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 dorsal attention network
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Abstract
Breast cancer is the leading type of cancer among women worldwide, and a high number of breast cancer patients are suffering from
psychological and cognitive disorders. This cross-sectional study used resting-state functional magnetic resonance imaging (rs-
fMRI) and clinical neuropsychological tests to evaluate the possible underlying mechanisms.
We enrolled 32 breast cancer patients without chemotherapy (BC), 32 breast cancer patients within 6 to 12months after the

completion of chemotherapy (BC_CTx) and 46 healthy controls. Participants underwent neuropsychological tests and rs-fMRI with
mean fractional amplitude of low-frequency fluctuation and mean regional homogeneity analyses. Between groups whole-brain
voxel-wise rs-fMRI comparisons were calculated using two-sample t test. rs-fMRI and neuropsychological tests correlation analyses
were calculated using multiple regression. Age and years of education were used as covariates. A false discovery rate-corrected P-
value of less than .05 was considered statistically significant.
We found significantly alteration of mean fractional amplitude of low-frequency fluctuation and mean regional homogeneity in the

frontoparietal lobe and occipital lobe in the BC group compared with the other 2 groups, indicating alteration of functional dorsal
attention network (DAN). Furthermore, we found the DAN alteration was correlated with neuropsychological impairment.
The majority of potential underlying mechanisms of DAN alteration in BC patients may due to insufficient frontoparietal lobe neural

activity to drive DAN and may be related to the effects of neuropsychological distress. Further longitudinal studies with
comprehensive images and neuropsychological tests correlations are recommended.

Abbreviations: BC = breast cancer patients without chemotherapy, BC_CTx = breast cancer patients after chemotherapy, DAN
= dorsal attention network, mfALFF=mean fractional amplitude of low-frequency fluctuation, mReHo=mean regional homogeneity,
rs-fMRI = resting-state functional magnetic resonance imaging.
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1. Introduction
Breast cancer is the leading type of cancer among women
worldwide. Fortunately, current outstanding comprehensive
therapies have increased the patient survival time. However, a
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high number of breast cancer patients are suffering from
psychological and cognitive disorders, and thus life quality of
breast cancer patients is becoming an important issue.[1–7] A term
“chemo-brain” was created to describe cognitive impairment
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experienced by patients after receiving chemotherapy.[7,8] A
recent review study included more than 50 published neuropsy-
chological associated breast cancer researches found that
executive function, memory, processing speed, and also attention
were the most commonly affected cognitive functions in breast
cancer patients and may be related to chemotherapy.[9]

Brain magnetic resonance imaging (MRI) has been widely used
to examine the effects of breast cancer and its associated
treatments to approach the underlying mechanism of cognitive
dysfunction. By structural approaches using voxel-based mor-
phometry and diffusion tensor imaging (DTI) analyses, recent
MRI studies revealed reduced brain gray and white matter
volume in frontal, temporal, thalamus, cerebellar regions, and
decreased white matter integrity in frontal, parietal, and occipital
lobes in breast cancer patients after chemotherapy.[10,11]

Compared with structural MRI studies, functional MRI (fMRI)
can detect brain activities by measuring blood oxygen level-
dependent signal changes, which shows more sensitive to
evaluate brain cognitive function and being widely used to
assess diseases associated with cognitive impairments.[12–20]

Using task-based fMRI and resting-state functional magnetic
resonance imaging (rs-fMRI) approaches, recent studies revealed
alteration of working memory-related activation, functional
connectivity, global and local efficiency, and majorly involving
frontal lobes in breast cancer patients after chemotherapy and
these changes may have an association with attention func-
tion.[17,20–23]

In our previous breast cancer study, by using rs-fMRI with
mean fractional amplitude of low-frequency fluctuations
(mfALFF) analysis, correlated with neuropsychological tests
and compared with healthy controls, we revealed alterations in
the dorsal attention network (DAN) in patients with breast
cancer within 6months after completion of chemotherapy and
may be related to the effects of both chemotherapy and
neuropsychological distress.[24]

Although majority of previous structural and functional MRI
studies focused on chemo-brain change and showed cognitive
associated brain alterations[25]; however, more and more recent
studies have suggested that cognitive alterations in patients with
breast cancer can occur before undergoing chemotherapy. These
findings indicated and enhanced that neuropsychological distress
rather than the effects of chemotherapy alone may play an
important role in breast cancer-related cognitive impair-
ments.[4,26–31] To better understand and distinguish the effects
of chemotherapy and neuropsychological distress of breast
cancer patients, this cross-sectional study compared breast cancer
patients without chemotherapy, breast cancer patients after the
completion of chemotherapy and healthy controls and correlated
these groups with neuropsychological tests by using rs-fMRI to
clarify the possible underlying mechanisms.
2. Materials and methods

2.1. Participants

All participants were recruited from the Chang Gung Memorial
Hospital, Chiayi, Taiwan and were separated into 3 groups,
including breast cancer patients without chemotherapy (BC),
breast cancer patients within 6 to 12months after the completion
of chemotherapy (anthracyclines, such as doxorubicin, epirubi-
cin, and taxanes, such as paclitaxel, docetaxel) (BC_CTx) and
sex-matched healthy controls (HC). The inclusion criteria of
2

breast cancer patients included age 20 to 55 female with
pathological proved primary breast cancer. The exclusion criteria
of breast cancer patients included end-stage of the breast cancer,
underwent treatment for other cancer, post-radiation therapy
before investigation, evidence of brain metastasis or other brain
insults, any known neuropsychiatric disorder or substance used
and unable to have an MRI scan. The same exclusion criteria
were used for HC in addition to having no evidence of breast
cancer. This study was approved by the Institutional Review
Board of Chang GungMemorial Hospital, Chiayi, Taiwan (Nos.
104-5082B, 201700256B0, 201702027B0), and the written
informed consent was obtained from all patients.
2.2. Neuropsychological tests

All neuropsychological tests were evaluated by an experienced
psychotherapist. The Mini-Mental State Examination (MMSE)
was used to assess cognitive function (our MMSE quote number
is W36019); it features tests of orientation (both time and place),
attention, calculation, registration of words, word recall, and also
visual and language construction. The scores range from 0 to 30,
with higher values indicating a higher cognitive function.[32,33]

The Cognitive and Affective Mindfulness Scale-Revised (CAMS-
R) was used to assess mindful qualities; it is designedwith 12-item
measurements for capture a broad conceptualization of mindful-
ness, with higher values reflecting greater mindful qualities.[34]

The Hospital Anxiety and Depression Scale (HADS) was used to
assess possible anxiety and depression symptoms; it is a 14-item
scale that generates ordinal data. Seven of the items relate to
anxiety, and the other 7 relate to depression. Scores range from 0
to 21, and higher values reflect greater anxiety and depression
symptoms.[35] The Impact of Event Scale-Revised (IES-R) was
used to assess subjective distress caused by potential traumatic
events; it is a self-report measurement with totally 22 items, with
higher values reflecting greater levels of life distress.[36]
2.3. MRI scan acquisition

BrainMRI examinations of all participants were performed using
a 3.0-T MRI scanner (Magnetom Verio, Siemens Medical
Systems, Erlangen, Germany) with a standard 8-channel head
coil. For rs-fMRI measurements, a gradient echo–echo planar
imaging sequence with 31 axial slices per volume was used and
totally 300 volumes were recorded with a temporal resolution of
2seconds (TR: 2000millisecond, TE: 30millisecond, and FA:
90°; voxel size=3.4mm�3.4mm�4.0mm). All participants
were taught to close their eyes, keep relaxed, and motionless but
awake in the absence of goal-directed attention during the
examination. Besides, head cushions and earmuffs were used in
all participants for motion and scanner noise reduction.
2.4. Resting-state functional MRI data preprocessing

Data were collected, preprocessed, and analyzed similarly as
described in our previous study.[24] In brief, the preprocessing of
rs-fMRI data was performed using Statistical Parametric
Mapping 8 (SPM8, Wellcome Department of Cognitive
Neurology, London, UK) based on MATLAB 2013 (Math-
Works, Natick, MA). Initially, the first 10 volumes of each
participant were discarded to allow for the magnetization
equilibrium and saturation effects. Then slice-timing correction
were performed for the remaining 290 consecutive volumes. For
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head motion correction, only participants with head motion less
than ±1mm in the x, y, z direction and less than ±1° rotation
about each axis were included. For data normalization, Montreal
Neurological Institute was used as standard space, after affine
transformation, data were resampled to isotropic 3-mm voxels,
followed by using a 6-mm full width at half maximum Gaussian
kernel for spatially smoothing to get a better signal-to-noise ratio
gain. Thereafter, Nuisance regression was performed to remove
the physiological noise by using 6 head motion parameters as
covariates and whole brain, white matter, and cerebrospinal fluid
as masks. To minimize the effects of low-frequency drifts and
physiological signals, linear detrending and bandpass temporal
filtering were calculated on the time series of each voxel by using
the Resting-State Data Analysis toolkit v1.8 (REST v1.8, Center
for Cognition and Brain Disorders, Hangzhou Normal Universi-
ty, Zhejiang, China). According to the previously published
studies and our own study experience, 0.01 to 0.12Hz were
selected as frequency range to cover dominant physiological
information and minimize the effect of both high-frequency
physiological noise and low-frequency drift.[19,23,37,38]

The mfALFF with frequency range of 0.01 to 0.12Hz was
evaluated. Using fast Fourier transform, the time series was
converted to the frequency domain for a given voxel. The square
root of the power spectrum was calculated, averaged, and
normalized across a predefined frequency interval at the given
voxel.[39,40] To analyze regional homogeneity (ReHo), each
individual ReHo map was generated by calculating the Kendall’s
coefficient of concordance, which measured the neural synchro-
nization of a given voxel with its 26 neighboring voxels.[41] A
mask was then used to remove nonbrain tissues and noise on the
ReHomaps, and the individual ReHomaps were divided by their
own mean Kendall’s coefficient of concordance within the mask
for standardization purposes to compute the mean regional
homogeneity (mReHo).
2.5. Data analysis

To explore group differences in demographic data and
neuropsychological tests, normal distribution was tested first,
followed by one-way ANOVAwith Bonferroni-adjusted post hoc
test using SPSS version 22. A P-value of less than .05 was
Table 1

Summary of characteristics of demographic data and neuropsycholo

Breast cancer patients
without chemotherapy (n=32)

Breast cancer p
after chemotherap

Characteristics Mean or count SD Mean or count

Age (yrs) 48.6 6.7 49.9
Education (yrs) 12.7 4.3 11.4
Breast ca stage:

(0, I, II, III, IV)
(19,10,2,1,0) N/A (0,5,18,7,2)

MMSE 28.5 1.7 28.6
CAM-R 36.7 6.3 34.9
HADS
Anxiety 6.2 4.7 5.1
Depression 4.6 4.5 3.1

IES-R 13.2 20.5 11.8

A=post hoc test between breast cancer patients without and after chemotherapy; B=post hoc test betwee
cancer patients after chemotherapy and healthy controls; CAM-R=Cognitive and Affective Mindfulness S
MMSE=Mini-Mental State Examination; N/A=not applicable; SD= standard deviation.
∗
P-value< .05 indicating significant difference.

† Two sample t test.

3

considered statistically significant. To explore group differences
in rs-fMRI mfALFF and mReHo between the BC, BC_CTx, and
HC groups, a whole-brain voxelwise comparison was performed
using two-sample t test in SPM8. To explore the relationship
between the mfALFF and mReHo with neuropsychological tests,
the correlation between mfALFF with the MMSE, CAMS-R,
HADS (Anxiety and Depression), and IES-R and the correlation
betweenmReHowith theMMSE, CAMS-R, HADS (Anxiety and
Depression), and IES-R were calculated using multiple regres-
sions in SPM8. Age and years of education were used as
covariates. A false discovery rate-corrected P-value of less than
.05 was considered statistically significant. Finally, T1-weighted
Montreal Neurological Institute template was used to create the
underlying map for result viewing.
3. Results

3.1. Participants

A total of 110 participants were recruited. Thirty-two partic-
ipants were in the BC group, mean age: 48.6±6.7years; years of
education: 12.7±4.3; breast cancer stage (according to the 8th
edition American Joint Committee on Cancer): 0 (n=19), I (n=
10), II (n=2), and III (n=1). Thirty-two participants were in the
BC_CTx group, mean age: 49.9±6.3years; years of education:
11.4±3.8; breast cancer stage: I (n=5), II (n=18), III (n=7), and
IV (n=2). Forty-six participants were in theHC group, mean age:
43.5±7.0years; years of education: 13.3±3.0. Significant
differences were noted in the age comparison (ANOVA:
P-value< .01), between the BC and HC groups (post hoc test:
P-value= .02) and between the BC_CTx and HC groups (post
hoc test: P-value< .01) (Table 1).
3.2. Neuropsychological tests

All participants, including 32 BC, 32 BC_CTx, and 46 HC
participants, underwent the HADS test, and both anxiety and
depression domains showed no significant difference among the
groups. Only the BC and BC_CTx groups underwent the MMSE
andCAMS-R tests, and the results showedno significant difference
between the groups. All participants underwent the IES-R test and
gical tests.

atients
y (n=32)

Healthy controls
(n=46) ANOVA A B C

SD Mean or count SD P-value
∗

6.3 43.5 7.0 <.01 .44 .02 <.01
3.8 13.3 3.0 .09 .28 .29 .23
N/A N/A N/A N/A N/A N/A N/A

1.7 N/A N/A N/A .94† N/A N/A
7.4 N/A N/A N/A .35† N/A N/A

4.3 5.0 4.8 .40 .26 .20 .88
3.8 4.3 3.4 .25 .16 .76 .17
16.4 3.4 8.3 <.01 .88 .03 .01

n breast cancer patients without chemotherapy and healthy controls; C=post hoc test between breast
cale-Revised; HADS=Hospital Anxiety and Depression Scale; IES-R= Impact of Event Scale-Revised;

http://www.md-journal.com


Figure 1. The mfALFF analysis. Both the (A) BC and (B) BC_CTx groups showed significantly increased mfALFF in the frontoparietal lobe compared with that of the
HC group. (C) The BC group showed significantly increased mfALFF in the frontoparietal lobe compared with that of the BC_CTx group. Both the (D) BC_CTx and
(E) HC groups showed increased mfALFF in the occipital lobe compared with that of the BC group. BC=breast cancer patients without chemotherapy; BC_CTx=
breast cancer patients within 6 to 12mo after the completion of chemotherapy; HC=sex-matched healthy controls.
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significant differences were noted among the groups (ANOVA:
P-value< .01) and both the BC and BC_CTx groups showed
significant differences compared to the HC group (post hoc test:
P-value= .03 between the BC and HC groups; post hoc test:
P-value= .01 between the BC_CTx and HC groups) (Table 1).
3.3. mfALFF analysis

Both the BC and BC_CTx groups showed significantly increased
mfALFF in the frontoparietal lobe compared with that of the HC
group. The BC group showed significantly increased mfALFF in
the frontoparietal lobe comparedwith that of the BC_CTx group.
Both the BC_CTx and HC groups showed increased mfALFF in
the occipital lobe compared with that of the BC group. No
significant difference of mfALFF in the occipital lobe was found
between the BC_CTx and HC groups. In brief, in the
frontoparietal lobe, the BC group showed greater mfALFF than
the BC_CTx group, and the BC_CTx group showed greater
Figure 2. The mReHo analysis. (A and B) The HC group showed significantly in
BC_CTx groups. (C) The BC_CTx group showed significantly increased mReHo in
patients without chemotherapy; BC_CTx=breast cancer patients within 6 to 12m
mReHo=mean regional homogeneity.
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mfALFF than the HC group. In the occipital lobe, the HC and
BC_CTx groups showed no significant mfALFF difference, but
both showed greater mfALFF than the BC group (Fig. 1).

3.4. mReHo analysis

The HC group showed significantly increased mReHo in the
frontoparietal lobe compared with that of the BC and BC_CTx
groups. The BC_CTx group showed significantly increased
mReHo in the frontoparietal lobe compared with that of the BC
group. In brief, in the frontoparietal lobe, the HC group showed
greater mReHo than the BC_CTx group, and the BC_CTx group
showed greater mReHo than the BC group (Fig. 2).

3.5. Neuropsychological tests correlation analysis

In mfALFF with neuropsychological test correlation analysis,
both the MMSE and CAMS-R scores showed a positive
creased mReHo in the frontoparietal lobe compared with that of the BC and
the frontoparietal lobe compared with that of the BC group. BC=breast cancer
o after the completion of chemotherapy; HC=sex-matched healthy controls;



Figure 3. The mfALFF with neuropsychological test correlation analysis. (A and B) MMSE and the (C and D) CAMS-R showed a positive correlation in the occipital
lobe and a negative correlation in the frontoparietal lobe. In contrast, the (E and F) Anxiety and (G and H) Depression and the (I and J) IES-R showed a positive
correlation in the frontoparietal lobe and a negative correlation in the occipital lobe. Anxiety and Depression=Hospital Anxiety and Depression Scale; CAMS-R=
Cognitive and Affective Mindfulness Scale-Revised; IES-R=The Impact of Event Scale-Revised; MMSE=Mini-Mental State Examination; mfALFF=mean fractional
amplitude of low-frequency fluctuation.
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correlation in the occipital lobe and a negative correlation in the
frontoparietal lobe. In contrast, the HADS (Anxiety and
Depression) and IES-R scores showed a positive correlation in
the frontoparietal lobe and a negative correlation in the occipital
lobe (Fig. 3). In mReHowith neuropsychological tests correlation
analysis, both the MMSE and CAMS-R scores showed a positive
correlation in the frontoparietal lobe. In contrast, the HADS
(Anxiety and Depression) and IES-R scores showed a negative
correlation in the frontoparietal lobe (Fig. 4).

4. Discussion

In this study with cross-sectional design, we used mfALFF for
detecting the regional intensity of spontaneous fluctuations and
mReHo for detecting the synchronization of spontaneous local
brain neuronal activities to evaluate possible rs-fMRI signal
differences among breast cancer patients without chemotherapy,
breast cancer patients after the completion of chemotherapy and
sex-matched healthy controls. Furthermore, we evaluated the
correlation between alterations in brain functional connectivity
and neuropsychological tests. Our results showed increased
mfALFF and decreased mReHo in the frontoparietal lobe
and decreased mfALFF in the occipital lobe in the BC group
compared with the HC and the BC_CTx groups. The majority of
involved brain area were located in functional DAN. The DAN is
derived from the frontoparietal lobe and reacting at the occipital
lobe, which playing important role in voluntary control of
5

attention with top-down direction in the human brain.[42,43]

Therefore, in the BC group, increased mfALFF but decreased
mReHo in frontoparietal lobe may indicated insufficiently
increased neural activity to drive attention network, and
decreased mfALFF in occipital lobe may indicated poor attention
network reaction.
Recent studies have recognized an important role of alteration

of attention in cognitive impairments in cancer survivors and
recommended that the perceive problems with memory may be
associated to early-stage deficits of information processing and
related to attention impairment.[44,45] Furthermore, several
recent MRI studies using arterial spin labeling perfusion, task-
based fMRI and rs-fMRI showed alterations in cerebral blood
flow and the functional connectivity associated with DAN in
breast cancer patients after chemotherapy.[17,21,22,46–48] By
combined functional and structural approaches, Mo et al used
rs-fMRI and DTI to evaluate post-chemotherapy breast cancer
patients and found a decrease of ReHo mainly in the frontal lobe
in rs-fMRI evaluation and a decrease of fractional anisotropy
(FA) in the superior fronto-occipital fasciculus, a part of
visuospatial attention network in DTI evaluation.[49] In addition,
in our previous study using rs-fMRI with mfALFF analysis in
correlation with cognitive tests, we found that functional DAN
alteration may play a crucial role in cognitive impairment in
breast cancer patients.[24] Similar to these studies, our results
showed alterations in the DAN among the patients with breast
cancer not only in the BC_CTx group but also in the BC group. In

http://www.md-journal.com


Figure 4. ThemReHowith neuropsychological test correlation analysis. The (A) MMSE and the (B) CAMS-R showed a positive correlation in the frontoparietal lobe.
In contrast, the (C) Anxiety, (D) Depression, and the (E) IES-R showed a negative correlation in the frontoparietal lobe. Anxiety and Depression=Hospital Anxiety and
Depression Scale; CAMS-R=Cognitive and Affective Mindfulness Scale-Revised; IES-R=The Impact of Event Scale-Revised; MMSE=Mini-Mental State
Examination); mReHo=mean regional homogeneity.
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addition, when we compared the BC group with the BC_CTx
group, the BC group showed significantly increased DAN
alteration compared with that of the BC_CTx group. Therefore,
the result cannot be well explained by the effect of
chemotherapy alone.
Indeed, several recent published studies with clinical and MRI

approaches have suggested that breast cancer patients can suffer
from cognitive impairments, including compromised attention
function before chemotherapy, which may associated with stress
disorder.[26–30] A recent prospective longitudinal study with
clinical assessments suggested that the symptoms of stress
disorder affected more than 80% of breast cancer patients after
the disease was diagnosed, even before any treatment, such as
mastectomy or chemotherapy, and the symptoms may gradually
recover within 1year.[50] Furthermore, in a recent controlled,
longitudinal, multisite study, Hermelink et al found that breast
cancer patients, both before and 1year after chemotherapy,
compared with healthy controls, showed lower accuracy in
attention tests and cognitive decline and the effects were
significantly associated with stress disorder.[30] These previous
results help us to explain why breast cancer patients without
brain metastasis or those who underwent systemic chemotherapy
still showed DAN alterations and the alterations may gradually
recover even after chemotherapy.
In neuropsychological tests correlation analysis, we found

alterations in mfALFF in the frontoparietal lobe and occipital
lobe and alterations in mReHo in the frontoparietal lobe, which
indicates that alterations in the DANmay play an important role
in neuropsychological impairments. These findings may be
explained by compensatory mechanisms, a concept suggested
by several recent studies that brain has capability to recruit
6

normal area to maintain cognitive performance when functional
alterations occur and this alternative adaptive mechanism has
been observed in cancer survivors.[17,51–53] In addition, we found
significant differences in IES-R scores in both the BC and
BC_CTx groups compared to the HC group. Therefore, we
suggest that the effects of neuropsychological distress may play a
key role in DAN alterations in breast cancer patients, especially
without chemotherapy, and we recommend that early interven-
tion with neuropsychological therapy, such as mindfulness-based
interventions for the patient who diagnosed with breast cancer
may help to reduce and minimize the degree of post-diagnosis
neuropsychological distress.[54,55]

However, our study has several limitations worth noting. First,
a relatively small number of participants were included, and not
all of the neuropsychological tests were performed in the HC
group, which may have caused the results of significant age
difference among the 3 study groups and some of the results of the
neuropsychological tests among group comparisons to show only
trends or nearly significant differences. Future research involving
a larger sample size of participants, including breast cancer
patients and healthy controls, who will undergo more detailed
and comprehensive neuropsychological tests that consisted with
more subscale measurements of different cognitive functions is
recommended.[56,57] Second, the cross-sectional design did not
allow us to detect the possible longitudinal effects of both
neuropsychological stress and chemotherapy in the same breast
cancer and further longitudinal studies are required to verify such
effects. Third, during data processing with head motion
correction, although only the participant’s data with translation-
al or rotational parameters less than ±1mm and ±1° were
included and all the participants fulfilled the criteria. However,
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we did not calculate the frame-wise displacements (FD) in this
study. FD measurement can reflect the volume-to-volume
changes in head position and we recommend to use FD
measurement in future studies to help optimal handling of rs-
fMRI data with consequence of motion artifact.[58–60]
5. Conclusions

Comparing with HC group, we found alterations in mfALFF and
mReHo in the DAN of breast cancer patients before and within 6
to 12months after chemotherapy in this cross-sectional rs-fMRI
study. We suggest the majority of possible underlying mecha-
nisms may due to insufficient frontoparietal lobe neural activity
to drive DAN and may be related to the effects of neuropsycho-
logical distress. We recommend that further prospective
longitudinal studies using comprehensive images with neuropsy-
chological tests correlations to delineate clearer picture of
relationship between the decline of specific cognitive functions
and rs-fMRI changes in breast cancer patients and even other
cancer patients are necessary.
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