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Abstract

Background
The hepatotoxicity and cardiotoxicity caused by neoadjuvant chemotherapy (NAC) are of increasing concern
to clinicians in breast cancer (BC) patients. The aim of this study was to investigate the prevalence of
chemotherapy-associated steatohepatitis (CASH), quantitate the epicardial adipose tissue (EAT) volume in BC
patients, and explore the correlations of these parameters with blood lipid levels in BC patients who received
NAC.

Methods
From October 2018 to April 2020, BC patients were retrospectively reviewed. Clinical and laboratory data were
collected. The patients were divided into BC-non-NAC group and BC-NAC group (BC-NAC subgroups 1 ~ 4
according to the number of NAC cycles). The prevalence of CASH was evaluated using quantitative MRI
mDIXON-Quant examinations, from which the proton density fat fraction (PDFF) was assessed. The EAT
volume was quanti�ed on chest CT by semi-automatic volume analysis software. Pearson correlation
coe�cients were calculated for the associations among PDFF values, EAT volumes and blood lipid levels.

Results
A total of 662 women (BC-non-NAC group: 445 patients; BC-NAC group: 217 patients) were included. The
prevalence of CASH in BC-NAC group was signi�cantly higher than the prevalence of hepatic steatosis in the
BC-non-NAC group (42.8% vs. 33.3%, p < 0.001). As the number of NAC cycles increased, the prevalence of
CASH increased in the BC-NAC subgroups (p = 0.034). EAT volume was measured in 561 of 662 BC patients,
and was signi�cantly higher in the BC-NAC group than in the BC-non-NAC group (137.26 ± 53.48 ml vs. 125.14 
± 58.77 ml, p = 0.020). A moderate positive correlation was observed between the hepatic PDFF value and EAT
volume (r = 0.411, p < 0.001), and these parameters were also positively correlated with triglycerides in the BC-
NAC group (r = 0.386, p = 0.004; r = 0.338, p < 0.001, respectively).

Conclusions
NAC signi�cantly increased the prevalence of CASH and EAT volume and there was signi�cant positive
correlation among the hepatic PDFF value, EAT volume and triglycerides, which indicate the abnormal lipid
metabolism caused by NAC may be another pathway to induce cardiovascular disease in BC patients.

Background
Breast cancer (BC) has the highest incidence among cancers affecting women worldwide [1]. Neoadjuvant
chemotherapy (NAC) has been established as a standard treatment of care for most BC, due to its ability to
downstage, reduce metastasis, detect drug sensitivity, and improve the possibility for breast-conserving
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therapy [2]. With the wide application of NAC, the hepatotoxicity [3] and cardiotoxicity [4, 5] caused by
chemotherapeutic drugs have been given more attention by clinicians.

The ability of many chemotherapeutics to cause steatohepatitis has become more evident coining the term
chemotherapy-associated steatohepatitis (CASH) [6–8]. CASH is characterized by a typical pathological
model of lipid accumulation in hepatocytes, often accompanied by oxidative stress and in�ammatory events,
involving secondary cell types [7]. Although CASH is considered reversible, it will persist for a long time after
chemotherapy [9]. Therefore, it is important to identify CASH and reinforce monitoring during treatment [8, 10].
Core biopsy combined with semiquantitative histologic grading is the gold reference for determining hepatic
fat content [11]. However, invasiveness, sampling error, observer dependence and spatial heterogeneity [12]
have weakened the role of liver biopsy in monitoring and clinical research. A noninvasive magnetic resonance
imaging (MRI) mDIXON-Quant sequence is capable of measuring the proton density fat fraction (PDFF) [13],
which provides a measure of tissue triglyceride concentration and is increasingly accepted as an imaging
biomarker to quantify liver fat content [14].

BC patients who receive cardiotoxic chemotherapy agents (such as anthracycline, cyclophosphamide and
trastuzumab etc) have a signi�cantly increased incidence of cardiovascular disease (CVD) [15–17]. Early
identi�cation of the appearance of cardiovascular alterations in BC patients during NAC could help tailor
cancer treatment through the adoption of preventive or intervention measures [18]. Alterations in epicardial
adipose tissue (EAT) volume are associated with coronary artery plaque development and myocardial
ischemia, increased coronary calcium and an increased incidence of cardiovascular adverse events [19]. It
turned out to provide incremental prognostic value over coronary artery calcium scoring [20]. Owing to its high
spatial resolution and true volume coverage of the entire heart, CT is currently the preferred method to
determine EAT volume [21]. To our knowledge, in BC patients, the pattern of changes in EAT volume after
received NAC has not been reported.

CASH is a special type of nonalcoholic fatty liver disease (NAFLD). NAFLD is one of the major driving forces
for CVD and is recognized as an independent risk factor, that confers signi�cant morbidity and mortality in
this population [22, 23]. Clinical and epidemiological studies [24–26] have con�rmed the role of NAFLD in the
development of different CVD manifestations, such as atherosclerotic CVD, left ventricular dysfunction,
cardiac conduction system abnormalities and ischemic stroke. However, it is not well understood in BC
patients received NAC, if CASH leads to a high risk for cardiovascular events or whether cardiovascular risk
varies across the spectrum of CASH.

Therefore, the �rst endpoint of our study was to quantify liver fat content by MRI mDIXON-Quant examinations
to identify the prevalence of CASH, and measure the EAT volume on chest CT by semi-automatic volume
analysis software to explore the pattern of changes in BCpatients after received NAC. The second endpoint
was to investigate the correlations among the hepatic PDFF value, EAT volume and blood lipid levels.

Methods

Study Population
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This study was approved by the ethics committee of the hospital (No.: CZLS20200215-A). The requirement for
written informed consent was waived for this retrospective study. Clinical records were reviewed for 863
patients who had con�rmed breast lesions and underwent MRI mDIXON-Quant examinations of the liver
between October 2018 and April 2020. Patients were included if malignant breast lesions were histologically
con�rmed. According to whether they had received NAC treatment, the patients were divided into BC-non-NAC
group and BC-NAC group. Next, patients were excluded if other potential causes of chronic liver disease were
identi�ed, including hepatitis B/C virus, liver metastases, hypothyroidism, alcohol use (> 30 g/week), and other
malignant tumors. For the BC-NAC group, patients who were receiving antineoplastic therapy other than NAC
therapy were further excluded. Finally, 662 BC patients (445 patients in the BC-non-NAC group and 217
patients in the BC-NAC group) were included for MRI-PDFF measurement and analysis.

Then, among the 662 BC patients, we screened out patients who simultaneously had undergone chest CT
within one week with liver MRI examinations. Patients were excluded if the software failed to detect the
epicardial contour. Finally, 561 BC patients (383 patients in the BC-non-NAC group and 178 patients in the BC-
NAC group) were included for CT-EAT volume measurement and analysis. The details are demonstrated in
Fig. 1.

Clinical and Laboratory Data
The clinical data included age, body mass index (BMI), menstruation state, and diagnosis of hypertension and
type 2 diabetes mellitus. The histopathological diagnosis data obtained before NAC treatment were retrieved
from the hospital’s electronic medical records. The laboratory data included alanine aminotransferase (U/L),
aspartate aminotransferase (U/L), direct bilirubin (µmol/L), indirect bilirubin (µmol/L), total protein (g/L),
albumin (g/L), creatinine (µmol/L), urea (mmol/L), serum iron (µmol/L), cholesterol (mmol/L), triglycerides
(mmol/L), high-density lipoprotein (mmol/L), and low-density lipoprotein (mmol/L). Blood samples were
collected from all subjects before 10 AM after a 12 h overnight fast. All laboratory tests were performed on the
same day using standard laboratory methods before treatment.

NAC Protocol
The treatment protocol followed the National Comprehensive Cancer Network guidelines [27]. All patients
received 4 cycles, 6 cycles, or 8 cycles of NAC prior to breast surgery. The NAC regimens were taxane-based,
anthracycline-based, or anthracycline and taxane-based. We recorded the number of NAC cycles concomitant
with liver MRI examination. Based on the number of cycles of NAC, the BC-NAC group patients were divided
into four subgroups: subgroup 1 (1 ~ 2 cycles), subgroup 2 (3 ~ 4 cycles), subgroup 3 (5 ~ 6 cycles) and
subgroup 4 (7 ~ 8 cycles).

Liver MRI mDIXON-Quant Sequence Protocol
All patients underwent liver mDIXON-Quant MRI in a 3.0 T scanner (Ingenia 3.0T, Philips Healthcare, Best,
Netherlands) with a 16-channel breast coil, a 3-dimensional fast-�eld-echo sequence with multiple echoes was
used for the signal acquisition, and the water, fat, T2*, and fat fraction images were generated in real-time on
the MR scanner console. The scanning parameters were as follows: TR, 5.6 ms; 6 echoes with the �rst TE of
0.97 ms and a TE step size of 0.7 ms; FOV, 400 × 350 × 210 mm3; FA, 3°; resolution, 2.5 × 2.5 × 3.0 mm3;
SENSE, AP, 2, FH, 1; NSA, 1; and scan time, 14 s.
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Liver Fat Quanti�cation
The hepatic PDFF values were respectively measured and recorded from six regions of interest (ROIs) in two
transverse sections through the �rst hepatic portal vein and below the second portal vein in the fat fraction
image (Fig. 2). All ROIs were distributed in the hepatic parenchyma, and the biliary, vascular, and extrahepatic
structures were excluded. The area of each ROI was approximately 300 mm2. On the basis of previous study
[28], the following threshold values for PDFF were used for diagnosis: < 5.0%, grade 0 (no fat content); 5.0% ~
14.0%, grade 1 (mild fat content); 14.0% ~ 28.0%, grade 2 (moderate fat content); and > 28.0%, grade 3 (high
fat content).

Chest CT Image Acquisition Protocol
Image data were acquired on a 2.5 generation dual-source CT unit (SOMATOM Drive, Siemens Healthineers,
Forchheim, Germany). Non-contrast CT images for analysis of EAT volume were acquired (90 kV tube voltage,
185 mAs tube current). Automatic exposure control (CARE Dose 4D, Siemens Healthineers) was used in all
scans. The settings for the scanners were as follows: collimation, 128 × 0.6 mm; rotation time, 0.5 s;
reformatted section thickness, 1.5 mm; reformatted section increment, 1.5 mm.

Analysis of EAT Volume
The EAT volume was measured on non-contrast chest CT images by using dedicated semi-automatic volume
analysis software (Cardiac Risk Assessment Prototype, Siemens Healthineers, Forchheim, Germany). The
reader was blinded to the patient characteristics and clinical data. All data sets were checked for coverage of
the entire epicardial sac. First, the upper and lower limits of the pericardial sac were identi�ed by the reader
de�ned as the bifurcation of the pulmonary trunk and, respectively, the slice caudal to the posterior
descending artery. Second, the contour of the pericardial sac was automatically traced and adjusted by the
reader, if necessary (Fig. 3). Finally, the EAT volume (ml) was automatically calculated by the inclusion of
contiguous 3D voxels with CT attenuations between − 190 to -30 HU in the volume of interest as this is a
threshold commonly used for EAT volume analysis in non-contrast scans [29].

To ensure the PDFF and EAT reproducibility, we randomly selected 30 patients to assess interobserver
agreement (Y.C.T., with 11 years of experience, and L.W., with 6 years of experience) and 30 patients to assess
intraobserver agreement (Y.C.T), respectively. The 6 ROIs of PDFF measurements and EAT analysis were
repeated twice, with an interval of at least 1 month, following the same procedure. Intraclass correlation
coe�cients (ICCs) were utilized to evaluate inter- and intraobserver agreement of the PDFF value and EAT
volume.

Statistical analysis
Statistical analyses were performed using commercially available statistical software (SPSS software, version
25.0; Armonk, US). Descriptive statistics are summarized as the mean ± standard deviation. Categorical
variables are expressed as numbers (percentages) and were calculated by the χ2 test or Fisher's exact test. For
binary analysis, parametric data was compared using t-test, non-parametric data were compared using the
Mann-Whitney U test for continuous variables between the BC-non-NAC group and BC-NAC group. One-way
ANOVA with Tukey’s post hoc test (normally distributed data) and the non-parametric Kruskal-Wallis H test
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(non-normally distributed data) were performed among BC-NAC subgroups. Correlations among laboratory
data, number of cycles of NAC, PDFF value and EAT volume were assessed using Pearson correlation. The
level of signi�cance was de�ned as p < 0.05.

Results

Clinical and Laboratory Data Characteristics
Finally, 662 BC patients were included for MRI-PDFF analysis in the study: 445 patients (mean age 51.89
years, range: 26 ~ 82 years) in the BC-non-NAC group and 217 patients in the BC-NAC group (mean age of
50.78 years, range: 21 ~ 71 years). In addition, 561 BC patients who had simultaneous chest CT scans were
included for CT-EAT volume analysis, 383 patients in the BC-non-NAC group and 178 patients in the BC-NAC
group.

The demographics, comorbidities, lesion type and serum laboratory values for 662 BC patients are
summarized in Table 1. There were no signi�cant differences in age, BMI, diagnosis of hypertension and
diabetes mellitus or BC pathological type between the two groups. The alanine and aspartate
aminotransferase levels were higher in the BC-NAC group than in the BC-non-NAC group (both p < 0.001). The
levels of indirect bilirubin, total protein, serum iron (all p < 0.001), albumin (p = 0.001) and high-density
lipoprotein (p = 0.018) were lower in the BC-NAC group than in the BC-non-NAC group.
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Table 1
Demographics, comorbidities, lesion type and serum laboratory values for 662 breast

cancer patients strati�ed by NAC treatment
Variable BC-non-NAC group

(n = 445)

BC-NAC group

(n = 217)

p value

Demographics      

Age, Mean ± SD, years 51.89 ± 10.12 50.78 ± 9.3 0.177

Body mass index (BMI, kg/m2) 24.48 ± 3.27 24.32 ± 3.33 0.524

Menstruation State      

Premenopausal 235 (52.8%) 134 (61.8%) 0.030

Postmenopausal 210 (47.2%) 83 (38.2%)  

Hypertension, n (%) 60 (13.5%) 25 (11.5%) 0.479

Diabetes mellitus, n (%) 30 (6.7%) 15 (6.9%) 0.935

Breast lesion type      

Invasive ductal/lobular carcinoma 417 209 0.543

DCIS with microinvasion 18 5  

Medullary carcinoma 3 0  

Mucinous carcinoma 5 3  

Phyllodes tumor 2 0  

Serum laboratory values (n = 435) (n = 212)  

Alanine aminotransferase (U/L) 20.26 ± 18.19 31.03 ± 24.56 < 0.001

Aspartate aminotransferase (U/L) 22.55 ± 15.25 29.01 ± 17.78 < 0.001

Creatinine (µmol/L) 51.66 ± 9.81 51.55 ± 12.20 0.903

Urea (mmol/L) 5.11 ± 1.54 4.94 ± 1.41 0.185

Direct bilirubin (µmol/L) 3.41 ± 1.46 3.09 ± 4.03 0.142

Indirect bilirubin (µmol/L) 8.51 ± 4.00 6.69 ± 3.52 < 0.001

Total protein (g/L) 74.22 ± 6.49 70.30 ± 8.15 < 0.001

Albumin (g/L) 42.71 ± 3.58 41.45 ± 5.52 0.001

Serum iron (µmol/L) 15.16 ± 6.10 12.67 ± 4.98 < 0.001

Blood lipid (n = 199) (n = 53)  

Cholesterol (mmol/L) 4.83 ± 1.10 4.59 ± 0.90 0.162
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Variable BC-non-NAC group

(n = 445)

BC-NAC group

(n = 217)

p value

Triglycerides (mmol/L) 1.51 ± 1.73 1.36 ± 0.61 0.523

High-density lipoprotein (mmol/L) 1.56 ± 0.34 1.44 ± 0.26 0.018

Low-density lipoprotein (mmol/L) 2.67 ± 0.79 2.58 ± 0.70 0.480

Note.-NAC, neoadjuvant chemotherapy; DCIS, ductal carcinoma in situ.

 

MRI-PDFF Analysis
The hepatic PDFF values of the 662 patients in the BC-NAC group and BC-non-NAC group are summarized in
Table 2. According to the PDFF values, hepatic steatosis was diagnosed in 33.3% (148 of 445 patients) of
patients in the BC-non-NAC group [mild, 31.0% (138 patients); moderate, 2.3% (10 patients)], and 42.8% (93 of
217 patients) of patients in the BC-NAC group [mild, 30.9% (67 patients); moderate, 11.5% (25 patients);
severe, 0.4% (1 patient)]. There were signi�cant differences in the prevalence of hepatic steatosis between the
two groups (p < 0.001). In the quantitative analysis, the PDFF value in the BC-NAC group was signi�cantly
higher than those in the BC-non-NAC group (6.30 ± 5.16% vs. 5.26 ± 4.67%, p = 0.009).
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Table 2
The measurement of hepatic PDFF value and EAT volume for breast cancer patients strati�ed by cycles of

NAC
Variable Non-

NAC
group

NAC
group

p
value

NAC subgroups p
value

Subgroup
1

Subgroup
2

Subgroup
3

Subgroup
4

No. of
patients with
liver PDFF
analysis

445 217   40 71 57 49  

PDFF
classi�cation

               

< 5% 297
(66.7%)

124
(57.2%)

< 
0.001

31
(77.5%)

35
(61.4%)

38
(53.5%)

20
(40.8%)

0.034

5% − 14% 138
(31.0%)

67
(30.9%)

  6 (15.0%) 10 (17.5) 18
(25.4%)

15
(30.6%)

 

14% − 28% 10
(2.3%)

25
(11.5%)

  3 (7.5%) 12
(21.1%)

15
(21.1%)

13
(26.5%)

 

> 28% 0 (0%) 1
(0.4%)

  0 (0%) 0 (0%) 0 (0%) 1 (2.1%)  

PDFF (%)                

Left liver
lobe

4.67 ± 
4.53

5.74 ± 
5.53

0.008 4.62 ± 
3.65

4.92 ± 
3.44

6.31 ± 
7.14

7.47 ± 
6.63

0.035

Right liver
lobe

5.55 ± 
4.83

6.58 ± 
5.24

0.013 5.56 ± 
3.42

5.65 ± 
3.37

6.63 ± 
5.91

9.07 ± 
6.88

0.030

Average 5.26 ± 
4.67

6.30 ± 
5.16

0.009 5.33 ± 
3.42

5.41 ± 
3.31

6.52 ± 
5.89

8.54 ± 
6.75

0.035

No. of
patients with
EAT volume
analysis

383 178   36 61 40 41  

EAT volume
(ml)

125.14 
± 58.77

137.26 
± 53.48

0.020 130.20 ± 
63.62

137.74 ± 
50.92

141.43 ± 
63.73

155.08 ± 
50.49

0.004

Note.-PDFF, proton density fat fraction; EAT, epicardial adipose tissue; NAC, neoadjuvant chemotherapy.

 

The detailed NAC regimens in each group are shown in Table 3. In the BC-NAC subgroup analysis, as the
number of NAC cycles increased, the prevalence of hepatic steatosis increased in the 4 subgroups (22.5% vs.
38.6% vs. 46.5% vs. 59.2%, p = 0.034). The PDFF value in subgroup 4 was signi�cantly higher than those in
subgroup 1 (8.54 ± 6.75% vs. 5.33 ± 3.42%, adjusted p = 0.023) (Fig. 4A). There were no signi�cant differences
among subgroups 1, 2 and 3. Moreover, the PDFF value in the right lobe of the liver was signi�cantly higher
than those in the left lobe, in the BC-non-NAC group, BC-NAC group and all NAC subgroups (all p < 0.001).
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Table 3
Details of the NAC regimens in each subgroup

  Subgroup 1

(n = 40)

Subgroup 2

(n = 57)

Subgroup 3

(n = 71)

Subgroup 4

(n = 49)

Total

(n = 217)

Taxane-based 19 27 34 16 96

Anthracycline-based 9 14 20 8 51

Anthracycline-and Taxane-based 12 16 17 25 70

Note.-NAC, neoadjuvant chemotherapy.

 

CT-EAT Volume Analysis
The EAT volumes of the 561 patients in the BC-NAC group and BC-non-NAC group are also summarized in
Table 2. The EAT volume in the BC-NAC group was signi�cantly higher than that in the BC-non-NAC group
(137.26 ± 53.48 ml vs. 125.14 ± 58.77 ml, p = 0.020). In the BC-NAC subgroup analysis, as the number of NAC
cycles increased, the EAT volume also increased in the 4 subgroups. The EAT volume in subgroup 4 was
signi�cantly higher than those in subgroup 1 (155.08 ± 50.49 ml vs. 130.20 ± 63.62 ml, adjusted p = 0.002)
(Fig. 4B). There were no signi�cant differences among subgroups 1, 2 and 3.

Correlation Analysis
The Pearson correlation coe�cients among laboratory data, cycles of NAC, PDFF value and EAT volume in the
BC-NAC group are shown in Table 4. Overall, the PDFF value was positively correlated with alanine
aminotransferase, aspartate aminotransferase, total protein, and triglycerides (r = 0.211 ~ 0.386; p < 0.001 ~ 
0.005) and was negatively correlated with high-density lipoprotein (r = -0.328, p = 0.017). The number of cycles
of NAC had a positive correlation with the hepatic PDFF value (r = 0.252, p < 0.001) and EAT volume (r = 0.259,
p < 0.001). The EAT volume was positively correlated with triglycerides (r = 0.338, p < 0.001). A moderate
positive correlation was observed between the hepatic PDFF value and EAT volume (r = 0.411, p < 0.001)
(Fig. 5).
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Table 4
Correlation analysis in the NAC group

  Correlation coe�cient (r) p value

PDFF (%)    

Alanine aminotransferase (U/L) 0.351 < 0.001

Aspartate aminotransferase (U/L) 0.211 0.002

Total protein (g/L) 0.193 0.005

Triglycerides (mmol/L) 0.386 0.004

High-density lipoprotein (mmol/L) -0.328 0.017

Cycles of NAC    

PDFF (%) 0.252 < 0.001

EAT volume (ml) 0.259 < 0.001

EAT volume (ml)    

Triglycerides (mmol/L) 0.338 < 0.001

PDFF (%) and EAT volume (ml) 0.411 < 0.001

Note.-PDFF, proton density fat fraction; EAT, epicardial adipose tissue; NAC, neoadjuvant chemotherapy.

 

Interobserver and Intraobserver Agreement
The inter- and intraobserver agreements were excellent for all measurements, with ICC values greater than
0.80. The interobserver ICC values for PDFF and EAT were 0.974 and 0.912, respectively, and the intraobserver
values were 0.986 and 0.945, respectively. Bland-Altman analysis showed that the PDFF value and EAT
volume showed both good inter- and intraobserver agreement. Interobserver: PDFF, 169/180 (93.8%), Fig. 6A;
EAT volume, 30/30 (100%), Fig. 6B; Intraobserver: PDFF, 173/180 (96.1%), Fig. 6C; EAT volume, 28/30 (93.3%),
Fig. 6D.

Discussion
In BC patients, hepatotoxicity and cardiovascular disease caused by NAC treatment are of increasing concern
to clinicians. CASH is a very common manifestation of hepatotoxicity, but it has not received much clinical
attention. In our study, we quantitatively assessed liver PDFF to determine the prevalence of CASH and found
that the prevalence in BC patients who received NAC was as high as 42.8%. Furthermore, we conducted
quantitative measurement of EAT volume and found a signi�cant increase in EAT volume in BC patients who
received NAC, indicating an increased risk for CVD in these patients. The prevalence of CASH and EAT volume
both increased as the number of NAC cycles increased, and there was signi�cant positive correlation among
the hepatic PDFF value, EAT volume and triglycerides. Our results indicate that the abnormal lipid metabolism
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caused by NAC may be another pathway to inducing CVD in BC patients, which should give more attention by
clinicians.

A strong association between PDFF and histopathological steatohepatitis has been identi�ed in previous
studies [30, 31], suggesting that MRI is a reliable tool for CASH evaluation. In our study, the prevalence of
CASH was as high as 42.8% in the BC patients who received NAC, consistent with previous study [32]. CASH is
a consequence of mitochondrial function alterations [8]. The β-oxidation of fatty acids takes place in the
mitochondria and in peroxisomes [7]. Some treatments can induce steatosis by decreasing fatty acid β-
oxidation, thus generating oxidative stress via the generation of reactive oxygen species and accumulation in
hepatocytes [33]. A previous study [34] found that there was a preferential storage of lipids in the right liver
lobe in the presence of excessive accumulation of triglycerides, which was evidenced in our study. This result
could be explained by the streamline theory of the portal vein [35].

According to statistics, the mortality rate among tumor patients who develop some cardiovascular event is
high, with values more than 60% at the time of assessment within 2 years [36]. EAT spreads between the
myocardium and visceral pericardium and is a highly metabolic and in�ammatory active visceral adipose
tissue [37]. Evidence has emerged that metabolic processes within the EAT in�uence atherosclerotic plaque
formation by inducing endothelial dysfunction, in�ammatory responses and smooth muscle cell proliferation
by endocrine and paracrine mechanisms of secreted pro-in�ammatory cytokines and adipokines [38]. Based
on fully automated EAT volume and attenuation quanti�cation analysis can provide prognostic value for
asymptomatic patients [20]. As a result of these non-invasive imaging procedures, EAT measurements are
increasingly being performed in the general population, including patients with CVD, obesity, and diabetes [39].
In our study, we measured the EAT volume in BC patients and found EAT volume increase in BC patients who
received NAC. It may indicate that the EAT volume increase is related to the cardiotoxicity caused by NAC. To
our knowledge, there has been no report on the change of EAT volume in BC patients who received NAC.

Current evidence has shown that patients with NAFLD are at high risk for CVD, which is the main cause of
death in these subjects [40], and there is a strong relation between the two conditions. Chemotherapeutic
agents can lead to mitochondrial function alterations, resulting in an increase in the level of serum free fatty
acids, which will lead to cellulite enlargement, visceral fat deposition and ectopic fat deposition when it
exceeds the storage capacity of adipose tissue [41]. In our study, it was observed that there was a moderate
positive correlated between the grading of CASH and EAT volume, and these parameters were also correlation
with triglycerides. Therefore, we speculate that there may be a certain correlation between the prevalence of
CASH and CVD, and the abnormal lipid metabolism caused by NAC in BC patients may be another pathway to
inducing CVD.

Chemotherapy-associated liver injuries are associated with higher morbidity and mortality [9]. Therefore, liver
function needs to be monitored throughout NAC courses. For instance, discontinuation of treatment should be
considered in the case of transaminase increases [42]. The transaminases in our cohort were increased, while
the direct and indirect bilirubin, total protein, albumin and serum iron decreased in BC patients who received
NAC, which was consistent with the results of previous studies [8, 10].
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Our study had some limitations. First, our study did not include any reference standard, such as liver biopsy
(all patients had only mild liver damage, making the invasive procedure unnecessary) or histopathology to
con�rm absolute EAT volumes. Second, in our study, the patients in the NAC group were not dynamically
monitored. Finally, we did not compare the MRI-PDFF and CT-EAT volume with the values obtained with other
imaging methods, such as ultrasound, and these correlation studies may be performed in future studies.

Conclusions
In conclusion, our study found that the prevalence of CASH was 42.8% and EAT volume was signi�cantly
increased in BC patients who received NAC. There were a signi�cant correlation among the hepatic PDFF
value, EAT volume and triglycerides. Our results indicate that the abnormal lipid metabolism caused by NAC
may be another pathway to inducing CVD in BC patients.

Abbreviations
BC = breast cancer, BMI = body mass index, CASH = chemotherapy-associated steatohepatitis, CVD =
cardiovascular disease, EAT = epicardial adipose tissue, ICC = intraclass correlation coe�cient, MRI =
magnetic resonance imaging, NAC = neoadjuvant chemotherapy, PDFF = proton density fat fraction, ROI =
region of interest
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Figures

Figure 1
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Flow diagram of participants. BC = breast cancer; NAC = neoadjuvant chemotherapy.

Figure 2

Sample ROIs used to calculate the hepatic PDFF value in transverse sections through the �rst hepatic portal
vein (A) and below the second hepatic portal vein (B). PDFF = proton density fat fraction; ROI = region of
interest.

Figure 3

Semi-automatic quanti�cation of EAT volume on non-contrast image. The contour of the pericardial sac was
automatically traced and adjusted by the reader, if necessary. The EAT volume (red) was automatically
calculated by the inclusion of all contiguous 3D voxels with CT attenuations between the speci�ed upper
threshold (-30 HU) and the lower threshold of -190 HU. EAT = epicardial adipose tissue.
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Figure 4

Box plot of the hepatic PDFF value (A) and EAT volume (B) in the BC-non-NAC group, BC-NAC group and BC-
NAC subgroups. PDFF = proton density fat fraction; BC = breast cancer; NAC = neoadjuvant chemotherapy;
EAT = epicardial adipose tissue.
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Figure 5

Scatterplots showing MRI proton density fat fraction (PDFF) against the epicardial adipose tissue (EAT).
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Figure 6

Bland-Altman diagram of PDFF value and EAT volume measured by one observer with an interval of at least 1
month (A-PDFF, B- EAT), and two observers (C-PDFF, D- EAT). PDFF = proton density fat fraction; EAT =
epicardial adipose tissue.


