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Introduction
Breast cancer is one of the most common malignancies [1], and many breast cancer patients 

receive chemotherapy for treatment [2]. Numerous neuropsychological studies have shown 
cognitive impairment in breast cancer patients undergoing chemotherapy [1], a condition known as 
Chemotherapy-Related Cognitive Impairment (CRCI) or “chemo brain” [4]. CRCI is defined by the 
American Cancer Society as increasing forgetfulness, trouble with concentrating and remembering 
details, difficulty in multitasking, and need of longer time to complete tasks [5]. Structural and 
functional brain changes have been found to underlie CRCI in breast cancer patients [6,7]. In the 
first prospective longitudinal neuroimaging study of breast cancer patients, McDonald et al. [8] 
reported a reduction in gray matter density one month after chemotherapy, particularly in frontal 
regions [8]. Deprez et al. [9] reported decreases in gray matter volumes in the prefrontal cortex, 
temporal cortex, hippocampus and cerebellum, and in the fractional anisotropy, an index of white 
matter integrity, in the frontal, parietal and occipital tracts after chemotherapy [9,10].

Pain empathy is the ability to understand and experience the painful feelings of others, an 
essential component of emotional and social being [11,12]. In neuroscience research there is 
increasing attention to the psychological and neural processes of empathy [13,14]. The neural 
mechanisms of empathy can be divided into two phases. The early emotional phase is driven 
automatically by perceived pain, and the late, cognitive phase can be modulated more consciously 
with reappraisal [15]. These two aspects of empathy can be considered as affective (or pre-reflective) 
and cognitive (reflective) empathy [16]. Affective empathy is associated with the activation of in 
frontoparietal, temporal, and subcortical regions that support movement, sensation, and emotion, 
whereas cognitive empathy is associated with activity of the neural circuits of cognitive control and 
decision making, including the cingulate, prefrontal and temporal regions [17].

Many studies of pain empathy have employed human body images, such as acupunctured 
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Abstract
Purpose: To investigate the potential effects of chemotherapy on pain empathy in breast cancer 
patients and the neural correlates in an Event-Related Potentials (ERP) study.

Methods: Twenty-two breast cancer patients were evaluated with a pain empathy task during 
recording of ERP before and after chemotherapy. Pictures depicting people in pain or in neutral 
emotions were presented to the participants, who were to determine whether the person felt pain 
(pain task) or to identify the affected side of the body part (laterality task).

Primary Outcome: Compared to the baseline (before chemotherapy), patients showed lower scores 
in empathic concern and higher scores in personal distress on the Chinese version of Interpersonal 
Reactivity Index (IRI-C) after chemotherapy. In both pain and laterality tasks, there was no 
significant differences in the response time before and after chemotherapy. However, patients 
showed a lower accuracy rate after than before chemotherapy. Further, the peak amplitude of N1 
and P2 was significantly higher and lower, respectively, after as compared to before chemotherapy.

Results: The results suggested pain empathy impairment in chemotherapy-treated breast cancer 
patients. The deficits may be related to altered N1and P2 components of the ERP.

Implications for Cancer Survivors: These findings provide helpful information with substantial 
positive consequences for breast cancer survivorship, and add to the literature of chemotherapy-
induced cognitive impairment in breast cancer.
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hands, because they are relatively clear and easy to understand 
[18,19]. Images of limb pain activated sensorimotor areas, where 
as painful facial responses activated more strongly the midline 
frontal and parietal cortex as well as the amygdala [18]. Recording 
of Event-Related Potentials (ERP) has been used to study the neural 
mechanisms of brain responses during exposure to images of 
individuals in pain [20,21]. Previous ERP studies of pain perception 
have associated N1 with the early stage of sensory processing and P2 
with recognition and processing of stimulus features [23]. Compared 
with hearing others' neutral voices, hearing others' voices of pain 
elicited more positive frontal-central N1 and N2 responses [24].

Emotional regulation requires process of changing one's 
emotions to maintain a priority emotional state [25]. Emotional 
regulation impairment in breast cancer patients can persist for 
several years after chemotherapy [26,27] and lead to elevated levels of 
depressive symptoms and decreased quality of life [28-30]. Emotional 
distress may reduce treatment adherence [31] and even increase the 
risk of disease progression and death [27,32]. It is thus important to 
understand how chemotherapy influences multiple dimensions of 
emotional processing, including empathy, in breast cancer patients.

On the other hand, there is little research on empathy processing in 
breast cancer patients. No studies to our knowledge have investigated 
the neural processes of pain empathy in breast cancer patients. Here, 
we addressed this gap in research in an electrophysiological study of 
22 breast cancer patients by combining ERP and an empathy task.

Materials and Methods
Subjects and neuropsychological tests

Twenty-two female patients with breast cancer were recruited 
from the Second Affiliated Hospital of Anhui Medical University, 
Hefei, China, and were hospitalized from January to October, 2018 
in the Department of Oncology. All study procedures were approved 
by the Research Ethics Committee of the Affiliated Second Hospital 
of Anhui Medical University (protocol 20131028). After receiving 
a detailed explanation of the study, all subjects signed informed 
consents in accordance with the Helsinki Declaration and the 
research protocol.

The participants ranged in age from 40 to 65 years (mean ± SD 
= 50.2 ± 6.0). All were diagnosed with stage II through IV breast 
cancer and treated with standard chemotherapy regimens. Patients 
with the following conditions were recruited: (1) To complete at least 
6 cycles of chemotherapy; (2) age ≥ 18 years; (3) no impairment of 
vision, hearing, intelligence, or language; (4) no use of psychotropic 
medications; (5) no history of neurological or psychiatric illnesses; (6) 
no primary or secondary brain tumor or history of head injury; (7) no 
abuse of alcohol or use of illicit drugs; (8) Normal daily life activities, 
as estimated by the Karnofsky Performance Status (KPS) score ≥ 80.

All subjects participated in neuropsychological tests before and 
following chemotherapy. Digit Spans Tests (DST) were commonly 
used to quantify the capacity of verbal memory. DST consisted 
of forward (repeating digits in the order shown) and backward 
(repeating digits in reverse order as they were displayed) conditions, 
and probed short-term verbal memory [33]. Verbal Fluency Test 
(VFT) has frequently been used to evaluate the executive functions 
both in clinics and research [34,35]. Subjects were asked to name all 
of the vegetables and fruits they could as quickly as possible within 30 
sec in this study.

All subjects were evaluated with Chinese version of Interpersonal 
Reactivity Index (IRI-C), a test widely used to assess empathy [36-38] 
both before and following chemotherapy.

Empathy detection paradigm
A total of 120 pictures to indicate a painful or neutral bodily 

state (all without showing faces) were used for the pain empathy 
task. The photos were divided into 30 cases, each consisting of four 
specific images: 1) Left body part in a pain state; 2) left body part in a 
neutral state; 3) right body part in a pain state; and 4) right body part 
in a neutral state. Images of pain depicted events that may occur in 
everyday life. All pictures were matched in brightness and frequency 
of occurrence [39] (Figure 1A).The pain empathy task was conducted 
in two consecutive blocks – pain and laterality task – counter-balanced 
in order across subjects. In the pain task block, the subject was asked 
to determine if the person in the picture felt pain. In the laterality task 
block, the subject was required to determine the laterality of the body 
part in the picture. Each block included 120 trials (60 pains and 60 
matched neutral images). Each trial started with a fixation cross and 
then a blank screen for 400 ms. Next, the picture was shown for 1000 
ms, followed by a blank screen that allowed the subject to respond 
as quickly and accurately as possible (Figure 1B). All pictures were 
randomly presented and the same pictures were used in both blocks. 
Before the experiment, participants practiced on the tasks for 20 trials 
with a different set of images. Participants were given a short break in 
between the two blocks [37].

ERP recording and analysis
According to the extended International 10/20 system, the 

electroencephalography (EEG) data were recorded via. 64 tin 
electrodes placed on the scalp using a Neuroscan recording system 
(NeuroScan, Sterling, VA, USA). The reference electrode was placed 
at the left mastoid of the subject. And the vertical and horizontal 
Electrooculograms (EOG) were collected using four electrodes, with 
vertical EOG recorded on the supraorbital and suborbital regions of 
the left eye and horizontal EOG on the left versus right orbital rim. All 
electrode impedances were maintained below 10 kΩ. EEG and EOG 
activities were amplified with 0.01 Hz to100 Hz band-pass filtering 
and continuously sampled at 1,000 Hz. De-artifact processing was 
performed on waveforms with amplitudes greater than ± 100 μV. In 
epoch of analysis we focused on the data from 200 ms before to 1,000 
ms after onset of image presentation.

We performed offline processing of the data as implemented in 
Neuroscan editing system. Based on the averaged potential of each 
task condition, the time windows for peak values analysis of N1 and 
P2 were established. The window was 50 ms to 150 ms for N1, 150 ms 
to 200 ms for P2. The FZ, FCZ, CZ (2 frontal and 1 central electrodes) 
were selected for statistical analysis of the ERPs. Greenhouse-Geisser 
correction was used to correct the P values.

Statistical analysis
The Statistical Package for Social Sciences (SPSS) (version 16.0) 

was employed for statistical analysis. Student's t-tests were used to 
analyze continuous variables such as age and years of education. 
Paired-sample t-tests were used to assess group differences in 
neurocognitive test and Chinese IRI subscale scores before and after 
chemotherapy. The reaction time and accuracy rate of pain and 
laterality tasks were submitted to repeated-measures Analyses of 
Variance (ANOVAs) with time point (before vs. after chemotherapy), 
task (laterality vs. pain task) and valence of stimulus(neutral vs. pain) 
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as within-subject factors. For the peak values of the two component 
ERP, ANOVAs were conducted with-subject effects of time point 
(before vs. after chemotherapy), task (laterality vs. pain task) and 
valence of stimulus (neutral vs. pain) as well as electrodes (FZ vs. FCZ 
vs. CZ). Statistical significance was defined at a level of P<0.05.

Results
Clinical characteristics and neuropsychological tests

The participants ranged from 40 to 65 years with a mean ± SD 
of 50.2 ± 6.0 years in age. The participants had a mean ± SD of 7.1 
± 3.0 years of education. Participants averaged 85.7 ± 6.0 in KPS 
(Karnofsky Performance Status) score. Participants received 8.4 ± 2.1 
cycles of chemotherapy with EC4-wP4 (10), EC4-wP7 (3), EC4-wP9 
(2), TEC × 7 (3), and (CTX+DOX) × 6 (4). (EC: Cyclophosphamide 
+ epirubicin, P: Paclitaxel, W: Weekly; TEC: paclitaxel+ pirarubicin+ 
cyclophosphamide; CTX: Cyclophosphamide; DOX: doxorubicin).

As shown in Table1, participants performed similarly in Digit 
Span Forward (t=1.821, p=0.083) and Verbal Fluency test (t=0.388, 
p=0.702) before and after chemotherapy. Patients showed lower 
scores in Digit Span Backward test after as compared to before 
chemotherapy (t=2.134, p=0.045).

In the IRI-C, patients performed similarly on fantasy (t=1.593, 
p=0.126) and perspective taking (t=1.501, p=0.148) before and after 
chemotherapy. After as compared to before chemotherapy, patients 
scored lower on empathic concern (t=3.039, p=0.006) and higher 
scores in personal distress (t= -2.324, p=0.030) (Table 2).

Picture assessments and behavioral results
The behavioral data, including the Reaction Time (RT) and 

the Accuracy Rate (AR), are shown in Table 3 and the statistics 
of ANOVA are shown in Table 4. There was no significant time × 
stimulus (neutral vs. pain) × task (pain vs. laterality) interaction 
for AR (F=0.589, P=0.448). There was a significant main effect of 
group (BC vs. AC) in AR (F=9.943, P=0.005), with patients before 
chemotherapy showing higher scores than after chemotherapy. 
For the AR, both task (F=9.678, p=0.005) and stimuli (F= 10.845, 
p=0.003) main effects were significant, with higher AR in laterality 
task vs. pain task and lower AR for pain vs. neutral stimuli. For the 
RT, there was no statistical significance (F=0.543, p=0.469) before and 
after chemotherapy. There was a significant task (F=15.540, p=0.001) 
main effect, but not two-way or three-way interaction effects.

ERP
As shown in Figure 2, the peak amplitude of the N1 component 

was significantly higher after than before chemotherapy (F (1.21) 
=38.091, P<0.001). There was a significant time point (before vs. after) 
× stimulus (neutral vs. pain) × task (pain vs. laterality) interaction 
(F=5.169, P=0.035) and a significant time point (before vs. after) × 
stimulus (neutral vs. pain) interaction (F=11.056, P=0.004) for the 
N1.

The peak amplitude of the P2 component was significantly lower 
after than before chemotherapy (F=15.046, P=0.001). The main effect 
of the stimulus was significant (F=4.889, P=0.039), with the pain 
stimulus evoking a higher P2 peak compared to neutral stimulus.

The two components did not show other main effects and 
interaction effects.

Discussion
Empathy, the ability to understand other people's emotions, is 

achieved by observing and sharing experiences. The present study 
examined changes in pain empathy in breast cancer patients before 
and after chemotherapy by using the Chinese version of Interpersonal 
Reactivity Index and an empathy detection task with concurrent 

Figure 1: Empathy detection task. A) Examples of pain and neutral stimuli used in study; (B) Timing of stimulus presentation.

 N VFT DSF DSB 

Before 22 12.27 ± 2.69 7.91 ± 0.29 4.82 ± 1.56

After 22 12.13 ± 2.47 7.64 ± 0.58 4.18 ± 1.22*

Table 1: The performance of neuropsychological test before and after 
chemotherapy.

Note: VFT: Verbal Fluency Test; DSF: Digit Span Forward; DSB: Digit Span 
Backward; *P<0.05. All values are mean ± SD

PT FS EC PD

Before 9.68 ± 3.80 10.14 ± 3.75 11.68 ± 3.64 9.05 ± 4.21

After 9.05 ± 3.46  9.64 ± 2.80  10.27 ± 2.66*  10.14 ± 4.10*

Table 2: Chinese version of Interpersonal Reactivity Index before and after 
chemotherapy.

Note: PT: Perspective Taking; FS: Fantasy; EC: Empathic Concern; PD: 
Personal Distress; *P<0.05. All values are mean ± SD

Outcome Time point
Laterality Task Pain Task

Neutral Pain Neutral Pain

AR (%)
Before 96 ± 5 0.92 ± 0.05 0.90 ± 0.09 0.81 ± 0.14

After 0.93 ± 0.11 0.88 ± 0.12 0.91 ± 0.08 0.78 ± 0.17

RT (ms)
Before 644 ± 47 643 ± 45 650 ± 79 664 ± 35

After 627 ± 43 629 ± 46 670 ± 45 654 ± 68

Table 3: Accuracy Rate (AR) and Reaction Time (RT) in the empathy task before 
and after chemotherapy.

Note: All values are mean ± SD
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recording of ERP. Patients after chemotherapy showed significantly 
lower scores in Digit Span Backward test, lower empathic concern 
and higher personal distress as compared to the baseline. During 
pain and laterality judgments in the empathy task, patients showed 
lower accuracy rate for pain as compared to neutral images and lower 
accuracy rate for both pain and neutral blocks after chemotherapy 
treatment. The ERP study indicated that the peak amplitude of the N1 
was significantly higher while the peak value of the P2 was significantly 
lower after chemotherapy as compared to before chemotherapy.

These findings support impairment of cognitive function and 
pain empathy among breast cancer patients following chemotherapy. 
Previous studies have demonstrated that Chemotherapy-Related 
Cognitive Impairment (CRCI) is associated with dysfunction of the 
prefrontal cortex and temporal cortex, including the hippocampus 
[8-10]. Imaging studies suggest that pain empathy is related to the 
activation of the frontoparietal, temporal, and subcortical regions 
[16,17,40-42]. It is possible that pain empathy impairment may be 
related to chemotherapy-elicited functional alterations of these 
cortical and subcortical structures in breast cancer patients.

The ERP results revealed significant changes in N1 and P2 
components after chemotherapy. The N1 component is related to the 
early stage of emotional perception [37] and visual selective attention 
[43]. The elevation of N1 peak after chemotherapy may be related to 

the need of the patients to invest more cognitive resources in emotion, 
attention and visual perception.

Previous studies have shown that the P2 component is associated 
with recognition and processing of stimulus features [44,45]. Breast 
cancer patients showed a significant decrease in P2 amplitude, 
suggesting that the recognition and processing of stimulus pictures 
are hindered, after chemotherapy. The main effect of the stimulus 
on P2 was significant, which indicated that pain as compared to 
neutral stimuli evoked greater P2 amplitude, consistent with previous 
studies [46]. As a special physiological experience, pain is of critical 
significance to human survival. When facing neutral and painful 
stimuli, individuals tend to be more sensitive to painful stimuli and 
exhibit higher emotional arousal at the sight of pain in others [47].

Together, the current results suggested that pain empathy was 
impaired in breast cancer patients following chemotherapy. The 
study thus provided direct evidence that empathy impairment was 
part of CRCI in breast cancer. As CRCI could persist for months to 
years after chemotherapy and negatively impact cognitive aging and 
quality of life [30,48], more studies are warranted to examine other 
dimensions of emotional deficits in cancer survivors. In particular, 
deficits in emotion regulation may affect psychological health, and 
exacerbate depression and anxiety [49] and interpersonal functioning 
[50]. Deficits in pain empathy may influence emotion regulation and 
social interaction in breast cancer survivors.

It should be noted that the present study comprised just a 
small sample of subjects. Thus, the findings should be considered 
as preliminary. Future research with a larger sample size and a 
longitudinal design and perhaps in combination with brain imaging 
would help replicating the findings and evaluate the neural bases as 
well as the clinical impact of pain empathy impairment.

In summary, the present study demonstrated empathy impairment 
in breast cancer patients after chemotherapy. The findings extend the 
list of chemotherapy-induced cognitive and affective dysfunction in 
breast cancer.
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