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Abstract 

Background  Lipid metabolism disorders may be involved in the occurrence and development of breast cancer. This 
study aimed to investigate the serum lipid changes during neoadjuvant chemotherapy for breast cancer and the 
effect of dyslipidemia on the prognosis of breast cancer patients.

Methods  We collected the data from 312 breast cancer patients who underwent surgery after receiving standard 
neoadjuvant therapy. χ2 test and T-test were employed to analyze the effect of chemotherapy on the serum lipid 
metabolism of patients. The effects of dyslipidemia on the disease-free survival (DFS) of patients with breast cancer 
were analyzed by χ2 test and COX regression analysis.

Results  A total of 56 out of 312 patients (17.9%) suffered from relapse. The baseline serum lipid level of the patients 
was significantly correlated with their age and body mass index (BMI) (p < 0.05). Chemotherapy increased the levels 
of triglycerides, total cholesterol, and low-density lipoprotein cholesterol, but decreased the level of high-density 
lipoprotein cholesterol (p < 0.001). Preoperative dyslipidemia was significantly associated with the axillary pCR rate 
(p < 0.05). COX regression analysis revealed that the full-course serum lipid level (HR = 1.896 [95%CI 1.069–3.360]; 
p = 0.029), N stage (HR = 4.416 [95%CI 2.348–8.308]; p < 0.001) and the total pCR rate (HR = 4.319 [95%CI 1.029–
18.135]; p = 0.046) acted as prognostic factors affecting DFS in breast cancer. The relapse rate in patients with a high 
level of total cholesterol was higher than that in patients with a high level of triglycerides (61.9% vs 30.0%; p < 0.05).

Conclusions  Dyslipidemia deteriorated after chemotherapy. The full-course serum lipid level may thus serve as a 
blood marker for predicting breast cancer prognosis. Serum lipids should therefore be closely monitored in breast 
cancer patients throughout the treatment course, and patients with dyslipidemia should be treated in a timely 
manner.
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Background
Breast cancer has the highest incidence rate among cases 
of female malignant tumors in China, accounting for 
approximately 69,500 deaths annually [1]. Presently, the 
management system for breast cancer has not been well-
established in Chinese society. The problems related to 
the poor management of breast cancer mainly include 
poor control of the accompanying diseases (such as 
hypertension, hyperglycemia, and dyslipidemia). Elevated 
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low-density lipoprotein cholesterol (LDL-C) is an impor-
tant risk factor for cardiovascular diseases. Cardiovascu-
lar deaths in breast cancer patients account for 16.3% of 
all deaths [2]. Therefore, early identification and control 
of lipid-related risk factors during the treatment of breast 
cancer may help improve the prognosis of patients.

Previous studies have shown that the incidence of dys-
lipidemia in breast cancer patients is higher than that in 
healthy people [3, 4]. Abnormal lipid metabolism is con-
sidered to be related to the occurrence and progression 
of breast cancer, and the potential mechanism is known 
to mainly affect the proliferation and apoptosis of cancer 
cells [5]. Some studies have shown that dyslipidemia is a 
high risk factor for the poor prognosis of breast cancer [6, 
7]. A past study reported that dyslipidemia before neo-
adjuvant chemotherapy affected the pathological com-
plete response (pCR) rate of breast cancer [8]. However, 
other studies have suggested that baseline dyslipidemia 
is a good prognostic factor for breast cancer [9, 10]. The 
effect of dyslipidemia on the prognosis of breast cancer 
remains controversial. Most of these previous studies 
focus on the serum lipid level at a certain cut-off time, 
while ignoring the impact of the full-course lipid level on 
the prognosis of breast cancer.

Previous studies suggest that dyslipidemia deterio-
rated after postoperative chemotherapy in breast cancer 
patients [11, 12]. Moreover, the effect of chemotherapy 
on the deterioration of dyslipidemia is long-lasting [13]. 
In addition, dyslipidemia worsens after neoadjuvant 
chemotherapy [14]. Neoadjuvant chemotherapy is an 
important treatment method and a screening platform 
for breast cancer patients with poor prognosis; patients 
with non-pCR usually have a poor prognosis, and dete-
riorated dyslipidemia may further worsen the progno-
sis of non-pCR patients. However, the reported effects 
of different chemotherapy regimens on dyslipidemia 
are not consistent [11, 15]. Therefore, during chemo-
therapy-related decision-making, it is necessary to con-
sider the effects of different chemotherapy schemes on 
lipid metabolism, which warrants accurate reference 
information.

Therefore, this retrospective study collected the serum 
lipid data of patients with breast cancer during the entire 
neoadjuvant therapy and analyzed the effect of the chem-
otherapy regimen on the serum lipid level, the correlation 
between the serum lipid level and clinicopathological fea-
tures, and the effect of the serum lipid level on pCR and 
disease-free survival (DFS).

Methods
Patient selection
We retrospectively analyzed the clinical outcomes 
of 312 patients with primary breast cancer who were 

treated at the Henan Cancer Hospital from July 1, 2017 
to May 31, 2018.

The study inclusion criteria included the following: (1) 
female gender; (2) invasive breast cancer with clear estro-
gen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2), and Ki-67 sta-
tus; (3) patients who had not received any drugs (includ-
ing statins, phenoxyaromatic acids, niacin drugs, and 
cholesterol-absorption inhibitors) or treatments (includ-
ing portal vena cava shunt and terminal ileectomy) that 
could affect the serum lipid levels within a month before 
baseline serum sample collection; (4) patient at stages II–
III of breast cancer (AJCC 7th edition); (5) all patients had 
reiceived neoadjuvant therapy followed by surgery, whose 
postoperative pathological information was available; (6) 
patients whose complete follow-up data was available.

The subject exclusion criteria were as follows: (1) 
patients with bilateral breast cancer; (2) those with 
advanced breast cancer; (3) those with the presence of 
other primary tumors in combination; (4) those with 
inflammatory breast cancer; (5) those with other sys-
temic diseases that could not tolerate chemotherapy; (6) 
and/or those with incomplete chemotherapy cycle.

All patients underwent surgery after the completion of 
neoadjuvant therapy. Radiotherapy or endocrine therapy 
was conducted in accordance with the clinicopathologi-
cal characteristics of the patients.

Information collection and follow‑up
The data on the clinicopathological features were col-
lected, which included the age, height, weight, menstrual 
status, T stage, N stage, breast cancer molecular type, 
chemotherapy regimen, date of surgery, postoperative 
pathology, whether radiotherapy was applied, recurrence 
time, recurrence site, the baseline serum lipid level, the 
preoperative serum lipid levels, and the serum lipid lev-
els from the time of treatment until the end of follow-up. 
The cut-off time for follow-up was June 30, 2022.

In this study, the status of ER, PR, HER2, and Ki-67 were 
detected by IHC conducted at the Pathology Department 
of our hospital. The HR positivity criteria were ER ≥ 1% or 
PR ≥ 1%; HER2-positive standard: IHC detection of HER2 
was 3 + or 2 + , fluorescence in  situ hybridization (FISH) 
detection was HER-2 amplification (HER2/chromo-
some enumeration probe 17 [CEP17] ratio ≥ 2.0, average 
HER2 copy number ≥ 4.0 signals per cell; or HER2/CEP17 
ratio < 2.0, average HER2 copy number ≥ 6.0 signals per 
cell). While Ki-67 cut-off criteria varied across the cent-
ers, we considered a sample to be Ki-67-high if the pro-
liferation index was > 14%. T staging was confirmed via 
ultrasound or magnetic resonance imaging (MRI); N 
staging with positive palpation or suspicious imaging 
was confirmed through fine needle biopsy or core needle 



Page 3 of 11Ma et al. BMC Cancer          (2023) 23:208 	

biopsy (AJCC 7th edition). PCR was defined as the absence 
of residual tumor cells in the primary tumor (breast pCR) 
and axillary lymph nodes (axillary pCR) after neoadju-
vant chemotherapy (ypT0ypN0). DFS was defined as the 
period from surgery to disease relapse or death from any 
cause. We collected data on the postoperative recurrence, 
metastasis information, and DFS of all patients.

Data collection and evaluated parameters
The serum lipid levels were measured before the treat-
ment, before surgery, and at each follow-up examination 
after surgery. The automatic biochemical analyzer in our 
hospital was used to measure the concentration of total 
cholesterol (TC), triglyceride (TG), low-density lipopro-
tein-cholesterol (LDL-C), and high-density lipoprotein-
cholesterol (HDL-C) in the serum of the patients.

The criteria for determining dyslipidemia were referred 
from those prescribed by the Joint Committee for the 
Development of Chinese Adult Dyslipidemia Preven-
tion and Control Guidelines [16], as follows: serum 
TGs ≥ 2.26  mmol/L; serum TC ≥ 6.22  mmol/L; serum 
LDL-C ≥ 4.14 mmol/L; serum HDL-C < 1.04 mmol/L. The 
full-course dyslipidemia was defined as the detection of 
dyslipidemia thrice or more during the whole study pro-
cess. As body mass index (BMI) could be related to the 
serum lipid levels, we assigned the patients into 3 groups 
based on their body mass index (BMI). BMI was calcu-
lated using the following formula: BMI = weight (kg)/
height*height (m2). BMI grading was performed in accord-
ance with the World Health Organization’s grading scale.

Chemotherapy regimens
The neoadjuvant chemotherapy regimens in this study 
were conducted as follows:

(1)	 TEC (docetaxel 75  mg/m2, epirubicin 75  mg/m2, 
and cyclophosphamide 500 mg/m2,, every 3 weeks 
for 6 cycles).

(2)	 EC-T/EC-TH (epirubicin 90 mg/m2 and cyclophos-
phamide 600 mg/m2 every 3 weeks for 4 cycles, fol-
lowed by docetaxel 100 mg/m2 and/or trastuzumab 
8 mg/kg loading dose, 6 mg/kg maintenance dose, 
every 3 weeks for 4 cycles).

(3)	 TCH (docetaxel 75 mg/m2, carboplatin AUC 6, and 
trastuzumab 8 mg/kg loading dose, 6 mg/kg main-
tenance dose, every 3 weeks for 6 cycles).

(4)	 TC (docetaxel 75  mg/m2 and cyclophosphamide 
600 mg/m2, every 3 weeks for 4 cycles).

TEC, EC-T, and EC-TH are taxane-plus-anthracyclines-
based regimens; TC and TCH are taxane-based regimens.

Statistical analysis
The SPSS 23.0 was used for statistical analyses. The cor-
relation between the serum lipids level and the clinical 
data was analyzed by the χ2 test, with p < 0.05 consid-
ered as the significance threshold. Univariate analysis of 
factors associated with recurrence and metastasis was 
evaluated by the χ2 test. Independent risk factors affect-
ing prognosis were analyzed by multivariate COX regres-
sion. Factors with p < 0.05 in the COX regression analysis 
were considered independent prognostic factors. The 

Table 1  Characteristics of the patients according to the baseline 
lipid levels

BMI Body mass index, HR Hormone receptor, HER2 Human epidermal growth 
factor receptor 2, + Positive, − Negative

Characteristic Total Baseline serum lipids P value

Normal Dyslipidemia

256(83.7) 50(16.3)

Age(years) 0.025
  ≤ 35 37 35 (94.6) 2 (5.4)

  35 ~ 55 197 167 (84.8) 30 (15.2)

  > 55 72 54 (75.0) 18 (25.0)

Menopausal 0.264

  Premenopausal 216 184 (85.2) 32 (14.8)

  Postmenopausal 90 72 (80.0) 18 (20.0)

BMI 0.047
  < 24 125 113 (90.4) 12 (9.6)

  24 ~ 28 131 106 (80.9) 25 (19.1)

  > 28 45 35 (77.8) 10 (22.2)

cT 0.873

  T1 34 30 (88.2) 4 (11.8)

  T2 212 177 (83.5) 35 (16.5)

  T3 38 31 (81.6) 7 (18.4)

  T4 22 18 (81.8) 4 (18.2)

cN 0.662

  N0 ~ 1 198 167 (84.3) 31 (15.7)

  N2 ~ 3 108 89 (82.4) 19 (17.6)

HR 0.430

  Negative 113 97 (85.5) 16 (14.2)

  Positive 193 159 (82.4) 34 (17.6)

HER2 0.289

  Negative 194 159 (82.0) 35 (18.0)

  Positive 112 97 (86.6) 15 (13.4)

Ki-67 0.750

  ≤ 14% 10 8 (80.0) 2 (20.0)

  > 14% 296 248 (83.8) 48 (16.2)

Subtype 0.703

  HR + /HER2- 130 105 (80.8) 25 (19.2)

  HR + /HER2 +  62 53 (85.5) 9 (14.5)

  HR-/HER2 +  52 45 (86.5) 7 (13.5)

  HR-/HER2- 62 53 (85.5) 9 (14.5)
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Kaplan–Meier survival curve was employed to reflect the 
effect of serum lipid levels on survival at different time 
points.

Results
The relationship between the baseline serum lipid levels 
and clinicopathological characteristics
A total of 312 breast cancer patients were enrolled in this 
study. These patients were of a median age of 48  years 

(age range: 26–74 years). There were 256 (83.7%) breast 
cancer patients with baseline normal serum lipids, and 50 
(16.3%) patients with baseline dyslipidemia. Compared 
with patients with normal serum lipids, those with dys-
lipidemia were more likely to be older (p = 0.025) and had 
higher BMI (p = 0.047). The baseline serum lipid level 
was not associated with menopausal status, cT stage, cN 
stage, HR status, HER2 status, Ki-67, and molecular sub-
type (Table 1).

Fig. 1  Effects of neoadjuvant chemotherapy on serum lipids. A and B: Changes of serum lipids before and after neoadjuvant chemotherapy. C and 
D: Effects of different chemotherapy regimens on serum lipids. E and F: Effects of chemotherapy on serum lipids in different menopausal status
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The effects of chemotherapy on the serum lipid levels
The present results indicated an increased incidence of 
high TC, high TG, high LDL-C, and low HDL-C in the 
serum of patients after chemotherapy (Fig.  1A). The 
whole population showed a significant increase in the TG 

(P < 0.001), TC (p < 0.001), and LDL-C (p < 0.001) values 
as well as a significant decrease in the HDL-C (p < 0.001) 
value after chemotherapy (Table 2; Fig. 1B).

To assess the chemotherapy regimens on serum lipids, 
the participants were categorized into 2 groups: taxane- 
plus anthracyclines-based regimens and taxane-based 
regimens. Subgroup analysis of the chemotherapy regi-
mens revealed that both the chemotherapy regimens 
caused an increase in the TC, TG, and LDL-C values and 
a decrease in the HDL-C value (Fig. 1C and D). The anal-
ysis of the menstrual status indicated that TG (p = 0.04) 
and LDL-C (p = 0.028) had increased, while HDL-C 
(p < 0.001) had decreased after chemotherapy in the pre-
menopausal patients, albeit the difference in the TC value 
was not significant (Fig. 1E). In postmenopausal patients, 
chemotherapy led to an increase in the values of TG, 
TC, and LDL-C and a decrease in the value of HDL-C 
(p < 0.001) (Fig. 1F).

Correlations between the serum lipid levels and pCR
To explore the relationship between the serum lipid lev-
els and chemotherapy sensitivity, we further analyzed 
the correlation between the serum lipid levels and pCR 
after administering neoadjuvant chemotherapy. The pre-
operative lipid levels were significantly associated with 
the axillary pCR rates (p < 0.05); the rate of axillary pCR 
in patients with normal serum lipids was significantly 
higher than that in patients with dyslipidemia. However, 
no significant correlation was noted between the base-
line serum lipid levels and the pCR rates in this study 
(Table 3).

Dyslipidemia prompts poor prognosis in NAC breast cancer 
patients
During a median follow-up of 47  months (range: 
3–54 months), 56 patients (17.9%) suffered from relapse. 
The Kaplan–Meier survival curve indicated that the 

Table 2  Comparison of the serum lipid profiles pre- and post-
chemotherapy

TG Triglycerides, TC Total cholesterol, LDL-C Low-density lipoprotein cholesterol, 
HDL-C High-density lipoprotein cholesterol

Parameters Baseline serum lipids Preoperative 
serum lipids

P value

Entire group (n = 295)

  TG 1.32 ± 0.99 1.92 ± 1.74  < 0.001

  TC 4.60 ± 1.01 4.84 ± 1.11  < 0.001

  LDL-C 2.81 ± 0.83 3.14 ± 0.90  < 0.001

  HDL-C 1.48 ± 0.40 1.26 ± 0.32  < 0.001

Taxane-and anthracycline-based regimens(n = 227)

  TG 1.36 ± 1.08 2.02 ± 1.93  < 0.001

  TC 4.59 ± 1.01 4.83 ± 1.15  < 0.001

  LDL-C 2.79 ± 0.83 3.14 ± 0.91  < 0.001

  HDL-C 1.47 ± 0.40 1.23 ± 0.32  < 0.001

Taxane-based regimens(n = 68)

  TG 1.20 ± 0.59 1.59 ± 0.74  < 0.001

  TC 4.66 ± 1.01 4.88 ± 0.98 0.05

  LDL-C 2.89 ± 0.84 3.15 ± 0.90 0.005

  HDL-C 1.53 ± 0.36 1.36 ± 0.30  < 0.001

Pre-menopause(n = 87)

  TG 1.41 ± 0.74 1.96 ± 1.92 0.04

  TC 4.94 ± 0.92 5.02 ± 0.98 0.415

  LDL-C 3.11 ± 0.79 3.30 ± 0.91 0.028

  HDL-C 1.54 ± 0.41 1.28 ± 0.32  < 0.001

Postmenopause (n = 208)

  TG 1.29 ± 1.07 1.90 ± 1.66  < 0.001

  TC 4.46 ± 1.02 4.77 ± 1.16  < 0.001

  LDL-C 2.69 ± 0.81 3.08 ± 0.89  < 0.001

  HDL-C 1.46 ± 0.39 1.25 ± 0.32  < 0.001

Table 3  Analysis of the correlation between serum lipid levels and pCR

pCR Pathological complete response

Characteristic Baseline serum lipids χ2 P Preoperative serum lipids χ2 P

Normal Dyslipidemia Normal Dyslipidemia

Total pCR 0.000 0.990 3.358 0.067

  No 205 (80.1) 40 (80.0) 154 (76.6) 84 (85.7)

  Yes 51 (19.9) 10 (20.0) 47 (23.4) 14 (14.3)

Breast pCR 0.640 0.424 0.832 0.362

  No 193 (75.4) 35 (70.0) 146 (72.6) 76 (77.6)

  Yes 63 (24.6) 15 (30.0) 55 (27.4) 22 (22.4)

Axillary pCR 2.413 0.120 6.764 0.009
  No 128 (50.0) 31 (62.0) 95 (47.3) 62 (63.3)

  Yes 128 (50.0) 19 (38.0) 106 (52.7) 36 (36.7)
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baseline serum lipid level had no significant impact on 
DFS, and the DFS was worse in patients with preopera-
tive (p = 0.008) and full-course dyslipidemia (p < 0.001) 
(Fig. 2).

Univariate and COX regression analyses showed that 
the full-course serum lipid level (HR = 1.896 [95%CI 
1.069–3.360]; p = 0.029), N stage (HR = 4.416 [95%CI 
2.348–8.308]; p < 0.001), and total pCR rate (HR = 4.319 
[95%CI 1.029–18.135]; p = 0.046) were the prognostic 
factors affecting DFS in breast cancer (Table 4).

To further clarify the specific serum lipid indica-
tors that affected breast cancer DFS, we analyzed the 
full-course TG and TC levels. The results revealed that 
patients with a high full-course TC level had a higher 
relapse rate than those with a high level of TG (61.9% vs 
30.0%; p < 0.05) (Table  5; Fig.  3). Comparison of the 1-, 
3-, and 5-year DFS rates of patients with different serum 
lipid levels revealed that the 1-, 3-, and 5-year DFS rates 
of patients with hyperlipidemia were lower than those 
of patients with normal serum lipids. Next, we analyzed 
the prognostic role of the lipid levels in HR-positive and 
negative patient populations. The results revealed that 
the DFS of hypercholesterolemic patients in HR-positive 
patients was significantly lower than that in HR-negative 
patients (Fig. 4).

Finally, we analyzed the effect of endocrine drugs on 
serum lipid levels. Among the patients undergoing endo-
crine therapy after surgery in this study (n = 154), the 
incidence of serum dyslipidemia in the 3 groups of letro-
zole/anastrozole, tamoxifen/toremifene, and exemestane, 
respectively, were 28.7%, 21.3%, and 16.7% (p = 0.509).

Discussion
Breast cancer is the most commonly diagnosed cancer 
in women and the leading cause of cancer death [17]. 
The incidence of dyslipidemia in breast cancer patients 

is higher than that in healthy people [3, 4]. Both the 
impact of chemotherapy on serum lipids and the impact 
of serum lipids on prognosis are controversial [6–11, 
15]. Neoadjuvant chemotherapy provides a choice of 
intensive treatment for non-pCR patients. Meanwhile, 
neoadjuvant chemotherapy is a good experimental 
platform, which can screen out the prognostic factors 
of breast cancer. Therefore, we collected clinicopatho-
logical data of patients receiving neoadjuvant therapy 
and conducted a series of analyses on the relationship 
between dyslipidemia and clinicopathological features, 
the effect of chemotherapy on serum lipids, and the 
effect of serum lipids on cancer prognosis.

Currently, chemotherapy remains one of the most 
important treatment methods for breast cancer. While 
killing tumor cells, chemotherapeutic drugs can also affect 
other body indicators of the patients, which includes nor-
mal blood cells, liver functions, and serum lipids. Serum 
lipids are the collective term used to mainly refer to TC, 
TG, HDL-C, and LDL-C. Previous studies have shown 
that the levels of TG, TC and LDL-C in breast cancer 
patients significantly increased after chemotherapy, while 
the levels of HDL-C decreased [12, 15, 18, 19]. Paclitaxel-
based chemotherapy significantly worsens dyslipidemia 
[20], while anthracycline-based chemotherapy has a slight 
impact on the deterioration of dyslipidemia [11]. How-
ever, a study found that anthracycline drugs significantly 
lower HDL-C levels than taxanes [15]. Briefly, the effect 
of different chemotherapy regimens on serum lipids is 
controversial. In our study, both the taxane-plus anthra-
cycline-based regimens and the taxane-based regimens 
led to an increase in the levels of TC, TG, and LDL-C, but 
a decrease in the level of HDL-C. This finding is consist-
ent with the results of previous studies. Therefore, chemo-
therapy patients need to closely monitor for any change in 
their serum lipid levels to achieve good control.

Fig. 2  Kaplan–Meier curves for DFS in the whole population according to baseline serum lipid, preoperative serum lipid and full-course serum lipid 
levels. DFS: disease-free survival
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Numerous pieces of evidence indicate that changes 
in lipid metabolism can affect cancer cell proliferation, 
differentiation, and other processes [21]. In animal 
experiments, dyslipidemia can promote the progress 
of breast cancer cells [22, 23]. Previous clinical studies 

also reported that dyslipidemia is a high risk factor for 
the poor prognosis of breast cancer [6, 7]. However, 
some studies have reported that baseline dyslipidemia 
is a good prognostic factor for breast cancer [9, 10]. 
Interestingly, some studies reported that statins can 

Table 4  Prognostic factors for disease-free survival

BMI Body mass index, HR Hormone receptor, HER2 Human epidermal growth factor receptor 2, + Positive, − Negative

Characteristic Total No-Relapse
n (%)

Relapse
n (%)

Univariate analysis Multivariate analysis

χ2 P HR 95%CI P

Age(years) 10.359 0.006 0.209

  < 35 37 28 (75.7) 9 (24.3) Ref Ref

  35–55 202 176 (87.1) 26 (12.9) 0.661 0.305–1.434 0.295

  > 55 73 52 (71.2) 21 (28.8) 1.124 0.490–2.580 0.783

Menopausal 1.569 0.210

  Premenopausa 222 186 (83.8) 36 (16.2)

  Postmenopausal 90 70 (77.8) 20 (22.2)

BMI 2.470 0.291

  < 24 126 106 (84.1) 20 (15.9)

  24 ~ 28 134 105 (78.4) 29 (21.6)

  > 28 47 41 (87.2) 6 (12.8)

Full-course serum lipid 18.030  < 0.001
  Normal 214 187 (87.4) 27 (12.6) Ref Ref

  Dyslipidemia 75 49 (65.3) 26 (34.7) 1.896 1.069–3.360 0.029
cT 6.454 0.011
  T1 ~ 2 250 212 (84.8) 38 (15.2) Ref Ref

  T3 ~ 4 62 44 (71.0) 18 (29.0) 1.506 0.807–2.811 0.198

cN 47.228  < 0.001
  N0 ~ 1 202 188 (93.1) 14 (6.9) Ref Ref

  N2 ~ 3 110 68 (61.8) 42 (38.2) 4.416 2.348–8.308  < 0.001
Radiotherapy 1.159 0.282

  No 37 28 (75.7) 9 (24.3)

  Yes 275 228 (82.9) 47 (17.1)

HR 0.278 0.598

  Negative 113 91 (80.5) 22 (19.5)

  Positive 199 165 (82.9) 34 (17.1)

HER2 0.003 0.956

  Negative 196 161 (82.1) 35 (17.9)

  Positive 116 95 (81.9) 21 (18.1)

Ki-67 0.03 0.864

  ≤ 14% 10 8 (80.0) 2 (20.0)

  > 14% 302 248 (82.1) 54 (17.9)

Subtype 1.466 0.690

  HR + /HER2- 132 111 (84.1) 21 (15.9)

  HR + /HER2 +  66 52 (78.8) 14 (21.2)

  HR-/HER2 +  52 44 (84.6) 8 (15.4)

  HR-/HER2- 62 49 (79.0) 13 (21.0)

Total pCR 11.389 0.001
  Yes 62 60 (96.8) 2 (3.2) Ref Ref

  No 250 196 (78.4) 54 (21.6) 4.319 1.029–18.135 0.046
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improve the prognosis of breast cancer [24–26]. It is 
unknown whether there exists a correlation between 
the above two findings. However, the mechanism by 
which statins can improve the prognosis of cancer 
remains unclear. In a word, the current researches 
on the role of serum lipids in the prognosis of breast 
cancer remain controversial. This controversy may 
be attributed to the fact that the serum lipid level at 
a certain time point could not be representative of the 
serum lipid level during the entire treatment duration. 
We found that preoperative dyslipidemia reduces the 

axillary pCR rate. In terms of prognosis, our results 
revealed that the baseline lipid level was not signifi-
cantly associated with DFS, but the full-course lipid 
level was significantly associated with DFS in breast 
cancer patients. Therefore, we should pay close atten-
tion to the control of serum lipids during the whole 
course of breast cancer treatment, which can improve 
the prognosis of patients.

Endocrine therapy is an important subset of systemic 
therapy for HR + /HER2- breast cancer. Endocrine 
therapy drugs mainly involve tamoxifen, anastrozole, 

Table 5  Analysis of the correlation between high triglyceride / high cholesterol and relapse

Characteristic Total No-Relapse
n (%)

Relapse
n (%)

Univariate analysis

χ2 P

Full-course serum lipid 36.274  < 0.001
  Normal 230 (79.0) 202 (87.8) 28 (12.2)

  High triglyceride 40 (13.8) 28 (70.0) 12 (30.0)

  High cholesterol 21 (7.2) 8 (38.1) 13 (61.9)

Preoperative serum lipid 6.212 0.045

  Normal 202 (70.6) 172 (85.1) 30 (14.9)

  High triglyceride 62 (21.7) 54 (76.1) 17 (23.9)

  High cholesterol 22 (7.7) 17 (68.0) 8 (32.0)

Baseline serum lipid 0.064 0.968

  Normal 256 (83.7) 211 (82.4) 45 (17.6)

  High triglyceride 35 (11.3) 29 (82.9) 6 (17.1)

  High cholesterol 15 (4.9) 12 (80.0) 3 (20.0)

Fig. 3  Kaplan–Meier curves for DFS in the whole population according to preoperative TG, TC and full-course TG, TC levels. DFS: disease-free 
survival; TG: triglyceride; TC: total cholesterol
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letrozole, and exemestane. The effects of different 
endocrine therapy drugs on serum lipid changes in 
previous studies are controversial. Some studies have 
reported that tamoxifen and exemestane reduce the 
risk of dyslipidemia in breast cancer patients [27–29]. 
However, in another study, both exemestane and letro-
zole treatment lead to detrimental changes in the lipid 
profile of postmenopausal women with breast cancer 
[30]. The proportion of dyslipidemia in patients taking 
trozole/anastrozole was numerically higher than that 
in patients taking tamoxifen/toremifene and exemes-
tane in our study. The lack of statistical difference 
here may be attributed to the small sample size. How-
ever, the effect of endocrine drugs on specific indica-
tors of serum lipids was not analyzed in the present 
study owing to the small sample size. We plan to con-
tinue exploring this issue in our future research. The 
choice of endocrine therapy drugs should be carefully 
selected based on each individual’s serum lipid levels.

The strength of this study lies in that we collected 
and analyzed the full-course serum lipid data. This 
study, however, has some limitations, such as the ret-
rospective research design. The short follow-up time 

may have affected the results of the prognosis analy-
sis. In addition, our data were collected from a single 
center.

Conclusions
The baseline serum lipid levels were not significantly 
associated with DFS in breast cancer, but the full-course 
lipid levels were significantly associated with DFS in 
breast cancer. Dyslipidemia deteriorated after both 
anthracycline- and taxane-based chemotherapy. Serum 
lipids should therefore be closely monitored in breast 
cancer patients throughout the course of treatment, and 
patients with dyslipidemia should be treated without 
delay.

Abbreviations
TC	� Total cholesterol
TG	� Triglycerides
LDL-C	� Low-density lipoprotein cholesterol
HDL-C	� High-density lipoprotein cholesterol
BMI	� Body mass index
95% CI	� 95% Confidence interval
DFS	� Disease-free survival
HR	� Hazard ratio
pCR	� Pathological complete response

Fig. 4  The 1-,3-,5-year DFS in HR- and HR + breast cancer patients according to triglyceride and total cholesterol. A and B: DFS in high triglyceride 
and high total cholesterol breast cancer patients. C and D: Effects of high triglycerides and high total cholesterol on DFS in HR- and HR + breast 
cancer patients. DFS: disease-free survival; HR: hormone receptor



Page 10 of 11Ma et al. BMC Cancer          (2023) 23:208 

ER	� Estrogen receptor
PR	� Progesterone receptor
HER2	� Human epidermal growth factor receptor 2

Acknowledgements
We are grateful to MJEditor (www.​mjedi​tor.​com) for its linguistic assistance 
during the preparation of this manuscript.

Authors’ contributions
YZM participated in the study design and wrote the draft manuscript. MHL 
and PY participated in data collection, collation and statistical analysis. XCC 
and ZZL conceived the study, interpreted data, and edited the manuscript. All 
authors read and approved the final manuscript.

Funding
This work was supported by a grant from Henan province medical science 
and technology research project (LHGJ20220204).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This research was conducted in accordance with the standards set out in the 
Declaration of Helsinki. This study was approved by the Ethics Review Com-
mittee of the Affiliated Cancer Hospital of Zhengzhou University (Research 
Approval Number: 2022–299). Based on the retrospective nature of the study, 
the need for written informed consent was waived by the Ethics Review Com-
mittee of the Affiliated Cancer Hospital of Zhengzhou University. However, 
all participants had the opportunity to opt-out on a homepage of the Ethics 
Review Committee of the Affiliated Cancer Hospital of Zhengzhou University.

Consent for publication
Not applicable.

Competing interests
No potential competing interests are disclosed.

Author details
1 Department of Breast Disease, Henan Breast Cancer Center, The Affiliated 
Cancer Hospital of Zhengzhou University & Henan Cancer Hospital, No.127, 
Dongming Road, Zhengzhou 450008, China. 

Received: 28 July 2022   Accepted: 27 February 2023

References
	1.	 Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, 

Yu XQ, He J. Cancer statistics in China, 2015. CA Cancer J Clin. 
2016;66(2):115–32.

	2.	 Abdel-Qadir H, Austin PC, Lee DS, Amir E, Tu JV, Thavendiranathan P, Fung 
K, Anderson GM. A Population-Based Study of Cardiovascular Mortality 
Following Early-Stage Breast Cancer. JAMA Cardiol. 2017;2(1):88–93.

	3.	 Xu J, Qiu X, Li Y, Sun N, Zhang Y, Shu J. Hyperlipoproteinemia (a) is 
associated with breast cancer in a Han Chinese population. Medicine 
(Baltimore). 2020;99(38):e22037.

	4.	 Chowdhury FA, Islam MF, Prova MT, Khatun M, Sharmin I, Islam KM, 
Hassan MK, Khan MAS, Rahman MM. Association of hyperlipidemia with 
breast cancer in Bangladeshi women. Lipids Health Dis. 2021;20(1):52.

	5.	 Cedo L, Reddy ST, Mato E, Blanco-Vaca F, Escola-Gil JC. HDL and LDL: 
Potential New Players in Breast Cancer Development. J Clin Med. 
2019;8(6):853.

	6.	 Nelson ER, Wardell SE, Jasper JS, Park S, Suchindran S, Howe MK, Carver 
NJ, Pillai RV, Sullivan PM, Sondhi V, et al. 27-Hydroxycholesterol links 
hypercholesterolemia and breast cancer pathophysiology. Science. 
2013;342(6162):1094–8.

	7.	 Rodrigues Dos Santos C, Fonseca I, Dias S, Mendes de Almeida JC. 
Plasma level of LDL-cholesterol at diagnosis is a predictor factor of 
breast tumor progression. BMC Cancer. 2014;14:132.

	8.	 Lu Y, Wang P, Lan N, Kong F, Abdumijit A, Tu S, Li Y, Yuan W. Metabolic 
Syndrome Predicts Response to Neoadjuvant Chemotherapy in Breast 
Cancer. Front Oncol. 2022;12:899335.

	9.	 Jung SM, Kang D, Guallar E, Yu J, Lee JE, Kim SW, Nam SJ, Cho J, Lee 
SK. Impact of Serum Lipid on Breast Cancer Recurrence. J Clin Med. 
2020;9(9):2846.

	10.	 Goto W, Kashiwagi S, Takada K, Asano Y, Ogisawa K, Morisaki T, Shibu-
tani M, Tanaka H, Maeda K. Clinical verification of the relationship 
between serum lipid metabolism and immune activity in breast cancer 
patients treated with neoadjuvant chemotherapy. Eur J Med Res. 
2023;28(1):2.

	11.	 He T, Wang C, Tan Q, Wang Z, Li J, Chen T, Cui K, Wu Y, Sun J, Zheng D, 
et al. Adjuvant chemotherapy-associated lipid changes in breast can-
cer patients: A real-word retrospective analysis. Medicine (Baltimore). 
2020;99(33):e21498.

	12.	 Li X, Liu ZL, Wu YT, Wu H, Dai W, Arshad B, Xu Z, Li H, Wu KN, Kong LQ. 
Status of lipid and lipoprotein in female breast cancer patients at initial 
diagnosis and during chemotherapy. Lipids Health Dis. 2018;17(1):91.

	13.	 Dieli-Conwright CM, Wong L, Waliany S, Mortimer JE. Metabolic syn-
drome and breast cancer survivors: a follow-up analysis after comple-
tion of chemotherapy. Diabetol Metab Syndr. 2022;14(1):36.

	14.	 Zhou Z, Zhang Y, Li Y, Jiang C, Wu Y, Shang L, Huang Y, Cheng S. 
Metabolic syndrome is a risk factor for breast cancer patients receiv-
ing neoadjuvant chemotherapy: A case-control study. Front Oncol. 
2022;12:1080054.

	15.	 Lu Q, Wu X, Zhu Y, Yang J, Wang X, Ye C, Cai R, Zhang K, Xu T, Wang B, 
et al. Effects of Chemotherapy on Serum Lipids in Chinese Postopera-
tive Breast Cancer Patients. Cancer Manag Res. 2020;12:8397–408.

	16.	 Joint committee issued Chinese guideline for the management of 
dyslipidemia in adults: [2016 Chinese guideline for the manage-
ment of dyslipidemia in adults]. Zhonghua Xin Xue Guan Bing Za 
Zhi. 2016;44(10):833–53.

	17.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2018;68(6):394–424.

	18.	 Kalabova H, Melichar B, Ungermann L, Dolezal J, Krcmova L, Kasparova 
M, Plisek J, Hyspler R, Pecka M, Solichova D. Intima-media thickness, 
myocardial perfusion and laboratory risk factors of atherosclerosis in 
patients with breast cancer treated with anthracycline-based chemo-
therapy. Med Oncol. 2011;28(4):1281–7.

	19.	 Panis C, Binato R, Correa S, Victorino VJ, Dias-Alves V, Herrera A, Cec-
chini R, Simao ANC, Barbosa DS, Pizzatti L, et al. Short infusion of 
paclitaxel imbalances plasmatic lipid metabolism and correlates with 
cardiac markers of acute damage in patients with breast cancer. Can-
cer Chemother Pharmacol. 2017;80(3):469–78.

	20.	 Yeo W, Mo FKF, Pang E, Suen JJS, Koh J, Loong HHF, Yip CCH, Ng RYW, 
Yip CHW, Tang NLS, et al. Profiles of lipids, blood pressure and weight 
changes among premenopausal Chinese breast cancer patients after 
adjuvant chemotherapy. BMC Womens Health. 2017;17(1):55.

	21.	 Santos CR, Schulze A. Lipid metabolism in cancer. FEBS J. 
2012;279(15):2610–23.

	22.	 dos Santos CR, Domingues G, Matias I, Matos J, Fonseca I, de Almeida 
JM, Dias S. LDL-cholesterol signaling induces breast cancer prolifera-
tion and invasion. Lipids Health Dis. 2014;13:16.

	23.	 Llaverias G, Danilo C, Mercier I, Daumer K, Capozza F, Williams TM, Sotgia 
F, Lisanti MP, Frank PG. Role of cholesterol in the development and pro-
gression of breast cancer. Am J Pathol. 2011;178(1):402–12.

	24.	 Van Wyhe RD, Rahal OM, Woodward WA. Effect of statins on breast cancer 
recurrence and mortality: a review. Breast Cancer (Dove Med Press). 
2017;9:559–65.

	25.	 Marti JLG, Beckwitt CH, Clark AM, Wells A. Atorvastatin facilitates chemo-
therapy effects in metastatic triple-negative breast cancer. Br J Cancer. 
2021;125(9):1285–98.

	26.	 Kwan ML, Habel LA, Flick ED, Quesenberry CP, Caan B. Post-diagnosis 
statin use and breast cancer recurrence in a prospective cohort 
study of early stage breast cancer survivors. Breast Cancer Res Treat. 
2008;109(3):573–9.

http://www.mjeditor.com


Page 11 of 11Ma et al. BMC Cancer          (2023) 23:208 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	27.	 Lim YP, Lin CL, Lin YN, Ma WC, Hung DZ, Kao CH. Tamoxifen Treat-
ment and the Reduced Risk of Hyperlipidemia in Asian Patients With 
Breast Cancer: A Population-Based Cohort Study. Clin Breast Cancer. 
2015;15(4):294–300.

	28.	 Gaibar M, Fernandez G, Romero-Lorca A, Novillo A, Tejerina A, Bandres F, 
Fernandez-Santander A. Tamoxifen therapy in breast cancer: do apolipo-
protein E genotype and menopausal state affect plasma lipid changes 
induced by the drug? Int J Biol Markers. 2013;28(4):e371-376.

	29.	 Aristarco V, Serrano D, Gandini S, Johansson H, Macis D, Guerrieri-Gon-
zaga A, Lazzeroni M, Feroce I, Pruneri G, Pagani G, et al. A Randomized, 
Placebo-Controlled, Phase II, Presurgical Biomarker Trial of Celecoxib 
Versus Exemestane in Postmenopausal Breast Cancer Patients. Cancer 
Prev Res (Phila). 2016;9(5):349–56.

	30.	 Bell LN, Nguyen AT, Li L, Desta Z, Henry NL, Hayes DF, Wolff AC, Stearns 
V, Storniolo AM, Flockhart DA, et al. Comparison of changes in the lipid 
profile of postmenopausal women with early stage breast cancer treated 
with exemestane or letrozole. J Clin Pharmacol. 2012;52(12):1852–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Dyslipidemia is associated with a poor prognosis of breast cancer in patients receiving neoadjuvant chemotherapy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patient selection
	Information collection and follow-up
	Data collection and evaluated parameters
	Chemotherapy regimens
	Statistical analysis

	Results
	The relationship between the baseline serum lipid levels and clinicopathological characteristics
	The effects of chemotherapy on the serum lipid levels
	Correlations between the serum lipid levels and pCR
	Dyslipidemia prompts poor prognosis in NAC breast cancer patients

	Discussion
	Conclusions
	Acknowledgements
	References


