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impairment in early-stage breast cancer patients

Jingjing Zhao", He Zuo”, Ke Ding, Xiuging Zhang, Ziran Bi, Huaidong Cheng”

Department of Oncology, The Second Affiliated Hospital of Anhui Medical University, Hefei 230601, Anhui, China.
“Equal contributors.

Received January 3, 2020; Accepted June 3, 2020; Epub June 15, 2020; Published June 30, 2020

Abstract: To investigate changes in cytokine (IL-103, TNF-at and IL-4) levels before and after chemotherapy and their
correlation with cognitive impairment in early-stage breast cancer (BC) patients, the 190 BC patients enrolled in
this study were divided into two groups: a before chemotherapy group (BCG) and an after chemotherapy group
(ACG). The BCG was also divided into two subgroups according to the cognitive assessment results: one group with
normal cognition (CNG) and one group with impaired cognition (CIG). Plasma cytokine levels (IL-13, TNF-«, and IL-4)
were evaluated in all patients. The mini-mental state examination (MMSE), prospective and retrospective memory
questionnaire (PRMQ), and functional assessment of cancer therapy-cognitive function version 3 (FACT-Cog, ver-
sion 3) were used to evaluate patients’ self-perceived cognitive impairments. Furthermore, their quality of life (QOL)
was evaluated. Plasma IL-13, TNF-a and IL-4 levels were higher in the ACG than in the BCG (Z = -3.089, -2.458 and
-1.987; P =0.002, 0.014, and 0.047; respectively). Moreover, plasma IL-13, TNF-& and IL-4 levels were higher in the
CIG than in the CNG (Z =-4.353, -3.383 and -2.522; P = 0.000, 0.001 and 0.012; respectively). Furthermore, a cor-
relation was noted between cognition (MMSE, retrospective memory (RM), prospective memory (PM), and FACT-Cog
scores) and QOL in BC patients (r =-0.790, 0.852, 0.847 and 0.937, respectively), and a correlation was observed
between cognition and cytokine levels (IL-13, TNF-a, and IL-4) in BC patients (r =-0.681, -0.572 and -0.626; respec-
tively). The present results indicated that changes in cytokine levels may occur in BC patients with chemotherapy-
related cognitive impairment (CRCI). We also found that CRCI was associated with QOL after chemotherapy in BC
patients. This study provides a theoretical basis for the improvement of QOL in BC patients.
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Introduction memory, attention, executive function and pro-
cessing speed in cancer survivors [3]. In the
literature, it has been reported that between
35% and 75% of BC patients have impaired
cognition during or after treatment [4]. The goal
of active anti-tumor therapy is not only to
achieve long-term survival but also to regain a
socially and professionally acceptable lifestyle
after treatment. However, even mild cognitive
impairment can have a significant impact on a
patient’'s quality of life (QOL), including slow
reactions, impairment in multitasking, and

Breast cancer (BC) is the most common cancer
threat to women’s health and the second lead-
ing cause of cancer death after lung cancer [1].
With the development of new chemotherapy
treatments and advances in medical technolo-
gy, the recurrence and metastasis rates of can-
cer have been significantly reduced, especially
in BC patients. Compared to a yearly increase
of approximately 0.3% in the incidence of BC in
the past 5 years, the overall mortality rate

decreased by approximately 40% from 1989 to
2017 [1]. Higher survival rates have raised con-
cerns about the chronic side effects of BC
treatment. Chemotherapy-related cognitive im-
pairment (CRCI), first reported by van Dam in
1998 [2], refers to impairments in learning,

diminished memory, and thus, they lose the
opportunity to rejoin society [3, 5].

Although many drugs cannot directly pass th-
rough the blood-brain barrier (BBB) due to their
molecular weight, the effects of chemotherapy
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in the brain could be mediated, in part, through
neuroinflammatory mechanisms. In addition to
playing an important role in the regulation of
inflammation, cytokines impact the central ner-
vous system through the regulation of neurons,
glial cells, neuronal regeneration, neurodegen-
eration, and cholinergic and dopaminergic pa-
thways [6]. According to these actions, cyto-
kines can be associated with cognition. Cyto-
kines cause local inflammatory responses in
the hippocampus and brain tissue rich in cyto-
kine receptors through oxidation and nitrosa-
tion [7]. The increase in cytokine levels that
accompanies chemotherapy has been corrobo-
rated by studies with several animal models
[8-10]. For instance, the levels of several cyto-
kines, including IL-2, IL.-4, IL-6, L-selectin, MIP-
1a, and TNF-a, were shown to increase by
>1.5-fold after adriamycin and cyclophospha-
mide (AC) chemotherapy treatment [11]. Under-
standing the potential relationship between
cognition and cytokines is therefore crucial.

Further studies are needed to determine the
exact pathogenesis of CRCI; to date, several
candidate mechanisms, including changes in
BBB integrity, DNA damage, telomere length,
cytokine regulation, neural repair, and neu-
rotransmitters [12], that may cause cognitive
impairment have been identified. Although a
large amount of research has been conducted
on CRCI, little is known about the exact mecha-
nism of CRCI. Traditionally, studies have sug-
gested that cytokines are related to cognition,
but whether they are related to CRCI remains
unclear.

In this study, we investigated 190 patients with
early-stage BC, and all participants were admin-
istered a battery of neuropsychological tests.
Furthermore, the levels of cytokines (IL-1(,
TNF-a and IL-4) were assessed in all partici-
pants to determine whether IL-13, TNF-& and
IL-4 levels were related to the occurrence of
CRCI.

Materials and methods
Participants

A total of 190 hospitalized BC patients, before
and after chemotherapy, were enrolled in this
study in the Department of Oncology of the
Affiliated Second Hospital of Anhui Medical
University from August 2018 to August 2019.
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The study was approved by the Research Ethics
Committee of the Affiliated Second Hospital of
Anhui Medical University, and all subjects pro-
vided informed consent.

Eligible patients met the following criteria: (1) a
postoperative immunohistochemical and path-
ological diagnosis of BC before and after che-
motherapy; (2) normal general cognitive func-
tion and daily living ability, with an eastern
cooperative oncology group score of 0-1; (3) a
primary school education or higher with suffi-
cient audio-visual skills to complete the neces-
sary examinations; and (4) sufficient baseline
bone marrow and organ function reserve: spe-
cifically, an absolute neutrophil count 21500/
mm?, a platelet count 2100,000/mm?, a hemo-
globin concentration >8 g/dL; serum muscle
<1.5 times the upper limit of normal; aspartate
aminotransferase and alanine aminotransfer-
ase <2.5 times the upper limit of normal; biliru-
bin <1.5 times the upper limit of normal; and
left ventricular ejection fraction (LVEF) >50%.
The exclusion criteria were as follows: (1) pri-
mary or secondary brain tumors; (2) history of
neurological or mental illness; (3) distant me-
tastasis or advanced cachexia; (4) hormone or
radiation therapy; (5) severe anxiety, depres-
sion or other abnormal emotions; and (6) other
diseases that can lead to impaired cognitive
function.

Neuropsychological tests

Patients were given a series of neuropsycho-
logical tests before and after chemotherapy to
assess their cognition and QOL at baseline and
after treatment.

The mini-mental state examination (MMSE) pri-
marily measures general cognition, including
memory, orientation in time and place, working
memory, visuospatial skills, object naming, wr-
iting, reading, and complex motor operations,
with an overall score ranging from 1 to 30, and
a higher score indicates better cognition [13].
An MMSE score of 26 or lower is considered
cognitive impairment, with 27 to 30 being in
the normal range [14].

The functional assessment of cancer therapy-
cognitive function version 3 (FACT-Cog, version
3) consists of a 37-item questionnaire that
tests mental acuity, attention and concentra-
tion, memory, verbal fluency, functional inter-
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ference and multitasking ability and has been
widely used. The item scores range from O
(“never”) to 4 (“several times a day”). Summing
all item scores yields an overall score, and a
higher score denotes worse cognitive impair-
ment [15, 16].

The prospective and retrospective memory
questionnaire (PRMQ) evaluates memory fail-
ures in daily life with a 4-point scale, with 1-4
points representing never, occasionally, often,
and always [17]. It consists of 16 self-reported
items that separately evaluate prospective
memory (PM) and retrospective memory (RM).
A higher scores indicates more severe memory
impairment.

The QOL scale is a reliable and effective scale
to measure patients’ health-related QOL. It
mainly evaluates their physical, social/family,
emotional and functional conditions and in-
cludes 27 items to be answered and 9 attach-
ment concerns. The physical and emotional
areas are scored on a scale of 1 to 5, repre-
senting never, a little, some, comparable, and
very; the social/family and functional areas are
scored on opposite scales. All of the scores are
summed for a final total score. Higher scores
predict poorer QOL.

Cytokine measurements

A 2-mL blood sample was drawn from each
patient and placed in an ethylene diamine tet-
raacetic acid (EDTA) tube. All samples were cen-
trifuged for 10 minutes at speeds of 2500 RPM
and 4000 RPM. Finally, the plasma part of the
blood sample was separated after centrifuga-
tion. At least 600 pL of each sample was re-
served for use and stored aseptically at -80°C
until analysis. Three plasma cytokines (IL-1(,
TNF-, and IL-4) were detected by enzyme-
linked immunosorbent assays (ELISAs).

Study procedure

We selected 190 patients with BC before
(before chemotherapy group, BCG, n = 68) and
after (after chemotherapy group, ACG, n = 122)
chemotherapy; blood samples were collected,
and neuropsychological tests were performed
on all subjects. All participants in the ACG had
received 4-6 cycles of chemotherapy based on
taxanes and anthracyclines, and there were no
intolerable side effects. According to the MMSE
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score, the ACG was further divided into two
additional groups: a cognitive impairment
group (CIG, n = 44; MMSE score <26) and a
cognitive normal group (CNG, n = 78; MMSE
score >27).

Statistical analyses

All statistical analyses were performed using
the Statistical Package for Social Sciences
(SPSS) version 23. An independent samples
nonparametric test was used to analyze the dif-
ferences in cytokine levels between groups.
The questionnaire scores were compared be-
tween groups using an independent samples
Student’s t-test. In addition, the chi-square test
was used to analyze qualitative data, such as
pathological type and tumor stage. All assays
were two-tailed with the significance level set to
0.05.

Results

Demographic characteristics and clinical
information

There were no significant differences between
the groups in age, education, karnofsky perfor-
mance status (KPS) score, pathological pattern
or tumor stage (P>0.05), as shown in Table 1.

Neuropsychological and QOL assessments
between groups

The scale scores, including the MMSE (t =
10.12, P<0.01), RM (t = -10.25, P<0.01), PM (t
= -11.26, P<0.01), FACT-Cog (t = -13.91,
P<0.01) and QOL (t = -14.06, P<0.01) scores,
were significantly different between the BCG
and ACG, as shown in Table 2.

Compared to the BCG, the CNG showed no sig-
nificant differences in the MMSE (t = -0.51,
P>0.05), RM (t = 1.30, P>0.05), PM (t = 0.12,
P>0.05), FACT-Cog (t = -0.75, P>0.05) and QOL
(t = -1.53, P>0.05) scores. In contrast, there
were significant differences in the MMSE (t =
16.03, P<0.01), RM (t = -23.69, P<0.01), PM (t
= -23.74, P<0.01), FACT-Cog (t = -46.09, P<
0.01), and QOL (t = -46.67, P<0.01) scores
between the BCG and CIG, as shown in Table 3.

Cytokines and cognition

The levels of IL-1B (Z = -3.089, P<0.05), TNF-&
(Z = -2.458, P<0.05) and I-4 (Z = -1.987,
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Table 1. Comparison of the demographic characteristics and clinical information of the patients (N =

190)
ACG (n = 122)
BCG (n = 68) t/x? P
CNG (n = 44) CIG (n=78)
Age (years) 51.55+7.69 50.44+6.85 1.030 0.304
50.15+7.15 50.60+6.71 -0.342 0.733
Education (years) 8.67+2.07 8.84+2.13 -0.524 0.601
8.77+2.11 8.88+2.16 -0.277 0.782
KPS 87.20+4.52 87.78+4.16 -0.893 0.373
87.50+4.38 87.94+4.06 -0.569 0.570
menstruation
premenopausal 30 44 1.191 0.275
18 26 3.173 0.075
menopausal 38 78
45 33
Pathological pattern (cases)
Infiltrative non-specific cancer 34 58 0.106 0.745
21 37 0.001 0.975
Invasive ductal carcinoma 34 64
23 41
Stage (cases)
| 10 14 0.556 0.757
5 9 0.073 0.964
Il 34 60
21 39
1 24 48
18 30

Notes: Data are presented as the mean + SD. Abbreviations: SD, standard deviation; KPS, karnofsky performance status; BCG,
before chemotherapy group; ACG, after chemotherapy group; CNG, cognitive normal group; CIG, cognitive impairment group.

Table 2. Neuropsychological tests and memory
performance in the BCG and ACG

Items BCG (n =68) ACG (n=122) t P

MMSE 27.82+1.14 23.81+4.09 10.12 0.000
RM 10.33+2.04 15.22+4.48 -10.25 0.000
PM 10.36+£2.01 16.37+5.24 -11.26 0.000

FACT-Cog 37.27+3.95 65.31+21.62 -13.91 0.000
QOL 44.73+6.36 74.81+22.02 -14.06 0.000

Notes: Data are presented as the mean + SD. Abbreviations:
SD, standard deviation; MMSE, mini-mental state examina-
tion; RM, retrospective memory; PM, prospective memory;
FACT-Cog, functional assessment of cancer therapy-cognitive
Function; QOL, quality of life; BCG, before chemotherapy
group; ACG, after chemotherapy group.

P<0.05) were significantly increased in the ACG
compared to the BCG, as shown in Table 4 and
Figure 1.

A comparison of the CNG and CIG showed that
IL-1B (Z = -4.353, P<0.05), TNF-a (Z = -3.383,

3049

P<0.05) and I-4 (Z = -2.522, P<0.05) levels
were increased in the CIG, as shown in Table 5
and Figure 1.

There were no significant differences in IL-1B (Z
=-0.515, P>0.05), TNF-a (Z = -0.256, P>0.05)
and IL-4 (Z =-0.185, P>0.05) levels in the CNG
compared to the BCG. In contrast, there were
significant differences in IL-1B (Z = -4.743,
P<0.01), TNF-a (Z =-3.672, P<0.01) and IL-4 (Z
=-2.954, P<0.01) levels between the BCG and
CIG, as shown in Table 6 and Figure 1.

Correlations

Significant negative correlations were observed
between cognition and cytokine levels, includ-
ing IL-1 (r =-0.681; P<0.05), TNF-& (r =-0.572;
P<0.05) and IL-4 (r = -0.626; P<0.05) (Figure
2). In addition, QOL was correlated with cogni-
tion, as measured by the MMSE (r = -0.779;
P<0.05), RM (r = 0.852; P<0.05), PM (r = 0.847;
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Table 3. Neuropsychological tests and memory performance in
the BCG, CNG and CIG

CNG (n = 44)

Iltems BCG (n = 68) CIG (n = 78) t P
MMSE 27.82+1.14 27.93+0.99 -0.51 0.609
21.48+3.26 16.03 0.000
RM 10.33+2.04 9.84+1.82 1.30 0.194
18.25+1.98 -23.69 0.000
PM 10.36+£2.01 10.31+2.19 0.12 0.903
19.79+2.76 -23.74 0.000
FACT-Cog 37.27+3.95 37.86+4.09 -0.75 0.453
80.80+7.18 -46.09 0.000
QoL 44.73+6.36 46.50+5.21 -1.53 0.128
90.78+5.55 -46.67 0.000

Notes: Data are presented as the mean + SD. Abbreviations: SD, standard
deviation; MMSE, mini-mental state examination; RM, retrospective memory;
PM, prospective memory; FACT-Cog, functional assessment of cancer therapy-
cognitive Function; QOL, quality of life; BCG, before chemotherapy group; CNG,
cognitive normal group; CIG, cognitive impairment group.

Table 4. Comparison of cytokine levels (IL-13, TNF-a, and IL-4) in
the BCG and ACG

Cytokine levels (pg/mL) BCG (n =68) ACG (n=122) Z P

IL-1B 45.04 (13.51) 52.22(17.84) -3.089 0.002
TNF-o 47.85 (21.50) 53.97 (21.40) -2.458 0.014
-4 30.96 (17.88) 34.87 (16.21) -1.987 0.047

Notes: Data are presented as medians (interquartile). Abbreviations: BCG,
before chemotherapy group; ACG, after chemotherapy group.

P<0.05), and FACT-Cog (r = 0.936; P<0.05) val-
ues (Figure 3).

but no systematic study on this
aspect has been conducted.
This study aims to fill the gap in
the previous literature.

Higher levels of IL-13 and TNF-a
result in poorer cognition. In
patients with traumatic brain
injury, high levels of IL-13 were
associated with a 2-fold incr-
eased risk of cognitive decline
compared to those with normal
IL-18 levels [24]. Excessive IL-13
increases the neuroinflammato-
ry response by activating the
NLRP3 inflammasome produced
by microglia, eventually leading
to increased neuronal cell death
and cognitive impairment [25]. A
mouse model of mild traumatic
brain injury (mTBI) was used to
show that TNF-a is a key regula-
tor of a cascade leading to neu-
ron loss and cognitive impair-
ment. According to the signaling
pathways, TNF-a exacerbates
trauma and oxidative stress in
the brain, leading to glutamate
release and BBB dysfunction,
which further facilitates the
transport of large amounts of
inflammatory cytokines from the

blood into the brain [26, 27]. In mice injected
with doxorubicin, excessive production of TNF-

o, which caused damage to working memory

Discussion

through reactive oxygen species and nitrogen,

oxidative stress and mitochondrial damage,

The present results indicated changes in cyto-
kine levels and cognition in BC patients after
chemotherapy, and correlations were found
between the cytokine levels (IL-13, TNF-a and
IL-4) and CRCI. The relationship between cyto-
kines and cognitive-related diseases, such as [27].
Alzheimer’s disease and dementia, has been
widely reported in previous studies [18-20].

was detected in peripheral blood and brain tis-
sues, mainly including the hippocampus and
cortex [28]. TNF-a synergistically enhances
IL-13 toxicity, and these inflammatory cytokines
regulate and induce neuronal inflammation

It is worth noting that previous studies on IL-4

have suggested that it has some protective

CRCI objectively exists in BC patients, and the
importance of research on this topic is undeni-
able. Studies on its possible mechanisms,
including brain functional imaging [21], electro-
encephalography [22], and gene polymorphism
[23] studies, are common, but studies on the
relationship of CRCI with cytokines remain rare.
The correlation between cytokine levels and
CRCI has been reported in previous studies,

effects on cognition, which contradicts our
study. For instance, IL-4 has been shown to play
a beneficial role in the ageing hippocampus,
particularly in promoting neuroplasticity and
counteracting age-related pro-inflammatory re-
sponses [29]. IL-4 antagonized the effects of
harmful pro-inflammatory cytokines on astro-
cytes and neurons [30]. The following reasons
were mainly considered to contribute to the
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Figure 1. Comparison of cytokine levels between groups. All samples were centrifuged for 10 minutes at speeds of
2500 RPM and 4000 RPM, and the plasma part of the blood sample was separated after centrifugation. The cyto-
kine levels of all samples were determined by ELISAs, and the data are expressed in pg/mL. Significant differences
in cytokine levels were observed between the BCG (n = 68) and ACG (n = 122), CNG (n = 44) and CIG (n = 78), and
BCG (n = 68) and CIG (n = 78), P<0.05. There were no significant differences in cytokine levels between the BCG (n
=68) and CNG (n = 44), P>0.05.

Table 5. Comparison of cytokine levels (IL-13, TNF-a, and IL-4) in

the CNG and CIG

Cytokine levels (pg/mL)

CNG (n = 44)

CIG (n=78)

z

P

IL-1B
TNF-a
-4

43.57 (14.57) 55.84 (16.96) -4.353 0.000
47.08 (22.41) 56.76 (22.23) -3.383 0.001
30.69 (21.36) 36.28 (15.41) -2.522 0.012

Notes: Data are presented as medians (interquartile). Abbreviations: CNG,

cognitive normal group; CIG, cognitive impairment group.

inconsistent results of our study and previous
reports. The time node of the change in cyto-
Kine levels caused by chemotherapy was differ-
ent, and the timing of blood sample extraction
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directly affects the levels of cyto-
kines. The effects of various
cytokines on cognition were dif-
ferent among individuals.

Although CRCI has been exten-
sively studied, the exact mecha-
nism of its occurrence and devel-
opment has not been explained
in the scientific literature. Pre-

vious studies have focused on direct cytotoxic-

ity and

related

infammatory mechanisms.

Many chemotherapeutic drugs, such as alkylat-
ing agents and antibiotics, achieve their anti-
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Table 6. Comparison of cytokine levels (IL-13, TNF-«, and IL-4) in the BCG, CNG and CIG

CNG (n = 44)

Cytokine levels (pg/mL) BCG (n = 68) CIG (n = 78) Z P
IL-1B 45.04 (13.51) 43.57 (14.57) -0.515 0.606
55.84 (16.96) -4.743 0.000
TNF-o 47.85 (21.50) 47.08 (22.41) -0.256 0.798
56.76 (22.23) -3.672 0.000
IL-4 30.96 (17.88) 30.69 (21.36) -0.185 0.853
36.28 (15.41) -2.954 0.003

Notes: Data are presented as medians (interquartile). Abbreviations: BCG, before chemotherapy group; CNG, cognitive normal

group; CIG, cognitive impairment group.
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tumor effects mainly by destroying the DNA of
cancer cells and eventually inducing apoptosis
[31]. Meanwhile, chemotherapy is often accom-
panied by oxidative stress and reactive oxygen
species/reactive nitrogen species production,
which further aggravates DNA damage in tis-
sues. In addition, defects in the OGG1 and
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Figure 2. Correlations between cognition and
cytokine levels. The MMSE score was used as
the basis for cognitive assessment, and a cor-
relation was observed between MMSE scores
and cytokine levels, including IL-1 (r = -0.681),
TNF-a (r =-0.572) and IL-4 (r = -0.626).

APEX1 genes that protect DNA from oxidative
damage may increase the risk of cognitive
impairment due to neuron loss before and after
chemotherapy [3, 32, 33].

Accelerated shortening of telomere length after
chemotherapy is another possible mechanism
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Figure 3. Correlations between cognition and QOL. Correlations were found between QOL and cognition, as mea-
sured by the MMSE (r = -0.790), RM (r = 0.852), PM (r = 0.847), and FACT-Cog (r = 0.937).

of CRCI. A telomere is a region with a repeated
nucleotide sequence at the end of chromo-
somes that is gradually shortened with the rep-
lication of DNA. When its length reaches a cer-
tain critical value, it can cause ageing and ap-
optosis [34]. Genetic variation, oxidative stress
and chemotherapy are the main factors that
affect the speed of telomere shortening [12].
Unlike most nerve cells with regard to mitosis,
glial cells remain mitotic and are susceptible to
telomere length. Chemotherapy has long-term
effects on cognitive function by accelerating
the ageing process [35].

As a physical and metabolic barrier, the BBB
can restrict the transportation between blood
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and nerve tissue, effectively maintain the sta-
bility of the physiological environment of brain
tissue, and protect it from harmful substances
in circulating blood [36]. However, certain che-
motherapy drugs, such as BCNU, paclitaxel,
and 5-fluorouracil, can directly or indirectly da-
mage BBB integrity, making it easier for periph-
eral toxins and inflammatory mediators to enter
the brain, ultimately leading to the death of
local neurons associated with cognition [37,
38].

Cytokines, stimulated by cancer and chemo-
therapy, enter brain tissue by means of active
transport through the integrity-impaired BBB,
causing a local immune response and enhanc-
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ing oxidative stress and mitochondrial dam-
age[39]. In addition to nitric oxide and reactive
oxygen species, microglia can also produce
pro-inflammatory cytokines [40]. Microglia,
activated by surrounding inflammation, pro-
duce chemokines that attract monocytes to the
brain and further produce pro-inflammatory
cytokines. Excessive inflammatory cytokines in
the brain increase neurotoxic metabolites that
affect the brain through the kynurenine path-
way or by direct neurotoxic effects in specific
brain regions [41]. Moreover, cytokines may
perpetuate this cognitive impairment by caus-
ing somatic epigenetic changes [42]. After a
careful study of various candidate mechanisms
of CRCI in recent years, CRCI was found to be
not necessarily caused by a single element but
is probably the result of multiple correlated and
interacting factors. This paper focuses on the
possible correlation between cytokines and
CRCI.

In addition, evaluation of the QOL of the BC
patients was also one of the highlights of this
study. The QOL of patients with cognitive impair-
ment after chemotherapy was significantly
lower than that of those with normal cognition.
Indeed, a previous study has reported that a
better cognitive reserve was significantly asso-
ciated with a higher QOL, with a B coefficient
ranging from 0.16 to 0.21 [43]. This result high-
lights the need for CRCI research.

One major limitation of the study was the low
number of BC patients included in the study.
Moreover, this study was only a cross-sectional
study, and a long-term follow-up study should
be conducted in the future. Thus, subsequent
studies on this aspect can appropriately in-
crease the sample size and improve the credi-
bility of the experiment. In addition, it remains
to be determined whether cognitive decline will
continue over a longer period of time and
whether there are differences in the status and
meaningful pace of cognitive recovery among
different age groups.

Conclusion

Overall, our preliminary study not only shows
changes in cytokines and cognition after che-
motherapy but also reveals the correlation
between cytokines and cognition. In addition,
the impact of CRCI on QOL in BC patients
should not be ignored. According to the above
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results, future studies should focus more on
cytokine levels in the prevention and treatment
of CRCI to provide a theoretical basis for clinical
practice.
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