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Abstract: To investigate the changes in cytokine (interleukin 1 beta (IL-1B), tumor necrosis factor alpha (TNF-o) and
interleukin 4 (IL-4)) levels and cognitive function before and after managing cancer and living meaningfully (CALM)
intervention, in early-stage breast cancer patients with chemotherapy-related cognitive impairment (CRCI). One
hundred and twenty-eight breast cancer patients with CRCI enrolled in this study, there are fifty patients underwent
with 6 CALM interventions and seventy-eight patient care as usual (CAU). Cytokine (IL-13, TNF-a and IL-4) levels
in the patients were assessed, and the patients were evaluated with the Mini-Mental State Examination (MMSE),
Prospective Memory (PM) and Retrospective Memory (RM), and Quality-of-life (QOL) and Psychological Distress
Thermometer (DT) assessments before CALM intervention (BCM), after CALM intervention (ACM) and care of usual
(CAU). Measures at these two time points and two groups were compared. There were significant differences in the
performance on the RM, PM, MMSE, QOL and DT measures after, compared to before (t=8.126, t=8.007, t=-10.789,
1=9.236, t=17.649, respectively; P<0.05), the CALM intervention, compared to CAU (t=-7.408, t=-7.300, t=8.128,
t=-8.851, t=-10.572, respectively; P<0.05). In addition, cytokine levels, including IL-13, TNF-& and IL-4, were signifi-
cantly different before and after the CALM intervention (t=5.073, t=4.228, t=5.815, respectively; P<0.05) and the
two groups (ACM vs CAU) were distinctly different (t=-3.353, t=-2.694, t=-3.268, respectively; P<0.05). furthermore,
the cytokine levels (IL-13, TNF-ac and IL-4) have linear correlation with cognitive function before and after CALM inter-
vention (r=-0.343/r=0.538, r=-0.375/r=-0.330, r=-0.310/r=-0.541, respectively; P<0.05). The present results indi-
cated that CALM intervention could alleviate CRCI and that this process is accompanied by changes in IL-13, TNF-
and IL-4 levels. These results further confirm that cytokines may be involved in CRCI and that CALM may become an
efficient method to relieve CRCl-related symptoms in breast cancer patients.
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Introduction

Female breast cancer has become the most
commonly diagnosed cancer (11.7%) and the
fifth leading cause of cancer-related death
(6.9%) in worldwide [1]. Pertinently, the number
of new breast cancer cases had increased from
0.3 million in 2015 to 0.42 million in 2020;
therefore, breast cancer was estimated to be
the fourth most common form of cancer in
China [2]. In terms of breast cancer mortality in
China, the number of cancer-related deaths
increased from 70000 in 2015 to 117000 in
2020. During these years, China added
112000 breast cancer cases and 47000 can-

cer-related deaths in the population, account-
ing for 18.41% of global breast cancer cases
and 17.11% of related deaths [2]. From 2012 to
2016, the incidence rate of breast cancer
increased each year by approximately 0.3%.
In contrast, the associated mortality rate
decreased yearly. The total mortality rate
decreased by approximately 40% from 1989 to
2017; this decrease corresponded to a reduc-
tion of 375900 deaths among breast cancer
patients [3]. Pertinently, chemotherapy is one
of the most important treatments for breast
cancer. With the continuous updates to chemo-
therapy drugs and protocols, the 5-year survival
rate of early breast cancer patients has
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approached 90% [4], which has made people
pay increasing attention to the side effects of
these treatments. In addition to the common
clinical side effects, such as nausea and vomit-
ing, bone marrow suppression, and hair loss,
the impact of chemotherapy on cognitive
function is receiving increasing attention
internationally.

Chemotherapy-related cognitive impairment
(CRCI) refers to impairment in cognitive func-
tions, such as memory, attention, information
processing speed, executive function and visu-
al space function, during or after chemothe-
rapy in patients with malignant tumors [5]. It is
estimated that approximately 35% to 70% of
breast cancer patients develop CRCI after che-
motherapy [4], which keeps survivors from
being able to return to their precancer life even
after treatment. Hence, this change has a con-
siderable impact on their daily work and life
and greatly reduces their quality of life (QOL).
These are shortterm symptoms in most
patients but they can last months to years in
approximately 35% of patients [6]. Although
the symptoms of CRCI may be severe and per-
sistent, there are usually no significant neuro-
pathologic changes that occur in tandem.
Standard neuroimaging does not show signifi-
cant changes in patients, while more advanced
imaging techniques reveal subtle changes in
hippocampal volume and white matter struc-
ture [7]. Doxorubicin, a commonly used chemo-
therapy drug for breast cancer, can impair
learning and memory in rodents; moreover,
the scores on cognitive scales and the visuo-
spatial skills of patients treated with doxorubi-
cin are poor [8]. In breast cancer patients who
underwent cyclophosphamide, methotrexate,
and fluorouracil chemotherapy, cognitive test-
ing revealed that patients’ rapid-onset and
delayed speech memory, processing speed,
executive function, and speed of mental move-
ment were significantly lower than those in con-
trols. This phenomenon persisted even 20
years after the end of treatment [9]. In addition
to chemotherapy, cancer itself can cause cog-
nitive impairment. Unlike cognitive impairment
caused by cancer, a defining feature of CRCl is
the presence of associated symptoms after
chemotherapy and a causal relationship
between the symptoms and chemotherapy
[10].
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Research on CRCI has been extensive in recent
years, but the exact mechanisms of CRCI
remain unclear. However, several potential
mechanisms of CRCI have been reported in the
literature. (1) Changes in dendritic structures
caused by chemotherapy have been related to
impaired spatial memory [11]. (2) Free radical
oxidative stress is not only a marker of aging
and neurodegeneration but also a possible
mechanism of CRCI. Reactive oxygen species
generated by oxidative stress mainly regulate
the viability and differentiation of neurons and
glial cells, thus initiating and maintaining brain
damage [12]. In animal models, rats treated
with cisplatin can develop dendritic structures,
exhibit mitochondrial activity, and sustain DNA
damage that increase oxidative stress in the
hippocampus [3]. (3) As a physical and meta-
bolic barrier, the blood-brain barrier (BBB) can
restrict transportation between peripheral
blood and the central nervous system, effec-
tively maintain the stability of the brain tissue
physiological environment, and protect brain
tissue from harmful substances circulating in
the blood. Most chemotherapeutic drugs can-
not pass through the BBB due to their large
molecular weight, preventing them from di-
rectly damage the central nervous system.
However, certain chemotherapeutics, such as
paclitaxel and 5-fluorouracil, can directly or
indirectly damage the integrity of the BBB,
thereby making it easier for peripheral toxic
substances and inflammatory mediators to
enter the brain tissue, eventually leading to
the death of local neurons related to cognition
[13]. (4) In addition, polymorphic expression of
apolipoprotein E (APOE) and catechol-O-meth-
yltransferase (COMT) increases the risk of cog-
nitive impairment in cancer patients [14]. In
patients with breast cancer and lymphoma
undergoing chemotherapy, carriers of the APOE
E4 allele are more likely to have impaired visual
memory, spatial ability, and psychomotor func-
tion [14, 15]. Breast cancer survivors with
COMT Val alleles are more vulnerable to di-
sruptions in attention, speech fluency, and
speed of movement [15]. (5) Inflammation is
thought to play an important role in long-term
cognitive impairment; also, a strong correlation
between markers of inflammation and cogni-
tive performance has been observed in breast
cancer survivors even 20 years after they com-
pleted chemotherapy [16]. In addition to regu-
lating inflammation, cytokines can affect the
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central nervous system by regulating neurons
and glial cells, neuron regeneration and neuro-
degeneration, and cholinergic and dopaminer-
gic pathways [17]. Furthermore, it has been
speculated that cytokines may be related to
cognition. Cytokines cause local inflammatory
responses in the hippocampus and cytokine
receptor-rich brain tissue through oxidation
and nitrosation [18]. These reactions lead to
decreased memory, attention, processing
speed, and reaction speed. It has been report-
ed in the literature that cytokines can actively
penetrate the BBB in the area around the ven-
tricle. Cytokines can bind to endothelial recep-
tors in the cerebrovascular system and stimu-
late the release of a variety of inflammatory
mediators, such as cell adhesion molecules,
chemokines, nitric oxide, and prostaglandins.
These mediators further destroy the integrity of
the BBB and exert a significant effect on the
brain, causing structural damage [18]. This arti-
cle mainly explored the correlations between
CRCI and cytokine levels.

Although a large number of studies in recent
years have found that CRCI is widespread
and has certain clinical characteristics, and
though research on its mechanism has also
made certain progress, it is still unclear how to
provide appropriate treatment for patients
with CRCI. Cancer managing and living mean-
ingfully (CALM) is a structured short-term,
spiritually purifying, supportive-expressive psy-
chosocial intervention that can provide sub-
stantial psychological benefits, particularly a
reduction in depression and decreased death
or dying anxiety [19, 20]. CALM was invented by
Gray Rodin and was designed to prevent psy-
chological disorders and increase well-being.
In previous studies, CALM was found to
decrease anxiety and depression and increase
meaning in life [21]. The CALM model is a
combination of behavioral psychology and cog-
nitive psychology and has a positive effect on
the treatment of psychological disorders and
improvement of chemotherapy-related cogni-
tive impairment (CRCI) [22].

To date, CALM has been widely used for anxiety
and depression symptoms, but there are few
reports about the efficacy of CALM interven-
tions on patients with CRCI. The mechanisms
of cytokine changes involved in CALM interven-
tion remain unclear. Therefore, we investigated
128 breast cancer patients with CRCI following
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chemotherapy, there were 50 patients under-
going a 6-week CALM intervention. All partici-
pants were administered a series of neuropsy-
chological tests, and the levels of interleukin 1
beta (IL-1B), tumor necrosis factor alpha (TNF-
o) and IL-4 were assessed.

Materials and methods
Participants

Atotal of 128 breast cancer patients with CRCI-
related symptoms after chemotherapy were
enrolled in this study in XXXX from August 2019
to June 2021. The study was approved by the
Research Ethics Committee of XXXX, and all
the subjects provided informed consent.

The inclusion criteria were as follows: (1) patho-
logically confirmed nonmetastatic breast can-
cer (stages I-lll); (2) sufficient baseline bone
marrow and organ function reserve-specifi-
cally, an absolute neutrophil count > 1500/
mm?2, a platelet count > 100000/mm?3 and a
hemoglobin concentration > 8 g/dl; serum
muscle enzyme levels < 1.5 times the normal
upper limit; aspartate aminotransferase and
alanine aminotransferase levels < 2.5 times
the normal upper limit; bilirubin levels < 1.5
times the normal upper limit; and left ven-
tricular ejection fraction (LVEF) > 50%; (3) indi-
cation of CRCI after neuropsychological ques-
tionnaire; and (4) education of elementary
school level and above and capability to inde-
pendently complete the relevant neuropsycho-
logical tests. The exclusion criteria were as fol-
lows: (1) combination of other serious diseases
that would not allow full participation in this
study; (2) previous mental illness or inability to
accurately express inner thoughts; (3) severe
anxiety, depression and other abnormal
emotions; and (4) complement or acceptance
other psychotherapy or psychiatric consulting
previously.

Neuropsychological tests

The Mini-Mental State Examination (MMSE) pri-
marily measures general cognition, including
memory, orientation in time and place, working
memory, visuospatial skills, object naming,
writing, reading, and complex motor opera-
tions, with an overall score ranging from 1 to
30, with higher scores indicating better cogni-
tion. A score of 26 or less on the MMSE is con-
sidered to indicate cognitive impairment, while
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Table 1. The demographic characteristics and clinical information of the patients

. CALM (n=50) CAU (n=78)
Variables X/t P
No. % Mean SD No. % Mean SD
Age 50 52.04 855 78 50.60 6.72 1.06 0.29
20-39 years old 6 12 3 3.8
40-59 years old 36 72 65 83.3
> 60 years old 8 16 10 12.8
Education 50 78 0.11 0.99
Primary school 22 44 35 44.8
Secondary school 26 52 39 50
Technical school 1 2 2 2.6
University 1 2 2 2.6
KPS 50 86.20 5.68 78 879 4.06 -1.89 0.06
70-80 17 34 16 20.5
81-90 33 66 62 79.5
Surgery 50 78 2.25 0.33
Mastectomy 41 82 68 87.2
Lumpectomy 2 4 5 6.4
No surgery 7 14 5 6.4
Tumor size 50 78 412 0.13
<2cm 8 16 25 321
2-5cm 33 66 41 52.6
>5cm 9 18 12 15.4
Type of cancer 50 78 5.77 0.06
Infiltrative 26 52 37 47.4
Invasive ductal 18 36 39 50
Other 6 12 2 2.6
HER-2 50 78 0.04 0.84
HER-2 (+) 39 78 62 79.5
HER-2 (-) 11 22 16 20.5

Note: KPS, Karnofsky performance status.

scores of 27 to 30 are considered to be in the
normal range.

The Prospective and Retrospective Memory
Questionnaire (PRMQ) evaluates memory fail-
ures in daily life with a 4-point scale, on which
points 1-4 represent never, occasionally, often,
and always, respectively. The PRMQ consists
of 16 self-reported items that separately evalu-
ate prospective memory (PM) and retrospec-
tive memory (RM). The higher the scores are,
the more severe the memory impairments are.

The QOL scale is a reliable and effective scale
to measure patients’ health-related QOL. It
mainly evaluates their physical condition,
social/family condition, emotional condition
and functional condition and includes 27 items
to be answered and 9 additional concerns. The
physical and emotional areas are scored on a
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scale of 1 to 5, representing never, a little,
some, comparable, and very, respectively; the
social/family and functional areas are scored
on an opposite scale. All the scores are added
up for a final total score. Higher scores indicate
poorer QOL.

The psychological distress thermometer (DT)
scale is similar to a normal thermometer, with
an overall score of 1-10. Scores of 1 to 10 rep-
resent the range from no DT to extreme DT. The
subjects rated themselves based on their
assessment of their DT over the previous week.
The higher the score was, the more severe the
DT was.

Cytokine measurements

A 2-ml blood sample was drawn from each
patient and placed in ethylenediaminetetraace-
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Eligible women (n =250) diagnosed with breast
cancer ,have completed sequential chemotherapy,
with /without endocrine therapy/radiotherapy

Exclusion of unsuitable patients.

16 patients were excluded for the following reasons: a) combination

g of other serious diseases that does not allow full participation with
Have no interest o ) e I S X
this study: b) previous mental illness or inability to accurately
(n=48)

express inner thoughts: (¢) severe anxiety, depression and other
abnormal emotions are ongoing; and(d) complement or acceptance

other psychotherapy or psychiatric consulting.

blood samples

Baseline(n=186): questionaires

Exclusion of irrelevant patients.
44 patients were excluded for the following
reason: MMSE=27 (who has no cognitive
impairments )

V2

'
Underwent CALM
intervention at least 1 time
(n=64)

care as usual group (n=78)

Dropout(n=14)

12 weeks(n=50):through 6
CALM intervention sessions

Figure 1. Flowchart of the study design, including the overall changes in participants.

Table 2. Comparison of PRMQ, MMSE, QOL and
PD questionnaire scores before and after CALM
intervention

Iltems BCM (n=50) ACM (n=50) t P

RM 18.00+2.61 15.30+2.51 8.126 0.000
PM 19.12+3.40 15.88+3.24 8.007 0.000
MMSE 21.92+2.90 26.30+3.27 -10.789 0.000
QOL  88.86+7.38 78.54+10.07 9.236 0.000
DT 4.74+1.26  2.56+1.15 17.649 0.000

tic acid (EDTA) tubes. All samples were centri-
fuged for 10 minutes at speeds of 2500 RPM
and 4000 RPM. Finally, the plasma part of the
blood sample was separated by centrifugation.
At least 600 ul of each sample was reserved for
use and stored aseptically at -80°C until
analysis.

Study procedure
The experimental design was evaluated by

experts in the research field to ensure that the
experiment was feasible, practical and scientif-
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ic. In this study, a total of 50 breast cancer
patients were enrolled for 12 weeks, with a
session once every two weeks for a total of 6
CALM interventions. The whole process was
carried out in a quiet and comfortable environ-
ment, with soothing music as the background,
and lasted approximately 30 to 60 minutes
each time. These sessions involved communi-
cation with patients, popularizing knowledge
related to breast cancer, changing patients’
incorrect perceptions of breast cancer, reliev-
ing anxiety, making patients confident in their
treatment regimen, helping patients achieve
physical and mental relaxation, and encourag-
ing patients to communicate with friends and
relatives and integrate into society. In addition,
the PM, RM, MMSE, QOL and DT scales were
completed during the process. At baseline and
after the last CALM intervention, IL-13, TNF-a
and IL-4 levels were detected.

78 breast cancer patients in CAU group
received the normal health care, without receiv-
ing CALM intervention or other psychotherapy
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Table 3. Comparison of PRMQ, MMSE, QOL and PD questionnaire scores before and after CALM inter-

vention with CAU group

CALM (n=50)
ltems CAU (n=78) t P-value! t P-value?
BCM ACM
RM 18.00+2.61 15.30+2.51 18.26+1.98  -0.630 0.530 -7.408 0.000
PM 19.12+3.40 15.88+3.24 19.794+2.77 -0.176 0.243 -7.300 0.000
MMSE 21.92+2.90 26.30+3.27 21.49+3.27 0.784 0.435 8.128 0.000
QOL 88.86+7.38 78.54+10.07 90.78+5.55 -1.578 0.118 -8.851 0.000
DT 4.74+1.26 2.56+1.15 4.79+1.20 -0.245 0.807 -10.572 0.000

Data are presented as the mean + SD. Abbreviations: SD, standard deviation; MMSE, Mini-Mental State Examination; RM,
retrospective memory; PM, prospective memory; QOL, quality of life; DT, psychological distress thermometer; BCM, before
CALM; ACM, after CALM. *Change (P-value) between groups (comparison of BCM vs CAU). 2Change (P-value) between groups

(comparison of ACM vs CAU).
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Figure 2. Study data histogram comparison questionnaire scores. A. Com-
parison questionnaire scores between CAU group and after CALM interven-
tion. B. Comparison questionnaire scores before and after CALM interven-
tion. Note: ***, P<0.001.

and the cytokine levels (IL-1[,
TNF-a and IL-4) were tested at
baseline.

Statistical analysis

All statistical analyses in this
study were performed using
the Statistical Package for
Social Sciences (SPSS) ver-
sion 23. The baseline data
were analyzed in independent
sample t test or Chi-square
test. Paired sample t tests
were used to compare the
cytokine levels and scale
scores before and after the
CALM intervention. Independ-
ent sample t test were used
to compare cytokine levels
and scale scores between
CAU group and CALM (after
the CALM intervention) group.
All tests were two-tailed with
the significance level set to
0.05.

Results

Baseline demographics and
clinical data

The baseline data of the
50 breast cancer patients
accepted CALM and 78 brea-
st cancer patients in CAU
included in this study we-
re age (52.04+8.55 years/
50.60+6.72 years), and Kar-

or psychiatric consulting. The questionnaires nofsky performance status (KPS) (86.20+5.68
including PM, RM, MMSE, QOL and DT scales scores/87.9+4.06 scores) that were proved to
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Table 4. Comparison of IL-103, TNF-a and IL-4
levels before and after CALM intervention

ltems BCM (n=50) ACM (n=50) t P

IL1B  63.48+27.96 45.93+15.46 5.073 0.000
TNF-a 65.51+27.42 50.12+16.80 4.228 0.000
14 42.73+£19.99 29.38+11.50 5.815 0.000

have no statistical difference (t=1.06, t=0.11,
respectively; P>0.05). The data are expressed
as the mean % standard deviation. The two
groups had the same education background.
Surgical procedure, tumor size, pathological
type of cancer, the expression of human epider-
mal growth factor receptor (Her-2) in CALM
group and CAU group had no statistical differ-
ence (P>0.05). All subjects had undergone che-
motherapy based on taxanes and anthracy-
clines, as shown in Table 1 and Figure 1.

Neuropsychological assessments before and
after CALM intervention and in CAU

Before and after CALM intervention, the scale
scores, including RM (18.00+2.61/15.30+
2.51, respectively), PM (19.12+3.40/15.88+
3.24, respectively), MMSE (21.92+2.90/
26.30+3.27, respectively), QOL (88.86+7.38/
78.54+10.07, respectively) and DT (4.74+
1.26/2.56+1.15, respectively) were signifi-
cantly different (t=8.126, t=8.007, t=-10.789,
1=9.236, t=17.649, respectively; P<0.05). The
scores of RM (18.26+1.98), PM (19.79+2.77),
MMSE (21.49+3.27), QOL (90.78+5.55), and
DT (4.79+1.20) in CAU group had no stati-
stical difference compared to before CALM
intervention (t=-0.630, t=-0.176, t=0.784,
1=-1.578, t=-0.245, respectively; P>0.05), but
being significantly different from the scores
after CALM intervention (t=-7.408, t=-7.300,
1=8.128, t=-8.851, t=-10.572, respectively;
P<0.05), as showed in Tables 2, 3 and Figure 2.

Cytokine levels before and after CALM inter-
vention and in CAU

Before and after CALM intervention, levels
of the cytokines IL-1B (63.48+27.96/45.93+
15.46, respectively), TNF-a (65.51+27.42/
50.12+16.80, respectively) and IL-4 (42.73+
19.99/29.38+11.50, respectively) were signifi-
cantly different (t=5.073, t=4.228, t=5.815,
respectively; P<0.05). The levels of the cyto-
kines IL-1B (63.63+35.19), TNF-a (64.45+
35.08) and IL-4 (41.68+24.94) in CAU group
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had no difference with the levels before CALM
intervention (t=-0.270, t=0.191, t=0.261,
respectively; P>0.05), were significantly differ-
ent compared to ACM (after CALM interven-
tion) (t=-3.353, t=-2.694, t=-3.268, respective-
ly; P<0.05), as shown in Tables 4, 5 and Figure
3.

The correlation between levels of cytokines
and cognitive function

Before and after CALM intervention, and
CAU group, levels of cytokines IL-1B, TNF-
o and IL-4 were significantly correlated
with MMSE (r=-0.343/r=-0.538/r=-0.741, r=
-0.375/r=-0.330/r=-0.737, r=0.310/r=-0.541/
r=-0.813, respectively; P<0.05), as shown in
Figures 4-6.

Discussion

The present results showed that there were
significant differences in neuropsychological
test scores, including the PM, RM, MMSE, QOL
and DT, in breast cancer patients after the
CALM intervention, compared to before CALM
intervention and CAU; also, this process was
accompanied by changes in IL-13, TNF-a and
IL-4 levels. These data not only suggested the
effectiveness of CALM intervention in pa-
tients with CRCI but also further confirmed the
correlation between cytokines and CRCI.
Additionally, CALM was indicated to be an
effective intervention for increasing patients’
QOL and for reducing DT.

Cytokines, important inflammatory factors in
the body, not only play a role in diseases char-
acterized by cognitive impairment, such as
Alzheimer’'s disease and dementia [23] but
also have been considered one of the possi-
ble mechanisms for CRCI [10]. It has been
reported that the levels of various cytokines,
such as IL-2, IL-4, IL-6 and TNF-«, increased in
patients by approximately 1.5 times after che-
motherapy [24]. In patients with traumatic
brain injury, high levels of IL-13 were associated
with a twofold increased risk of cognitive
decline compared with patients with normal
levels of IL-1B [25]. Higher levels of IL-1p3 were
also observed in patients with CRCI [18]. In a
mouse model, treatment with adriamycin led
to excess TNF-a detected in peripheral blood
and brain tissues, mainly in the hippocampus
and cortex, which negatively affected cognitive
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Table 5. Comparison of IL-13, TNF-a and IL-4 levels before and after CALM intervention with CAU

group
CALM (n=50)
ltems CAU (n=78) t P-valuet t P-value?
BCM ACM
IL-1B 63.48+27.96 45.93+15.46 63.63+35.19 -0.270 0.979 -3.353 0.001
TNF-a 65.51+27.42 50.12+16.80 64.45+35.08 0.191 0.849 -2.694 0.008
IL-4 42.73+19.99 29.38+11.50 41.68+24.94 0.261 0.794 -3.268 0.001

Data are presented as the mean + SD. *Change (P-value) between groups (comparison of BCM vs CAU). 2Change (P-value)

between groups (comparison of ACM vs CAU).
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Figure 3. Study data histogram comparison plasma IL-13, TNF-& and IL-4
levels. A. Comparison plasma IL-13, TNF-a and IL-4 levels before and after
CALM intervention. B. Comparison plasma IL-13, TNF-a and IL-4 levels CAU
group and after CALM intervention. Note: ***P<0.001.

function through the generation of reactive oxy-
gen species and nitrogen, oxidative stress and
mitochondrial damage [26]. Also, TNF-a« and
IL-1B3 work in concert to regulate and induce
neuronal inflammation [27]. However, findings
from previous studies on IL-4 remain contr-
oversial. Most studies have shown that IL-4
plays a protective role in cognitive function [18,
28], though a few studies have failed to observe
a correlation between IL-4 and cognitive func-
tion [29, 30]. However, the results of this study
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BCM(n=50) suggested that cognitive fun-
. ction was alleviated after
ACM(n=50) CALM intervention and ac-

companied by reduced IL-4
levels. This phenomenon indi-
rectly indicates the negative
effect of IL-4 on cognitive
function, which is also con-
trary to most literature
reports. Therefore, the role of
IL-4 in CRCI remains to be fur-
ther explored.

Research on CRCI in the cur-
CAUM=78) rent literature is relatively
common. Although much of
this research has focused on
its clinical manifestations
and biological mechanisms,
how to effectively intervene is
a realistic problem that
needs to be urgently solved.
Early psychological interven-
tion may play a key role in the
QOL of patients after treat-
ment. Due to the side effects
associated with drug treat-
ment, psychological interven-
tions seem to be more accept-
able to patients. CALM inter-
ventions show great advan-
tages among cancer patients
by improving their systemic
symptoms, depression and QOL. CALM inter-
vention was proven to have the potential to not
only relieve distress but also increase psycho-
logical growth and well-being [31]. CALM inter-
vention can also help breast cancer patients
avoid experiencing psychological symptoms
and make final preparations for the possible
event of their death [32].

ACM(n=50)

The effectiveness of psychological interven-
tions may be significantly individualized, so it is
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Figure 4. The linear correlation between MMSE
scores and IL-1B. A. The linear correlation between
MMSE scores and IL-13 before CALM intervention. B.
The linear correlation between MMSE scores and IL-
1B after CALM intervention. C. The linear correlation
between MMSE scores and IL-1 in CAU group.

important to understand the characteristics of
moderate treatment effects to determine who
will benefit the most from the intervention [33].
Although these results are in line with other
qualitative studies [34], including Canada,
Germany [35], and Italy [21], and seem to con-
firm the efficiency of CALM intervention in
reducing the level of depression, general anxi-
ety, and death and increasing posttraumatic
growth, it is controversial whether the CALM
has an effect on emotional attachments and
QOL. Little research has been done to deter-
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Figure 5. The linear correlation between MMSE
scores and TNF-a. A. The linear correlation between
MMSE scores and TNF-a before CALM intervention.
B. The linear correlation between MMSE scores and
TNF-a after CALM intervention. C. The linear correla-
tion between MMSE scores and TNF-a in CAU group.

mine whether education or psychological dis-
tress is a factor in CALM outcomes. Fully under-
standing the influencing factors of the effect of
CALM interventions provides great value for
theoretical testing and further improvements in
related interventions. Although CALM interven-
tions have achieved significant results in
improving the symptoms of CRCI in breast can-
cer patients, due to the small sample sizes and
very large differences among different ethnic
groups and assessment tools, many studies
are not comprehensive and need further
research [36].
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Figure 6. The linear correlation between MMSE
scores and IL-4. A. The linear correlation between
MMSE scores and IL-4 before CALM intervention. B.
The linear correlation between MMSE scores and
IL-4 after CALM intervention. C. The linear correlation
between MMSE scores and IL-4 in CAU group.

Furthermore, our CALM intervention substan-
tially improved patient QOL and alleviated their
DT. During and even after cancer treatment,
breast cancer patients experienced a variety
of physical, psychological, social, and mental
problems associated with the disease and its
treatment. It has been reported that psycho-
logical distress is experienced by up to 50% of
breast cancer patients [37]. Furthermore, phys-
ical symptoms such as fatigue and pain impair
patients’ social functioning and QOL [38]. The
association between psychological distress
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and cognitive performance was confirmed by
a recent study [39]. More importantly, investi-
gations with larger samples have provided
some evidence for associations between vari-
ous measures of distress and both verbal
memory and processing speed [40]. There-
fore, we can speculate that DT may play an
intermediary role in CRCI and that the CALM
intervention ameliorated CRCI symptoms by
improving DT and QOL. The exact mechanisms
of CALM intervention in alleviating CRCI need to
be further explored in the future.

One limitation of the study was the low number
of breast cancer patients enrolled, and future
research can be carried out with a larger sam-
ple size. The results of this experiment only
suggested that CALM could improve CRCI.
However, the specific biological mechanisms of
this intervention remain unclear, so future stud-
ies should focus on this point for further
exploration.

Conclusion

In brief, our study revealed improved cognitive
function after CALM intervention in breast can-
cer patients with CRCI. Moreover, changes in
IL-1B3, TNF-oc and IL-4 levels from before to after
the intervention further demonstrated the cor-
relation between cytokines and CRCI. This pro-
vides the theoretical basis that CALM may
become an efficient method to relieve CRCI-
related symptoms in breast cancer patients
and improve their QOL. Finally, long-term stud-
ies are required to investigate whether these
positive  psychological and physiological
responses are stable, increased, or decreased
over time.

Acknowledgements

This research was supported by the National
Natural Science Foundation of China (No.
81872504).

Disclosure of conflict of interest
None.

Address correspondence to: Huaidong Cheng,
Department of Oncology, The Second Affiliat-
ed Hospital of Anhui Medical University, Hefei
230601, Anhui, China. Tel: +86-13955112735;
E-mail: chd1975ay@126.com

Am J Cancer Res 2021;11(11):5415-5427


mailto:chd1975ay@126.com

Changes in cytokine levels in breast cancer patients

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Sung H, Ferlay J, Siegel RL, Laversanne M, So-
erjomataram I, Jemal A and Bray F. Global can-
cer statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2021;
71: 209-249.

Cao W, Chen HD, Yu YW, Li N and Chen WQ.
Changing profiles of cancer burden worldwide
and in China: a secondary analysis of the glob-
al cancer statistics 2020. Chin Med J (Engl)
2021; 134: 783-791.

DeSantis CE, Ma J, Gaudet MM, Newman LA,
Miller KD, Goding Sauer A, Jemal A and Siegel
RL. Breast cancer statistics, 2019. CA Cancer J
Clin 2019; 69: 438-451.

Ahles TA, Root JC and Ryan EL. Cancer- and
cancer treatment-associated cognitive change:
an update on the state of the science. J Clin
Oncol 2012; 30: 3675-3686.

Alexander TC, Simecka CM, Kiffer F, Groves T,
Anderson J, Carr H, Wang J, Carter G and Allen
AR. Changes in cognition and dendritic com-
plexity following intrathecal methotrexate and
cytarabine treatment in a juvenile murine
model. Behav Brain Res 2018; 346: 21-28.
Bagnall-Moreau C, Chaudhry S, Salas-Ramirez
K, Ahles T and Hubbard K. Chemotherapy-in-
duced cognitive impairment is associated with
increased inflammation and oxidative damage
in the hippocampus. Mol Neurobiol 2019; 56:
7159-7172.

Boccardi V, Westman E, Pelini L, Lindberg O,
Muehlboeck JS, Simmons A, Tarducci R, Floridi
P, Chiarini P, Soininen H, Kloszewska I, Tsolaki
M, Vellas B, Spenger C, Wahlund LO, Love-
stone S and Mecocci P. Differential associa-
tions of il-4 with hippocampal subfields in mild
cognitive impairment and Alzheimer’s disease.
Front Aging Neurosci 2019; 10: 439.

Booth CM, Vardy J, Crawley A, Rourke S, Pond
G, Wagner L and Tannock IF. Cognitive impair-
ment associated with chemotherapy for breast
cancer: an exploratory case-control study. J
Clin Oncol 2006; 24: 468S-468S.

Broderick JE, Keefe FJ, Schneider S, Junghae-
nel DU, Bruckenthal P, Schwartz JE, Kaell AT,
Caldwell DS, McKee D and Gould E. Cognitive
behavioral therapy for chronic pain is effective,
but for whom? Pain 2016; 157: 2115-2123.
Cheung YT, Ng T, Shwe M, Ho HK, Foo KM,
Cham MT, Lee JA, Fan G, Tan YP, Yong WS,
Madhukumar P, Loo SK, Ang SF, Wong M, Chay
WY, Ooi WS, Dent RA, Yap YS, Ng R and Chan A.
Association of proinflammatory cytokines and
chemotherapy-associated cognitive impair-
ment in breast cancer patients: a multi-cen-

5425

(11]

[12]

(13]

(14]

[15]

(16]

(17]

(18]

tered, prospective, cohort study. Ann Oncol
2015; 26: 1446-1451.

Chilcot J, Norton S and Hunter MS. Cognitive
behaviour therapy for menopausal symptoms
following breast cancer treatment: Who bene-
fits and how does it work? Maturitas 2014; 78:
56-61.

Denlinger CS, Sanft T, Baker KS, Broderick G,
Demark-Wahnefried W, Friedman DL, Goldman
M, Hudson M, Khakpour N, King A, Koura D,
Lally RM, Langbaum TS, McDonough AL, Me-
lisko M, Montoya JG, Mooney K, Moslehi JJ,
O’Connor T, Overholser L, Paskett ED, Pepper-
corn J, Pirl W, Rodriguez MA, Ruddy KJ, Silver-
man P, Smith S, Syrjala KL, Tevaarwerk A, Urba
SG, Wakabayashi MT, Zee P, McMillian NR and
Freedman-Cass DA. Survivorship, version
2.2018 clinical practice guidelines in oncology.
J Natl Compr Canc Netw 2018; 16: 1216-1247.
Fan L, Strasser-Weippl K, Li JJ, St Louis J, Fin-
kelstein DM, Yu KD, Chen WQ, Shao ZM and
Goss PE. Breast cancer in China. Lancet Oncol
2014; 15: e279-e289.

Gan HK, Bernstein LJ, Brown J, Ringash J, Va-
kilha M, Wang L, Goldstein D, Kim J, Hope A,
O’Sullivan B, Waldron J, Abdul Razak AR, Chen
EX and Siu LL. Cognitive functioning after ra-
diotherapy or chemoradiotherapy for head-
and-neck cancer. Int J Radiat Oncol Biol Phys
2011; 81: 126-134.

Geraghty AC, Gibson EM, Ghanem RA, Greene
JJ, Ocampo A, Goldstein AK, Ni L, Yang T, Mar-
ton RM, Pasca SP, Greenberg ME, Longo FM
and Monje M. Loss of adaptive myelination
contributes to methotrexate chemotherapy-re-
lated cognitive impairment. Neuron 2019;
103: 250-265, e258.

Gibson EM and Monje M. Emerging mechanis-
tic underpinnings and therapeutic targets for
chemotherapy-related cognitive impairment.
Curr Opin Oncol 2019; 31: 531-539.

Hunter MS, Coventry S, Hamed H, Fentiman |
and Grunfeld EA. Evaluation of a group cogni-
tive behavioural intervention for women suffer-
ing from menopausal symptoms following
breast cancer treatment. Psychooncology
2009; 18: 560-563.

Kalter J, Verdonck-de Leeuw IM, Sweegers MG,
Aaronson NK, Jacobsen PB, Newton RU, Cour-
neya KS, Aitken JF, Armes J, Arving C, Boersma
LJ, Braamse AMJ, Brandberg Y, Chambers SK,
Dekker J, Ell K, Ferguson RJ, Gielissen MFM,
Glimelius B, Goedendorp MM, Graves KD,
Heiney SP, Horne R, Hunter MS, Johansson B,
Kimman ML, Knoop H, Meneses K, Northouse
LL, Oldenburg HS, Prins JB, Savard J, van Beur-
den M, van den Berg SW, Brug J and Buffart
LM. Effects and moderators of psychosocial
interventions on quality of life, and emotional

Am J Cancer Res 2021;11(11):5415-5427



[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

Changes in cytokine levels in breast cancer patients

and social function in patients with cancer: An
individual patient data meta-analysis of 22
RCTs. Psychooncology 2018; 27: 1150-1161.
Lo C, Hales S, Jung J, Chiu A, Panday T, Rydall
A, Nissim R, Malfitano C, Petricone-Westwood
D, Zimmermann C and Rodin G. Managing can-
cer and living meaningfully (CALM): phase 2
trial of a brief individual psychotherapy for pa-
tients with advanced cancer. Palliat Med 2014,
28:234-242.

Nissim R, Freeman E, Lo C, Zimmermann C,
Gagliese L, Rydall A, Hales S and Rodin G.
Managing cancer and living meaningfully
(CALM): a qualitative study of a brief individual
psychotherapy for individuals with advanced
cancer. Palliat Med 2012; 26: 713-721.
Caruso R, Sabato S, Nanni MG, Hales S, Rodin
G, Malfitano C, Tiberto E, De Padova S, Bertelli
T, Belvederi Murri M, Zerbinati L and Grassi L.
Application of managing cancer and living
meaningfully (CALM) in advanced cancer pa-
tients: an italian pilot study. Psychother Psy-
chosom 2020; 89: 402-404.

Ding K, Zhang X, Zhao J, Zuo H, Bi Z and Cheng
H. Managing cancer and living meaningfully
(CALM) intervention on chemotherapy-related
cognitive impairment in breast cancer
survivors. Integr Cancer Ther 2020; 19:
1534735420938450.

Lomeli N, Di K, Czerniawski J, Guzowski JF and
Bota DA. Cisplatin-induced mitochondrial dys-
function is associated with impaired cognitive
function in rats. Free Radic Biol Med 2017;
102: 274-286.

Matthews H, Grunfeld EA and Turner A. The ef-
ficacy of interventions to improve psychosocial
outcomes following surgical treatment for
breast cancer: a systematic review and meta-
analysis. Psychooncology 2017; 26: 593-607.
Menning S, de Ruiter MB, Veltman DJ, Koppel-
mans V, Kirschbaum C, Boogerd W, Reneman
L and Schagen SB. Multimodal MRI and cogni-
tive function in patients with breast cancer
prior to adjuvant treatment-the role of fatigue.
Neuroimage Clin 2015; 7: 547-554.

Menning S, de Ruiter MB, Veltman DJ, Boogerd
W, Oldenburg HSA, Reneman L and Schagen
SB. Changes in brain white matter integrity af-
ter systemic treatment for breast cancer: a pro-
spective longitudinal study. Brain Imaging Be-
hav 2018; 12: 324-334.

Ng A, Tam WW, Zhang MW, Ho CS, Husain SF,
Mclintyre RS and Ho RC. IL-1beta, IL-6, TNF-al-
pha and CRP in elderly patients with depres-
sion or Alzheimer’s disease: systematic review
and meta-analysis. Sci Rep 2018; 8: 12050.
Park S, Sato Y, Takita Y, Tamura N, Ninomiya A,
Kosugi T, Sado M, Nakagawa A, Takahashi M,
Hayashida T and Fujisawa D. Mindfulness-

5426

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

based cognitive therapy for psychological dis-
tress, fear of cancer recurrence, fatigue, spiri-
tual well-being, and quality of life in patients
with breast cancer-a randomized controlled
trial. J Pain Symptom Manage 2020; 60: 381-
389.

Pomykala KL, Ganz PA, Bower JE, Kwan L, Cas-
tellon SA, Mallam S, Cheng |, Ahn R, Breen EC,
Irwin MR and Silverman DH. The association
between pro-inflammatory cytokines, regional
cerebral metabolism, and cognitive complaints
following adjuvant chemotherapy for breast
cancer. Brain Imaging Behav 2013; 7: 511-
523.

Raffa RB and Tallarida RJ. Effects on the visual
system might contribute to some of the cogni-
tive deficits of cancer chemotherapy-induced
‘chemo-fog’. J Clin Pharm Ther 2010; 35: 249-
255.

Lo C, Hales S, Rydall A, Panday T, Chiu A, Mal-
fitano C, Jung J, Li M, Nissim R, Zimmermann C
and Rodin G. Managing cancer and living
meaningfully: study protocol for a randomized
controlled trial. Trials 2015; 16: 391.

Rodin G, Lo C, Rydall A, Nissim R, Malfitano C,
Shnall J, Zimmermann C and Hales S. Manag-
ing cancer and living meaningfully (CALM): a
randomized controlled trial of a psychological
intervention for patients with advanced can-
cer. J Clin Oncol 2017; 35: 2422-2432.
Samatra DPGP, Pratiwi NMD and Widyadhar-
ma IPE. High Il-1beta serum as a predictor of
decreased cognitive function in mild traumatic
brain injury patients. Open Access Maced J
Med Sci 2018; 6: 1674-1677.

Shaw C, Chrysikou V, Lanceley A, Lo C, Hales S
and Rodin G. Mentalization in CALM psycho-
therapy sessions: helping patients engage with
alternative perspectives at the end of life. Pa-
tient Educ Couns 2019; 102: 188-197.
Scheffold K, Philipp R, Engelmann D, Schulz-
Kindermann F, Rosenberger C, Oechsle K,
Haerter M, Wegscheider K, Lordick F, Lo C,
Hales S, Rodin G and Mehnert A. Efficacy of a
brief manualized intervention Managing Can-
cer and Living Meaningfully (CALM) adapted to
German cancer care settings: study protocol
for a randomized controlled trial. BMC Cancer
2015; 15: 592.

Tobinick E, Kim NM, Reyzin G, Rodriguez-Ro-
manacce H and DePuy V. Selective TNF inhibi-
tion for chronic stroke and traumatic brain in-
jury: an observational study involving 629
consecutive patients treated with perispinal
etanercept. CNS Drugs 2012; 26: 1051-1070.
van der Willik KD, Koppelmans V, Hauptmann
M, Compter A, Ikram MA and Schagen SB. In-
flammation markers and cognitive perfor-
mance in breast cancer survivors 20 years af-

Am J Cancer Res 2021;11(11):5415-5427



[38]

[39]

5427

Changes in cytokine levels in breast cancer patients

ter completion of chemotherapy: a cohort
study. Breast Cancer Res 2018; 20: 135.
Wang XM, Walitt B, Saligan L, Tiwari AF, Cheung
CW and Zhang ZJ. Chemobrain: a critical re-
view and causal hypothesis of link between
cytokines and epigenetic reprogramming asso-
ciated with chemotherapy. Cytokine 2015; 72:
86-96.

Xiao F, Song X, Chen Q, Dai Y, Xu R, Qiu C and
Guo Q. Effectiveness of psychological interven-
tions on depression in patients after breast
cancer surgery: a meta-analysis of randomized
controlled trials. Clin Breast Cancer 2017; 17:
171-179.

[40] Yang Y and Hendrix CC. Cancer-related cogni-

tive impairment in breast cancer patients: in-
fluences of psychological variables. Asia Pac J
Oncol Nurs 2018; 5: 296-306.

Am J Cancer Res 2021;11(11):5415-5427



