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Abstract
Background: Fear of cancer recurrence(FCR) has been one of the most commonly endorsed unmet need
for breast cancer survivors, but the neuroimaging mechanism underlying fear of cancer recurrence still
remains unclear.

Methods: we recruited 62 breast cancer survivors (31 in high FCR group and 28 in low FCR group) to
explore the inter-group differences in neuroimaging �ndings. All the participants underwent resting-state
functional magnetic resonance imaging (rs-fMRI) scan. Regional homogeneity (ReHo) and Voxel-mirrored
homotopic connectivity (VMHC) method were applied to analyze the imaging data.

Results: Breast cancer survivors with high and low FCR showed signi�cantly different ReHo in the left
caudate nucleus and precuneus, and signi�cantly different VMHC in brain regions in the posterior
cerebellar lobe, the superior frontal gyrus, the orbital part, the inferior frontal gyrus, the occipital gyrus, the
inferior parietal lobule and the frontal middle gyrus. The left caudate nucleus was negatively correlated
with FCR (p < 0.05), and the correlation coe�cient was -0.501. The right precuneus lobe was positively
correlated with FCR scores (p < 0.05), and the correlation coe�cient was 0.505. Besides, VMHC in
bilateral superior occipital gyrus was positively correlated with the total score of FCR (p < 0.05), and the
correlation coe�cient was 0.438

Conclusion: This study suggested that the left caudate nucleus, right precuneus lobe and bilateral
superior occipital gyrus were involved in the neuropathology of FCR. ReHo and VMHC in speci�c regions
could be applied as a biomarker to distinguish breast cancer survivors with high FCR from those with low
FCR. 

Introduction
With the progress of modern medicine and improvement of cancer diagnosis and treatment, the number
of cancer survivors has been steadily increasing [1]; therefore, the follow-up treatment of cancer survivors
and the need for promoting their quality of life have become important issues that need to be addressed
in public health [2]. Among women, breast cancer has become the most commonly diagnosed cancer [3].
Despite the prolonged life span of breast cancer patients because of early diagnosis and treatment,
numerous studies have reported breast cancer survivors with impaired quality of life associated with
long-term chronic psychological stress and negative emotions such as fear and anxiety [4]. 

Fear of Cancer Recurrence (FCR), de�ned as fear, worry, or concern about cancer either recurring or
progressing, is increasingly recognized as the most prevalent, persistent, and disruptive problems for
breast cancer survivors [5]. Excessive FCR becomes a barrier hampering breast cancer survivors’
participation of treatment, but also affects their quality of life and prognosis of the disease, thereby
increasing the risk of recurrence [6]. Additionally, previous studies demonstrated that breast cancer
survivors with high FCR usually show more medical seeking behavior, thus occupying more medical
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resources [7]. Currently, researchers had explored the factors affecting FCR of cancer survivors [8], but the
brain responses associated with breast cancer survivors' FCR are still unclear. 

In neuroscience, functional magnetic resonance imaging (fMRI) with high spatial resolution and non-
invasiveness, has provided insights into the association between brain structure and function [9]. Resting
state fMRI can exclude the effects of task on the results, and its effectiveness as a method for examining
brain function has been reported [10]. In the rs-fMRI literature, Regional homogeneity (ReHo) and Voxel-
Mirrored Homotopic Connectivity (VMHC) are two commonly used measures to detect disease-associated
regional activity changes in mental disorder. ReHo can re�ect the local synchronization of the time
courses of the nearest neighboring voxels (usually 27 voxels) based on a voxel-wise measure [11], thus
indicating the changes of temporal neuronal activity in speci�c regional areas. Meanwhile, VMHC aims at
accessing interhemispheric FC via analyzing the homotopy connectivity between a speci�c voxel in one
hemisphere and its mirrored voxel in the other side [12]. Therefore, the two indexes could serve as
markers of changes in brain dynamics and function in breast cancer survivors with high FCR. 

In the present study, we adopted the ReHo and VMHC frameworks to explore the neural mechanisms of
breast cancer survivors with fear of cancer recurrence. We examined the functional differences in brain
regions between breast cancer survivors with high FCR and individuals with low FCR. We also performed
analysis to clarify the relationships between the VMHC values of the different brain regions and FCR
scores. On the basis of previous evidence of fear and anxiety in patients [13, 14], we speculate that FCR
are related to brain regions of emotion regulation and cognitive function. We hypothesize that both high
and low FCR breast cancer survivors would show disrupted ReHo and VMHC, and there would be different
ReHo and VMHC patterns between them, which might serve as underlying imaging markers to discern
breast cancer survivors with high FCR from patients with low FCR. 

Materials And Methods
Participants

62 breast cancer survivors were recruited from the �rst a�liated hospital of Army Medical University,
China, from May to July, 2017. They were investigated by the Fear of Cancer Recurrence Inventory and
screened by the cutting score of 12[15], and the subjects with a score of less than 12 were divided into the
low FCR group and that of above 12 in the high FCR group. Participants in this study need to meet the
following criteria: (1) over 18 years old; (2) education level of junior high school or above; (3) no history of
mental illness, cognitive impairment and brain injury; (4) no psychotropic medication and treatment; (5)
volunteered to participate in the study. The exclusion criteria for all participants were: (1) pregnancy; (2)
cerebral structure abnormalities following initial MRI scanning; (3) contraindications for MRI scan. The
study was approved by the Medical Research Ethics Committee of the Army Medical University, China,
which is registered with the Chinese Clinical Trial Registry (ChiCTR-OOC-17012132). All subjects gave
written informed consent in accordance with the Declaration of Helsinki.

Measurement
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The 9-item Fear of Cancer Recurrence Inventory (FCRI) is a short form of the FCRI and corresponds to the
severity subscale of the FCRI (42 items), which has high correlation to the total score [16]. All items are
rated on a Likert scale ranging from 0 ("not at all" or "never") to 4 ("a great deal" or "all the time"). A higher
score indicates a higher level of FCR. In this study, Cronbach's α Coe�cient is 0.865.

Image Acquisition

Resting-state functional images were acquired with a Siemens 3.0 T scanner (Germany) in the First
A�liated Hospital of the Army Medical University. All participants were placed in a birdcage head coil
�tted with foam padding to reduce head motion. During the scanning, the subjects did not need to
perform any task, only needed to be in the supine position, eyes opened, still and awake [17, 18]. In this
study, routine clinical T1 weighted and T2 weighted MRI scans were carried out, and on-site diagnosis
was carried out by two radiology diagnostic doctors, so as to determine whether there was organic
craniocerebral abnormality, and the scanning can be continued only when it was clear that there was no
such abnormality. The parameters of scanning EPI sequence were set as follows: repetition time (TR) =
2000 ms, echo time (TE) = 30ms, �ip angle = 90 °, �eld of visual (FOV) = 192 × 192 mm2, voxel size is (3
× 3 × 3) mm3, the data matrix was (64 × 64), total volumes = 240, the number of scanning layers was 36,
and the layer thickness was 3 mm.

Data preprocessing

R-fMRI data were exported to the MATLAB platform, and then were performed using the Statistical
Parametric Mapping (SPM8) and Data processing assistant for DPARSF. Subjects needed to be
accustomed to the fMRI scanning noise in the initial stage, so the �rst 10 volumes of each subject’s
functional time series data were discarded to ensure the overall quality of the image. All images of the
whole brain were corrected and realigned in space to eliminate the interference caused by scanning time
and head motion. The preprocessed data was processed by band-pass �ltering (0.01 to 0.08 Hz). The
smoothing of VMHC was different that the preprocessed data was �rstly smoothed by FWHM Gaussian
kernel (4 mm), and then the VMHC value was obtained, and �nally processed by �ltering (0.01 to 0.08
Hz). As factors such as white matter, head movement and cerebrospinal �uid signals may interfere with
further analysis, this signal and head movement parameters in 6 directions should be regressed as
covariates. Then, data were nomalized to a standard corresponding MNI template.

ReHo analysis

The Kendall Coe�cient of Concordance (KCC) was applied to calculate the similarity of the time series in
the functional cluster between a single voxel and the surrounding 27 voxels based on ReHo. KCC value is
used to measure the consistency and similarity of time series for adjacent voxels. The individual
difference of the whole brain signal can be reduced by dividing the KCC value of each voxel with the
average KCC value of the whole brain, so as to obtain the average KCC brain map of each subject, which
can also be understood as the average ReHo brain map. The Gaussian kernel (4mm) of FWHM was used
to smooth the image, so as to improve its signal-to-noise ratio.
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After the ReHo brain maps of the two groups were obtained, the difference between the mean values of
the two groups was tested by two-sample t-test, which was considered to be statistically signi�cant with
p < 0.05, and Gaussian random �eld (GRF) correlation was performed (p < 0.01, z > 2.32). In order to
examine whether ReHo value has signi�cant correlation with FCR, the Pearson correlation coe�cient
analysis was performed on the ReHo value and FCR score.

VMHC analysis

The REST software was applied to perform the VMHC analysis. We calculated the homotopic FC as the
Pearson correlation between each voxel’s residual time series and that of its interhemispheric mirrored
voxel for each subject. The Fisher z-transformation of the coe�cients was used to improve normality, and
the whole-brain VMHC map of each participant was generated.

Two-sample t-test and multiple corrections through GRF method (p < 0.01 and z > 2.32) were performed
to clarify the difference range of VMHC values between high FCR group and low FCR group. Based on
this, the difference range between groups was regarded as ROI (region of interest), and the mean value of
VMHC intensity in patient ROI was extracted. Pearson correlation analysis was used to analyze the
correlation between the average intensity of VMHC in abnormal brain areas and FCR score.

Statistical analysis

Statistical analyses were performed using SPSS version 23. Intergroup differences in age, education level,
yearly family income and main clinical characteristics between breast cancer survivors with high FCR and
low FCR were determined with ANOVA. A signi�cant difference was de�ned as a two-tailed P value <0.05.

Results
Demographic and clinical characteristics

62 subjects were recruited in the experiment. The data of 3 subjects with low FCR were eliminated
because they had not completed all the experiments. Finally the data of 59 subjects were obtained,
including 28 in the low FCR group and 31 in the high FCR group. 

No statistically signi�cant differences were revealed in age, education level, yearly family income, time
since cancer diagnosis, TNM staging and cancer treatment received between high FCR group and low
FCR group. The statistics of demographic variables and clinical characteristics were shown in Table 1.

Table 1 Comparison of demographic and clinical characteristics between low FCR group and high FCR
group
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  Low FCR
(n=28)

High FCR
(n=31)

χ2
Value

P Value (two-
tailed)

Age     6.065 0.054

<30 0(0%) 0(0%)    

30≤Age<40 3(10.71%) 6(19.36%)    

40≤Age<50 19(67.86%) 11(35.48%)    

Age≥50 6(21.43%) 14(45.16%)    

Education level     0.797 0.671

junior high school 10(35.71%) 8(25.81%)    

High school 8(28.58%) 9(29.03%)    

University 10(35.71%) 14(45.16%)    

Yearly family income(RMB)     5.070 0.151

<50,000 3(10.71%) 0(0%)    

50,000≤income<100,000 10(35.71%) 8(25.81%)    

100,000≤income<300,000 8(28.58%) 9(29.03%)    

≥300,000 7(25%) 14(45.16%)    

Time since cancer diagnosis     2.156 0.190

Time<2 years 12(42.86%) 17(54.84%)    

2years≤ time< 5years 12(42.86%) 13(41.95%)    

5years≤ time<10years 3(10.71%) 1(3.23%)    

≥10 years  1(3.57%) 0(0%)    

TNM staging     0.594 0.897

I 5(17.86%) 6(19.36%)    

II 21(75%) 24(77.42%)    

III 2(7.14%) 1(3.23%)    

IV 0(0%) 0(0%)    

Cancer treatment received     1.725 0.614

mastectomy 27(96.43%) 27(87.10%)    

Conservative therapy             0(0%) 1(3.23%)    
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  Low FCR
(n=28)

High FCR
(n=31)

χ2
Value

P Value (two-
tailed)

Mastectomy+ breast
construction

1(3.57%) 3(9.67%)    

 Group differences in ReHo

The ReHo value in the high FCR group in the left caudate nucleus was higher than those in the low FCR
group. The ReHo value in the high FCR group in the right precuneus lobe was lower than those in the low
FCR group (p < 0.01). The speci�c results were shown in Figure 1 and Table 2.

Table 2 ReHo differences between high FCR group and low FCR group 

Brain region BA MNI coordinate t value Number of voxels(mm3)

x y z

left caudate nucleus 47 -12 21 -27 4.548 99

right precuneus lobe 7 21 -78 36 -5.230 93

Note. MNI = Montreal Neurological Institute. BA=Broadmann GRF corrected: p < 0.01, Z > 2.32

Group differences in VMHC

According to ANOVA analysis, there were signi�cant VMHC differences in the posterior cerebellar lobe,
superior frontal gyrus, inferior frontal gyrus, superior occipital gyrus, inferior parietal lobule and middle
frontal gyrus between groups. 

Relative to low FCR group, high FCR patients displayed signi�cant increased VMHC in the posterior lobe
of cerebellum, middle frontal gyrus and inferior frontal gyrus, and decreased VMHC in the superior
occipital gyrus and inferior parietal lobule (Table 3 and Figure 2).

Table 3 VMHC differences between high FCR group and low FCR group
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Brain regions BA MNI coordinate t value Number of voxels(mm3)

x y z

Right posterior cerebellar lobe   57 -60 -39 3.768 102

Left posterior cerebellar lobe   -36 -81 -42 3.690 98

Right superior frontal gyrus 9 12 27 -24 3.400 84

Left superior frontal gyrus  9 -12 27 -24 3.400 84

Left inferior frontal gyrus 13 -36 18 18 3.851 95

Right inferior frontal gyrus 13 36 18 18 3.851 90

Left superior occipital gyrus 19 18 -75 30 -3.103 109

Right superior occipital gyrus 19 -18 -75 30 -3.103 109

Left inferior parietal lobule 40 -42 -33 24 -4.045 87

Right inferior parietal lobule 40 -42 -33 24 -4.045 94

Left middle frontal gyrus 6 -9 0 48 3.166 80

Right middle frontal gyrus 6 15 -9 51 3.452 81

Note. MNI = Montreal Neurological Institute. BA: Broadmann (GRF corrected: p<0.01, Z > 2.32).

Correlations results

The left caudate nucleus was negatively correlated with FCR (p < 0.05), and the correlation coe�cient
was -0.501. The right precuneus lobe was positively correlated with FCR scores (p < 0.05), and the
correlation coe�cient was 0.505 (Figure 3). Besides, VMHC in bilateral superior occipital gyrus was
positively correlated with the total score of FCR (p < 0.05), and the correlation coe�cient was 0.438
(Figure 4).

Disscussion
To our knowledge, this is the �rst study to explore the functional changes of regional brain areas in breast
cancer survivors with fear of cancer recurrence based on ReHo and VMHC values. ReHo analysis
suggests that the brain regions with signi�cant differences between the two groups are mainly the
caudate nucleus and precuneus. As a multidimensional emotion characteristic, FCR brought about the
enhancement of the temporal consistency of neuronal activity in the left caudate nucleus and the
decrease of the temporal consistency of neuronal activity in the right precuneus. Furthermore VMHC
results indicates that there was a signi�cant difference in the signal activity and functional connectivity
of the two groups in the posterior cerebellar lobe, the superior frontal gyrus, the orbital part, the inferior
frontal gyrus, the occipital gyrus, the inferior parietal lobule and the frontal middle gyrus.
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ReHo is considered as a data-driven method with high test-retest reliability [19]. This method could
measure the instantaneous changes of spontaneous behavior of neurons in local brain area one by one
while avoiding the interference of confounding factors of different task paradigm. This study reveals that
ReHo value of the left caudate nucleus of breast cancer survivors with high FCR was increased. As an
important structure of striatum, caudate nucleus is a key constituent unit of basal ganglia, which plays
an important role in reward response [20]. Caudate has non-speci�c responses to various emotional
stimuli, such as responding to reward events or signals, but not to signals without reward. Therefore, it
has been considered that the caudate nucleus is an important region to ensure that individuals can
respond �exibly to the environment [21]. Additionally, the researchers found that the caudate nucleus
plays a crucial role an important component of the emotional regulation circuit in the formation of the
neural regulation circuit of cortex-striatum-globus pallidus-thalamus. This circuit cooperates with the
limbic system-prefrontal circuit to cooperate with the regulatory mechanism to deal with external positive
or negative stimuli. Therefore, if the related functions and structures of caudate nucleus are abnormal, it
could lead to the disorder of the whole emotion regulation system and the occurrence of negative
emotion [22]. Similar results were obtained in fMRI experiments of animals that the caudate nucleus
affected emotional decision-making and pessimism, and the abnormal activity of the caudate nucleus
may interfere with dopamine activity to some extent [23]. Therefore, dysfunction and abnormal activity of
caudate nucleus may lead to increased sensitivity to cancer related emotional stimuli for breast cancer
survivors in their daily life, which easily led to more FCR.

Meanwhile, the right precuneus was found to be a brain region with signi�cant differences between the
two groups in the study. As an important part of the default network of the brain, precuneus is distributed
in the inner range of the parietal lobe. It is the constituent node of DMN with the most active brain area of
neurons in the resting state, and is related to cognitive function, working memory and emotional
processing [24, 25]. Our study found that the ReHo value of the right precuneus in patients with high FCR
was higher than that in patients with low FCR, and there was a signi�cant positive correlation with FCR.
As the key brain region of DMN, if the functional synergy between precuneus and other brain regions of
DMN is weakened, it will interfere with the functional synergy (or resource allocation) within DMN and
between DMN and other brain networks, resulting in the fear of cancer recurrence.

It is noteworthy that ReHo method only re�ects the functional connection of local brain tissue and cannot
evaluate the abnormal state of function between the same hemisphere with abnormal ReHo value, VMHC
method based on voxel level could make up for the shortcoming [26]. Through rigid calibration, the latter
can make both cerebral hemispheres achieve symmetry on the anatomical level, so as to evaluate the
timing and connection degree of resting state between allovoxels in the same brain region of both
cerebral hemispheres. The results of this study suggest that there are signi�cant differences between the
two groups of breast cancer survivors who had high FCR in the posterior cerebellar lobe, superior frontal
gyrus, orbital part, inferior frontal gyrus, occipital lobe gyrus, inferior parietal lobule and middle frontal
gyrus. The VMHC values of the two groups increase in the posterior cerebellar lobe, the middle frontal
gyrus and the inferior frontal gyrus, and the VMHC values in the occipital gyrus and the inferior parietal
lobules decrease. The role of frontal lobe in emotional-cognitive activities has been con�rmed by a large
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number of studies, which is closely related to advanced cognitive activities such as emotional regulation,
working memory and executive function. The frontal lobe plays an important role in both the formation
and expression of fear and the development of fear [27, 28]. This study also found the changes of VMHC
in the frontal lobe of patients with fear of cancer recurrence, indicating the abnormal synergy of bilateral
frontal lobe function. In addition, we found that there are differences in occipital and parietal lobe
between two groups. This is consistent with the previous research �ndings that fear threat stimulation
could activate the occipital lobe and parietal lobe, and is also involved in the regulation of emotion [29].

Several limitations warrant consideration in this study. First, the sample size is relatively small, which
may affect statistical e�ciency. Second, the relationship between FCR and brain areas is limited by the
cross-sectional design in the present study, so we need to conduct intervention to examine the changes of
these brain regions in the future. Third, the causality between such functional abnormality and FCR
seems unclear.

Conclusion
This study provides a novel perspective on FCR of breast cancer survivors. Resting-State fMRI could help
us better understand the relationships of FCR and brain function of breast cancer survivors. It represents
a signi�cant improvement over the previous measurements of self-report questionnaires in the past
decades. Furthermore, clarifying the speci�c changes in brain function activities could provide the target
for evaluating the effectiveness of intervention training to reduce the fear of cancer recurrence of breast
cancer survivors in future work. 
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Figure 1

Brain regions with abnormal ReHo between high FCR group and low FCR

group. Red and blue colors denote decreased and increased ReHo. The color bars indicate the t-value.
Results were GRF corrected.
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Figure 2

Brain regions with abnormal VMHC between high FCR group and low FCR group. Red and blue colors
denote decreased and increased VMHC. The color bars indicate the t-value. Results were GRF corrected
(GRF corrected: p<0.05, Z > 1.65).
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Figure 3

Correlations between the ReHo of abnormal brain regions and FCR scores

Figure 4

Correlations between the VMHC of abnormal brain regions and FCR scores


