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Background: Pericardial adipose tissue (PAT) has been associated with adverse cardiac events. In this 
study, we evaluated changes of PAT in patients with breast cancer during and after anthracycline-based 
chemotherapy and explored the clinical variables associated with increases in PAT volume at the completion 
of chemotherapy.
Methods: A total of 278 breast cancer patients who were receiving anthracycline-based chemotherapy were 
retrospectively enrolled. Their PAT volumes were measured using non-contrast chest computed tomography 
(CT) images from a dedicated workstation. We compared these volumes to their measurements at baseline, 
during different chemotherapy cycles, at and after chemotherapy completion. We identified the clinical 
variables associated with increases in PAT volume at chemotherapy completion using logistic regression 
analyses.
Results: At the completion of chemotherapy, PAT volumes were shown to have increased compared to 
baseline measurements (87.67±45.09 vs. 104.25±47.74 cm3; P=0.00). After 4, 6, and 8 chemotherapy cycles, 
PAT volumes increased from the baseline measurement by 9.48% [95% confidence interval (CI): −2.30% 
to 21.27%], 14.75% (95% CI: 4.68% to 24.82%), and 20.02% (95% CI: 11.38% to 28.66%), respectively. 
Compared to volumes measured at chemotherapy completion (104.25±47.74 cm3), PAT volumes at 6 and 
12 months after chemotherapy completion were 105.23±49.27 and 107.56±46.34 cm3, respectively. The 
differences between chemotherapy completion and follow-up PAT volumes were not statistically significant. 
A variable associated with an increase in PAT from baseline to chemotherapy completion was the number of 
chemotherapy cycles (8 vs. 4) [odds ratio (OR) =3.850; 95% CI: 1.751 to 8.488].
Conclusions: Patients with breast cancer who undergo anthracycline-based chemotherapy can experience 
unfavorable PAT volume increases, which are maintained after the completion of treatment. Patients at risk 
of increases in PAT volume at chemotherapy completion can be identified based on clinical risk factors and 
targeted for interventions.
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Introduction

Pericardial adipose tissue (PAT), a visceral fat deposit 
surrounding the heart, includes paracardial and epicardial 
adipose tissue (EAT). The EAT is located between the visceral 
layer of the myocardium and the pericardium, primarily in 
the atrioventricular and ventricular grooves of the heart and 
around the coronary artery, and is characteristically brown 
or beige (1). As it has a higher capacity for fatty acid uptake 
and release, EAT is important for maintaining myocardial 
metabolism (2). In addition, the mechanical and thermal 
properties of EAT also protect the myocardium, preventing 
changes in the myocardial structure and temperature during 
the contraction phase of the cardiac cycle (3).

However, increased EAT can lead to harmful lipotoxic 
and inflammatory factors that cause functional and organic 
damage to the cardiovascular system under pathological 
conditions. Many studies have shown that EAT volume 
correlates positively with the occurrence of coronary heart 
disease (4) and ventricular arrhythmia (5). It can also directly 
affect the diastolic function of the left ventricle (6,7). 
Increased cardiac visceral fat, particularly EAT, has been 
proposed as a new cardio-metabolic risk factor (8). According 
to a systematic review, EAT thickness >5 mm, or volume 
>125 mL or 68 mL/m2 might be considered a risk factor for 
metabolic syndrome and coronary artery disease (9).

Anthracyclines are a frontline breast cancer treatment. 
In the process of killing tumor cells, anthracyclines also 
affect the synthesis of glutathione and weaken antioxidant 
capacity, resulting in the generation of excessive free radicals 
and interference with fatty acid metabolism. In the liver, 
anthracyclines can cause enzyme abnormalities, which will 
affect the transport of lipids by very-low-density lipoprotein 
(VLDL) from the liver to the plasma. This may result in a 
decrease in palmitic and oleic acids and lead to drug-induced 
steatohepatitis. Studies have shown that EAT is associated 
with the presence and progression of non-alcoholic fatty 
liver disease. The EAT acts as an endocrine or paracrine 
organ and produces proinflammatory adipokines and 
interleukins such as vaspin, tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), interleukin-17 (IL-17), and angiotensin, 
all of which are involved in the development and progression 
of both cardiovascular and fatty liver diseases (10).

Previous studies have shown that intermuscular, 

visceral, and subcutaneous fats are significantly higher 
at chemotherapy completion than at baseline in patients 
receiving anthracyclines (11,12). However, the reasons for 
the changes to PAT in these patients remain unclear. In 
this study, we described the longitudinal changes in PAT 
in breast cancer patients undergoing anthracycline-based 
therapy and explored the potential risk factors associated 
with long-term increases in PAT volume. 

We present the following article in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-787/rc).

Methods

Study population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
retrospective study was approved by the ethics committee 
at Chongqing University Cancer Hospital, and individual 
consent for this retrospective analysis was waived. 

The study cohort included female patients with breast 
cancer who had received anthracycline-based chemotherapy 
(doxorubicin, epirubicin, or pirarubicin) in 3–4-week cycles 
for more than 4 cycles from January 2018 to December 
2019. Patients had undergone chest computed tomography 
(CT) scans within 2 weeks before and after completing 
chemotherapy. The exclusion criteria for the study were 
as follows: previous chemotherapy, heavy motion artifacts, 
coronary artery stent or bypass, or pericardial effusion. 
Cases were deemed eligible by 2 doctors with at least  
3 years of experience in cardiac imaging. Overall, 278 female 
patients with breast cancer were included in the study.

Patients who had had chest CT scans at 6 and 12 months  
after chemotherapy were included in the follow-up. The 
following data recorded before chemotherapy and at 
chemotherapy completion were collected the from the 
patients’ medical records: age, height and weight, gender, 
blood glucose, blood pressure, disease stage, pathological 
type, chemotherapy drugs and cycles, blood lipids, and liver 
function.

According to predefined criteria, diabetes (13) was 
diagnosed if oral glucose tolerance test (OGTT) fasting 
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blood glucose levels were >7.0 mmol/L, if blood glucose 
levels were >11.1 mmol/L 2 hours after a meal, or if the 
typical symptoms of diabetes were detected and random 
blood glucose levels were >11.1 mmol/L. Similarly, 
hypertension (14) was diagnosed if systolic blood pressure 
was >130 mmHg and/or diastolic blood pressure was  
>80 mmHg. Body mass index (BMI) was calculated as 
weight (kg)/square of height (m2) using patient weight 
and height on the first day of hospitalization. Participants 
were classified into 3 BMI-based categories according 
to the modified World Health Organization (WHO) 
criteria: underweight (<18.5 kg/m2), normal range (18.5 to  
<25 kg/m2), and obese (≥25 kg/m2) (15).

CT protocols

Case examinations were performed using 1 of 2 64-multi-
detector CT scanners (SOMATOM Definition AS+, 
Siemens Healthineers, Erlangen, Germany; Brilliance 40, 
Philips Healthcare, Amsterdam, The Netherlands). The 
SOMATOM Definition AS+ parameters were as follows: 
tube voltage, 120 kVp; reference tube current, 110 mAs; 
detector collimation, 128×0.6 mm; pitch, 1.2; matrix, 
512×512; thickness, 1 mm; and increment, 0.7 mm. The 
sinogram affirmed iterative reconstruction (SAFIRE) image 
data reconstruction method was used, and imaging data were 
reconstructed using a mediastinum algorithm. The Brilliance 
40 parameters were as follows: tube voltage, 120 kVp;  
reference tube current, 110 mAs; detector collimation, 
64×0.625 mm; pitch, 1.2; matrix, 512×512; thickness, 1 mm; 
and increment, 0.7 mm. The iDOSE level 3 image data 

reconstruction method was used, and imaging data were 
reconstructed using a mediastinum algorithm.

Measurements of PAT

We used non-contrast CT chest images to quantify PAT 
volumes. Images were reconstructed with 1-mm slice 
thicknesses and copied to a semiautomated software 
program (syngo.via Frontier cardiac risk assessment, 
Siemens Healthineers). PAT was defined as epicardial fat 
(adipose tissue within the pericardium) plus paracardial 
fat (adipose tissue on the external surface of the parietal 
pericardium voxels with CT values between −150 and 
−50 Hounsfield units (HU) was taken to indicate adipose 
tissue. We defined the upper limit of the image as the 
lower edge of the pulmonary bifurcation and the last image 
in which the heart appeared as the lower limit of PAT. 
Once PAT was identified, its volume (cm3) was calculated 
automatically (Figure 1). These measurements were taken 
by 2 radiologists with at least 3 years of experience in chest-
imaging diagnosis.

We calculated the increase in PAT volume using 
the following formula: PAT volume at chemotherapy 
completion—PAT volume at baseline. We classified the 
increase in PAT volume into 4 levels, according to the 
interquartile range (IQR) and taking the increases in PAT 
volume as ordered categorical variables.

Measurements of hepatic/splenic density ratios

We selected the images at the hilar level to measure the 

Figure 1 Sample of PAT measurements. A non-contrast CT chest image was used. (A) Axial plane. (B) Coronal plane. (C) Sagittal plane. 
PAT volume was measured at the red area. CT values for the red area were from −150 to −50 HU. PAT, pericardial adipose tissue; CT, 
computed tomography. 

A B C
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CT values of the liver and spleen. If the hilar level was not 
covered in the scan, we selected the maximum level of the 
spleen. Our measurements avoided the blood vessels as 
much as possible (16). For each patient, we set a region of 
interest (ROI) of 1 cm2 and manually drew 3 ROIs within 
the middle of the spleen and liver. We used the mean of the 
3 ROIs to calculate the hepatic/splenic density ratios.

Statistical analyses

We performed statistical analyses using SPSS software 
version 25.0 (IBM Corp., Armonk, NY, USA). Continuous 
variables were described as means ± standard deviations 
or medians (IQRs), and categorical variables were 
described as numbers and percentages. We used paired 
t-tests and Wilcoxon tests to compare blood lipids, liver 
function, blood glucose, and PAT volumes at baseline and 
chemotherapy completion. We used the repeated analysis 
of variance (ANOVA) to evaluate changes in PAT volumes 
of the 4 cycles and at different points in the chemotherapy 
cycles. Univariate logistic regression analysis evaluated 
the variables associated with increased PAT volume at 
chemotherapy completion. We entered variables with a P 

value of <0.20 into a multivariable logistic regression model. 
A P value of <0.05 was considered statistically significant.

Results

Patient demographics

We initially identified 573 patients who had been treated 
with anthracycline for breast cancer. When the exclusion 
criteria were applied (Figure 2), 295 patients were excluded, 
leaving a total of 278 patients for inclusion in this study. 
Among those 278 patients, doxorubicin was administered 
to 65, epirubicin to 158, and pirarubicin to 55. There were 
no statistical differences in the baseline characteristics of 
these 3 groups (Table S1). Among the cohort, 25 cases 
completed 4 cycles of chemotherapy, 88 completed 6 
cycles, and 165 completed 8 cycles (Figure 2). Some cases 
underwent multiple chest CT scans during chemotherapy. 
A total of 90 cases had a chest CT scan at the 4th cycle, 91 
at the 6th cycle, and 165 at the 8th cycle. Of the participants 
who had completed all chemotherapy cycles, 215 had chest 
CT scans available for analysis at 6 months after completion 
of treatment, and 211 had chest CT scans available for 
analysis at 12 months after completion of treatment (Figure 2).

Figure 2 STROBE diagram. CT, computed tomography; STROBE, Strengthening the Reporting of Observational Studies in 
Epidemiology. 

Anthracycline-based chemotherapy for female breast cancer patients 
(n=573)

Data available for analysis (n=278)
4 cycles (n=25), 6 cycles (n=88), 8 cycles (n=165)

Assessed for chest CT scan (n=421)

6 months after chemotherapy completed

12 months after chemotherapy completed

Excluded (n=152)
Previous chemotherapy (n=128)
Heavy motion artifacts (n=4)
After coronary artery stent or bypass (n=8)
Pericardial effusion (n=12)

Chest CT scan dating more than 2 weeks at 
prior and completed chemotherapy (n=139)
The software automatically recognizes 
inaccurate contours (n=4)

Data available for analysis (n=215)

Data available for analysis (n=211)

https://cdn.amegroups.cn/static/public/QIMS-21-787-supplementary.pdf
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Table 1 presents the baseline characteristics of the study 
cohort. All patients were female (47.88±7.14 years) and 
had invasive carcinoma. A total of 124 patients had a BMI 
of ≥25 kg/m2. Only 30 patients had a hepatic/splenic ratio 
of >1.0. Overall, 69 patients had clinical stage T1 cancer,  
138 had stage T2, 20 had stage T3, and 35 had stage T4. 
The clinical stage was unknown for 16 patients.

PAT volume and trends in clinical characteristics

Differences in PAT volumes measured at baseline and 
at chemotherapy completion were 87.67±45.09 vs . 
104.25±47.74 cm3 (P=0.00) (Table 2). The PAT volumes 
at 6 months after chemotherapy completion were 
105.23±49.27 cm3, and at 12 months after chemotherapy 
completion were 107.56±46.34 cm3. The differences 
between these values were not statistically significant  
(Figure 3). The PAT volumes in all the chemotherapy cycles 
were higher than at the baseline, especially in the 6th and 

8th cycles (P<0.05) (Figure 4).
Cholesterol (Chol), triglycerides (TG), low-density 

lipoprotein (LDL), alanine aminotransferase (ALT), 
and aspartate aminotransferase (AST) at chemotherapy 
completion were all higher than at baseline (all P<0.05). 
High-density lipoprotein (HDL) had a decreasing trend, 
but it was not statistically significant (P=0.058). Total 
protein significantly decreased (P=0.013), and the hepatic/
splenic density ratio was significantly lower at baseline than 
at chemotherapy completion (Table 2).

Variables associated with increased PAT volumes

Increases in PAT volume from baseline to chemotherapy 
completion were divided into 4 levels according to IQRs 
(5.83, 15.71, and 28.64 cm3). To identify the risk factors 
for increased PAT volumes at chemotherapy completion, 
we analyzed the patients’ baseline and chemotherapy 
completion scans (n=278). In the univariate logistic 

Table 1 Patient clinical and demographic characteristics

Demographic characteristics of patients (n=278) Clinical characteristics at baseline Clinical characteristics at chemotherapy completion

Age, mean ± SD, years 47.88±7.14 47.88±7.14

Female, n (%) 278 (100.0) 278 (100.0)

Height, mean ± SD, cm 155.58±5.87 155.58±5.87

Weight, mean ± SD, kg 60.12±8.77 62.89±9.03

BMI category at diagnosis, n (%)

<18.5 kg/m
2

1 (0.4) 1 (0.4)

18.5 to <25 kg/m
2

153 (55.0) 148 (53.2)

≥25 kg/m
2

124 (44.6) 129 (46.4)

Hypertension, n (%) 141 (50.7) 141 (50.7)

Diabetes, n (%) 13 (4.6) 13 (4.6)

Hepatic/splenic CT ratio >1.0, n (%) 30 (10.8) 55 (19.8)

Invasive carcinoma, n (%) 278 (100.0)

Stage, n (%)

T1 69 (24.8)

T2 138 (49.6)

T3 20 (7.2)

T4 35 (12.6)

Unknown 16 (5.8)

SD, standard deviations; BMI, body mass index; CT, computed tomography. 
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Table 2 Patient clinical characteristics and PAT comparisons before chemotherapy and at chemotherapy completion

Clinical characteristics and PAT volume Before chemotherapy At completion P value

TG (n=78) 1.05 (0.82, 1.72) 1.59 (1.11, 2.01) 0.000 

Chol (n=78) 4.73 (4.17, 5.42) 4.96 (4.35, 5.36) 0.041

HDL (n=78) 1.57 (1.38, 1.76) 1.43 (1.31, 1.68) 0.058

LDL (n=78) 2.54 (2.17, 3.08) 2.72 (2.34, 3.20) 0.012

ALT (n=278) 16.00 (12.00, 24.00) 27.50 (18.70, 43.00) 0.000 

AST (n=278) 19.00 (16.00, 24.00) 26.00 (21.00, 33.00) 0.000 

TP (n=278) 73.44±5.83 72.32±6.32 0.013

G (n=278) 30.80±4.43 29.59±5.57 0.000

ALB (n=278) 42.96±3.56 42.92±3.93 0.397

PA (n=278) 246.75±47.07 246.22±49.98 0.856

GGT (n=278) 18.00 (14.00, 30.10) 26.20 (19.00, 48.60) 0.000 

Hepatic/splenic CT ratio (n=278) 1.24 (1.12, 1.32) 1.20 (1.06, 1.30) 0.000 

PAT volume, cm
3
 (n=278) 87.67±45.09 104.25±47.74 0.000 

PAT, pericardial adipose tissue; TG, triglycerides; Chol, cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; ALT,  
alanine aminotransferase; AST, aspartate aminotransferase; TP, total protein; G, globulin; ALB, albumin; PA, prealbumin; GGT, glutamyl 
transpeptidase; CT, computed tomography.

Figure 3 PAT volumes from baseline to 12 months after treatment 
completion. Error bars represent 95% CIs. PAT, pericardial 
adipose tissue; CI, confidence interval. 

Figure 4 Comparison of PAT volumes in different chemotherapy 
cycles. Error bars represent 95% CIs. PAT, pericardial adipose 
tissue; CI, confidence interval. 

regression analysis, the P values for differences in BMI at 
baseline and during the chemotherapy cycles were <0.2. In 
the multivariable model, only the 8th chemotherapy cycle 
was significantly associated with increased PAT volume as 
compared with the 4th cycle [odds ratio (OR) =3.850; 95% 
confidence interval (CI): 1.751 to 8.488] (Table 3).

Discussion

In this cohort of breast cancer survivors, PAT volumes 
during chemotherapy were higher than at baseline and were 
maintained after chemotherapy, with statistically significant 
increases in the 6th and 8th cycles. In addition, volume 
gains at chemotherapy completion were primarily affected 
by the increases of chemotherapy cycles.

As the visceral fat stored around the heart, PAT 
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participates in the process of coronary atherosclerosis by 
secreting multiple endocrine and paracrine factors (3,17). 
There is a significant correlation between PAT volume, 
prevalence of coronary heart disease, and risk of future 
cardiac events (18,19). Cardiovascular disease (CVD) is the 
second leading cause of long-term morbidity and mortality 
among cancer survivors (20) and the leading cause of death 
among female breast cancer survivors (21). Drug regimens 
containing anthracyclines are widely used in patients with 
breast cancer. Therefore, it is important to study PAT 
changes in patients undergoing this type of chemotherapy.

Previous longitudinal studies for breast cancer have 
consistently reported unfavorable long-term body 
composition changes, with a disproportionate increase in fat 
mass over muscle mass (22,23). A study found that survivors 
of diffuse large B-cell lymphoma experienced adverse long-
term body composition changes with increased visceral 
abdominal tissue (VAT) after chemotherapy (12).

However, the effects of anthracyclines on PAT volumes 
remain unclear. The current study found that PAT volumes 
began to increase as early as the 4th chemotherapy cycle, 
with statistically significant differences appearing from the 
6th cycle. In addition, increased volumes were maintained 
12 months after chemotherapy was completed, which is 
similar to findings reported in a previous study on VAT 
increases (12). There are 2 possible reasons for this: firstly, 
most patients with cancer lose weight prior to diagnosis 
and may purposefully gain weight after treatment until they 
return to their perceived normal (pretreatment) weight. 
Secondly, there is also evidence that breast cancer survivors 
decrease their levels of physical activity after diagnosis (24). 
The combination of increased caloric intake and decreased 
physical activity may contribute to the observed fat gain. 
Xiao et al. (12) found that the subcutaneous and visceral fat 
in diffuse large B-cell lymphoma survivors was significantly 
higher at 24 months after chemotherapy completion than 

Table 3 Univariate and multivariable logistic regression analyses of factors associated with increases in PAT volumes at chemotherapy completion

Characteristics
Univariate regression analyses Multivariable regression analyses

OR (95% CI) P value OR (95% CI) P value

Age, years 1.016 (0.986, 1.047) 0.291

Stage

T1 Referent

T2 0.995 (0.593, 1.669) 0.985

T3 0.568 (0.232, 1.395) 0.218

T4 1.036 (0.500, 2.147) 0.925

Hypertension (at baseline), yes 0.270 (0.334, 0.928) 0.334

Diabetes (at baseline), yes 1.234 (0.417, 3.232) 0.669

BMI (at baseline)

18.5–25 kg/m
2

Referent

≥25 kg/m
2

1.380 (0.347, 1.033) 0.137 1.408 (0.918, 2.160) 0.118

TGs (at baseline), mmol/L 0.957 (0.815, 1.123) 0.592

Chol (at baseline), mmol/L 0.946 (0.691, 1.293) 0.725

Hepatic/splenic CT ratio >1.0 (at baseline) 1.059 (0.537, 2.085) 0.869

Cycles

4 Referent

6 2.046 (0.900, 4.646) 0.087 2.100 (0.923, 4.773) 0.077

8 3.811 (1.735, 8.365) 0.001 3.850 (1.751, 8.488) 0.001

P values were obtained from logistic regression analysis. All statistical tests were 2-sided. PAT, pericardial adipose tissue; OR, odds ratio; 
CI, confidence interval; BMI, body mass index; TG, triglycerides; Chol, cholesterol; CT, computed tomography. 
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at the time of chemotherapy completion. However, no 
statistically significant differences in PAT volume were 
observed at 6 and 12 months after chemotherapy in our 
study. This may be attributable to our relatively short 
follow-up time.

Levels of patients’ liver enzymes, such as serum ALT 
and AST, were abnormal, and lipid metabolites such as 
TG and Chol increased significantly. Anthracyclines 
have been proven hepatotoxic. There are 2 main ways 
for anthracyclines to cause a pathological accumulation 
of lipids in hepatocytes: one is to activate peroxisome 
proliferator-activated receptor-gamma (PPAR-g) nuclear 
receptors to synthesize fatty acid, the other is to activate 
fatty acid translocase CD36 by activating adenosine 
monophosphate protein kinase (AMAPK) to promote the 
uptake of fatty acids. The CD36 protein has also been 
defined as a shared target of the hepatic nuclear receptors 
LXR and PXR, as well as PPAR-α and PPAR-γ (25), which 
is consistent with the changes in lipid metabolites in this 
study. One explanation for increases in PAT volumes after 
chemotherapy may be that patients experience a degree of 
liver damage due to the hepatotoxicity of anthracyclines, 
which may affect lipid metabolism. Another reason may 
be that increases in LDL and decreases in HDL result in 
more Chol being carried into the pericardial tissue, from 
where it is more difficult to metabolize. A further possibility 
is anthracycline cardiotoxicity, which increases PAT. More 
research is needed to confirm these assumptions.

Our s tudy  found tha t  comple t ing  8  cyc le s  o f 
anthracycline-based chemotherapy was an independent 
risk factor for increased PAT volumes in patients with 
breast cancer and had a cumulative effect that was similar 
to anthracycline cardiotoxicity (26). Since PAT has 
significantly higher levels of a chemokine (MCP-1) and 
several inflammatory cytokines (IL-1β, IL-6, IL-6sR, and 
TNF-α) than subcutaneous fat, increased PAT in patients 
with breast cancer is a risk factor for CVD, which may 
affect patient survival and prognosis (27). Therefore, it 
is important to take preventative measures against CVD 
in patients with breast cancer who undergo 8 cycles of 
anthracycline-based chemotherapy.

Some recent studies have proposed that physical exercise 
can reduce PAT due to reductions in proinflammatory 
adipokines and improvements of inflammatory factors 
in the milieu of the coronary vessel wall (28-30). Other 
studies have reported that sodium-glucose cotransporter 
2 inhibitors and glucagon-like peptide-1 receptor 
agonists can reduce PAT in patients with type 2 diabetes 

(31,32). Therefore, patients with breast cancer who 
receive anthracycline chemotherapy could be targeted for 
individualized lifestyle interventions, such as increased 
physical exercise and the abovementioned drugs, to prevent 
increases in PAT volume. 

This study had several limitations. First, no male 
breast cancer patients were included in the study since the 
incidence is extremely low in males. Second, larger samples 
and multi-center studies are needed to find cut-off values 
to reduce major adverse cardiovascular events. Third, our 
follow-up period was relatively short. We will continue 
to follow-up the cardiovascular status of patients in the 
future and study the relationship between increased PAT 
volumes and major adverse cardiovascular events. Fourth, 
because the number of people treated with doxorubicin and 
pirarubicin was relatively small in this study, there were 
no subgroup analyses based on drug type. It is necessary 
to increase the sample size for subgroup analysis in future 
studies to assess the effects of different anthracyclines on 
PAT. Fifth, our software could not distinguish between 
paracardial adipose fat and EAT. There is a need to discover 
a way to accurately measure EAT volume. Finally, we did 
not include a healthy, age-matched control group, limiting 
the application of our findings to the general population. In 
future studies, comparisons will be made with a healthy and 
normal group over the same period to increase the general 
applicability of our findings.

In conclusion, this study described changes to PAT 
during and after chemotherapy treatment in patients with 
breast cancer. We demonstrated that patients with breast 
cancer who receive anthracycline-based chemotherapy 
undergo an unfavorable increase in PAT volume. Patients 
at risk for increases in PAT volume may be identified based 
on clinical factors. These high-risk patients could receive 
active intervention, including lifestyle changes and drug 
treatments that limit increases in PAT volume.
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