigmoid colon (pT4aNOMO; stage
lIb, eligible for radical treatment); disease progression;
metastases to the lungs and liver. Concurrent diagnoses: type
Il diabetes mellitus, subcompensated; hypertension, stage I,
risk group 4; congestive heart failure, stage C, functional
class Il; systemic atherosclerosis. A total of 11 courses
of chemotherapy with two courses of immunotherapy were
performed during the treatment period.

After the next course of chemotherapy in August 2023,
the patient developed an acute memory loss, self-care
problems, and free movement deficits. She presented
to the Internal Diseases Department with these
complaints. The results of the brain MRI showed
moderate external hydrocephalus ex vacuo and atrophic
changes in the brain matter (cortical atrophy). Mental
status at the time of examination: the patient is slow and
confused, looks around, gives one-word answers to some
questions (e.g., “what is your name?”). Disoriented in time
and place. Motor coordination is disturbed; after sitting up
with the help of doctors she remained in a sitting position
for some time, but after a few minutes she asked to lie
down. Muscle tone is weakened. Conclusion: chemo brain
syndrome with severe cognitive impairment and an episode
of confusion. The following treatment was recommended:
dimethyloxobutylphosphonyl dimethylate solution (2 g
[V), memantine hydrochloride (10 mg/day), fluvoxamine
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(100 mg/day), ethylmethylhydroxypyridine succinate solution
(10 mL per 200 mL of 0.9 % NaCl solution IV). After several
injections of dimethyloxobutylphosphonyl dimethylate,
followed by ethylmethylhydroxypyridine succinate, she
slept through the night. In the morning, the patient awoke,
productive contact appeared, and orientation in time and
space was restored. Purposeful movements were not
recovered. The patient said that the previous night (before
the administration of therapy) she thought she was in Israel,
recognized the doctor, but could not understand why he was
there and what he was doing. During the next four weeks,
positive dynamics was noted in both cognitive and motor
functions of the upper and lower extremities.

The presented case report shows how long
the patient journey can be. The patient received a “cocktail”
of chemotherapeutics and underwent several surgical
procedures over 3 years. She presented to the Internal
Diseases Department with acute memory loss, puzzling
the doctors with the symptoms. It is worth mentioning
the patient’s comorbidity in this case. Despite the differences
in the point of view of psychiatrists, who emphasize
cognitive disorders in chemo brain, and neurologists,
who mainly focus on accompanying motor disorders, our
patient was prescribed practically the same treatment
after appointments with these specialists, which highlights
the importance of a multidisciplinary approach. The patient’s
rapid recovery from cognitive decline was also surprising
for us, because the drugs prescribed (fluvoxamine,
dimethyloxobutylphosphonyl dimethylate solution) were
used off-label, i.e. they are not indicated for the treatment
of the chemo brain syndrome, which requires further
experimental and clinical research. As the review shows,
there is no unified approach to the treatment of chemo
brain. However, rapid recovery of cognitive functions
was accompanied by a rather long and difficult process
of returning to the previous level of motor activity, which was
not described previously in this group of patients, and this
is what we would like to point out to specialists.
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