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Metabolic syndrome is
a risk factor for breast
cancer patients receiving
neoadjuvant chemotherapy:
A case-control study

Zhaoyue Zhou1†, Yue Zhang2†, Yue Li1, Cong Jiang1, Yang Wu1,
Lingmin Shang1, Yuanxi Huang1* and Shaoqiang Cheng1*

1Department of Breast Surgery, Harbin Medical University Cancer Hospital, Harbin, China,
2Department of Medical Oncology, Harbin Medical University Cancer Hospital, Harbin, China
Purpose: To investigate the impact of metabolic syndrome (MetS) on

pathologic complete response (pCR) and clinical outcomes in breast cancer

(BC) patients who received neoadjuvant chemotherapy (NAC).

Methods: We analyzed 221 female BC patients at Harbin Medical University

Cancer Hospital who received NAC and divided them into MetS and non-MetS

groups according to National Cholesterol Education Program Adult Treatment

Panel III (NCEP-ATP III) criteria to investigate the association between MetS and

clinicopathological characteristics, pathologic response, and long-term

survival and to observe the changes in metabolic parameters after NAC.

Results: A total of 53 (24.0%) BC patients achieved pCR after NAC in our study.

MetS status was an independent predictor of pCR, and pCR was more difficult to

obtain in the MetS group than the non-MetS group (P=0.028). All metabolic

parameters deteriorated significantly after NAC, especially the blood lipid index

(P<0.010). The median follow-up time was 6 years. After adjusting for other

prognostic factors, MetS was found to be strongly associated with an increased

risk of recurrence (P=0.007) and mortality (P=0.004) in BC patients receiving NAC.

Compared to individuals without anyMetS component, the risk of death and disease

progression increased sharply as the number of MetS components increased.

Conclusions: In BC patients who received NAC, MetS was associated with poor

outcomes, including a lower pCR rate and increased risks of recurrence andmortality.
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Introduction

In 2020, 19.3 million new cancer cases were diagnosed

worldwide, including 2.3 million cases (11.7%) of breast cancer

(BC), which has now surpassed lung cancer as the most commonly

diagnosed cancer (1). Based on improved and intensified treatments

developed over the past few decades, including neoadjuvant

chemotherapy (NAC), the BC survival rate has improved

significantly (2, 3). NAC has been established as a standard

treatment approach in BC patients with locally advanced disease.

Currently, the role of NAC has expanded to conversion of

inoperable tumors to operable tumors or facilitating breast-

conserving therapy (BCT) instead of mastectomy (4, 5), which is

also known as tumor downstaging. Moreover, the assessment of

tumor response to NAC is a useful tool that provides information

on the impact of systemic therapies on BC biology (6). Pathologic

complete response (pCR) after NAC serves as a significant

surrogate marker that predicts better long-term prognosis (7).

As a significant public health problem worldwide, metabolic

syndrome (MetS) is a multifactorial metabolic disease with main

components, including obesity, hyperglycemia, dyslipidemia,

and hypertension, which was initially linked to cardiovascular

diseases (CVDs) (8). Several studies have found that CVD

surpasses BC and has become the leading cause of death for

BC survivors (9, 10). Accumulating evidence reveals a strong

association between MetS and BC (11). MetS and its

components are associated with increased risks of BC (12),

and in-depth research on the association between MetS and

the pathogenesis and prognosis of BC is increasing. Extensive

literature has reported that metabolic dysregulation may affect

the risk for occurrence, recurrence, and mortality of BC and the

onset of additional chronic disease (13, 14). Investigation into

the relationship between systemic therapies and MetS in BC

survivors also represents an area of research that needs to be

urgently addressed. Multiple studies have indicated that
Abbreviations: ABCA1, adenosine triphosphate-binding cassette transporter

A1; AJCC, American Joint Committee on Cancer; ATP, adenosine

triphosphate; BCNACT, breast cancer neoadjuvant chemotherapy; BMI,

body mass index; CI, confidence interval; CVD, cardiovascular disease;

DBP, diastolic blood pressure; DFS, disease-free survival; ER, estrogen

receptor; FBG, fasting blood glucose; HDL-C, high-density lipoprotein

cholesterol; HER2, human epidermal growth factor receptor 2; HER2-E,

HER2-enriched; HR, hazard ratio; IDF, International Diabetes Federation;

IGF-1, insulin-like growth factor 1; IGFBP, IGF-binding proteins; IHC,

immunohistochemical; IR, insulin resistance; ISH, in situ hybridization;

LDL-C, low-density lipoprotein cholesterol; LDLR, low-density lipoprotein

receptor; MetS, metabolic syndrome; NAC, neoadjuvant chemotherapy;

NCEP-ATP III, National Cholesterol Education Program Adult Treatment

Panel III; OR, odds ratio; OS, overall survival; pCR, pathologic complete

response; PR, progesterone receptor; RR, risk ratio; SBP, systolic blood

pressure; SD, standard deviation; TC, total cholesterol; TG, triglycerides;

TNBC, triple negative breast cancer.
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metabolic disorders, including overweight, dyslipidemia, and

hypertension, are associated with worse pCR to NAC (15–17).

However, clinical research on how MetS influences BC patients

who receive NAC is currently lacking. This article retrospectively

analyzed the clinical data of BC patients who underwent NAC

before surgery and observed metabolic changes after adjuvant

treatment to investigate the relationship between MetS and the

pCR and long-term prognosis of BC patients after NAC and to

provide a reference for the treatment of BC.
Materials and methods

Patient selection

Our study retrospectively analyzed 221 female BC patients

who received NAC and underwent surgery at Harbin Medical

University Cancer Hospital between September 2012 and

December 2017. Before each treatment, patients signed the

“Informed Consent Form for Secondary Use of Medical History

Data/Biological Specimens” in our hospital. All procedures

involving participants in this study were performed in

accordance with Research Committee standards and complied

with the 1964 Declaration of Helsinki and other amendments to

ethical standards. The following patient inclusion criteria were

employed (1): histopathologically confirmed BC by core needle

biopsy and (2) preoperative NAC and no radiotherapy or

endocrine therapy before chemotherapy. The following patient

exclusion criteria were used: (1) patients with distant metastasis;

(2) patients with other previous tumors; and (3) patients suffering

from other diseases that affect body mass index (BMI), blood

pressure, sugar and lipid metabolism or serious physical disease.
Data collection and biochemical
variable determination

Clinical data were collected twice before and after NAC, and all

data were collected from electronic medical records by two

independent investigators. General clinical data included age,

menopausal state, number of births, height, weight, blood pressure,

fasting blood glucose (FPG), triglycerides (TG), total cholesterol (TC),

high-density lipoprotein cholesterol (HDL-C), and low-density

lipoprotein cholesterol (LDL-C). BMI was calculated as body

weight (kg) divided by the squared height (m2). Venous blood was

taken after 12 hours of fasting, and the blood samples were sent to the

Biochemical Laboratory of Medical University Cancer Hospital to

detect FPG, TG, TC, HDL-C, and LDL-C.
Definition of MetS

The diagnosis of MetS was based on the National

Cholesterol Education Program Adult Treatment Panel III
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(NCEP-ATP III) criteria (18). Specifically, MetS was diagnosed if

three of the following five criteria were present: obesity (waist

circumference>88 cm); FPG≥110 mg/dl (6.1 mmol/L); TG≥150

mg/dl (1.7 mmol/L); HDL-C<50 mg/dl (1.3 mmol/L); and blood

pressure≥130/85 mmHg. However, waist circumference was not

available in this retrospective review given that this factor was

not recorded at screening, so a BMI≥25 kg/m2 replaced a waist

circumference of 88 cm or more in women. This substitution

was validated in previous studies (8, 19, 20) and is consistent

with the diagnostic criteria for MetS established by the Diabetes

Branch of the Chinese Medical Association in 2004 (21). Patients

who met the diagnostic criteria for MetS were included in the

MetS group; otherwise, patients were included in the non-

MetS group.
Treatment plan

All patients received NAC before surgery and chose

chemotherapy regimens according to modern treatment

guidelines and patients’ preferences. The following treatment

regimens were noted: 78 cases of AC-T; TA scheme in 48 cases;

TAC scheme in 76 cases; TCbH scheme in 7 cases; AC-TH

scheme in 3 cases; TH scheme in 7 cases and TCb scheme in 2

cases (A: anthracycline; C: cyclophosphamide; T: taxane,

including albumin paclitaxel or docetaxel; Cb: carboplatin; H:

trastuzumab). The chemotherapy dose was decided by treatment

guidelines and body surface area. One cycle of the chosen

regimen was repeated every 3 weeks. All patients received at

least three cycles of NAC. Surgery was performed after a rest

period of 2-4 weeks after the completion of NAC, depending on

the patient’s condition. After surgery, all the enrolled patients

received necessary follow-up treatment at Harbin Medical

University Tumor Hospital. A total of 71.1% (64 cases) of

estrogen receptor (ER)+/progesterone receptor (PR)+ patients

and 61.3% (19 cases) of ER+/PR- patients received adjuvant

endocrine therapy, and a total of 122 (55.2%) patients received

radiation therapy.
Pathological features, molecular
subtypes and pCR

The TNM staging system is based on the eighth edition of

the American Joint Committee on Cancer (AJCC). ER, PR,

human epidermal growth factor receptor 2 (HER2) and Ki67

status were assessed by immunohistochemical (IHC) staining or

in situ hybridization (ISH). Luminal A, luminal B, HER2-

enriched (HER2-E), and triple-negative molecular subtypes

were included in this study. In our study, pCR was defined as

no residual invasive disease (with or without ductal carcinoma in

situ) in the breast and lymph nodes (ypT0/isN0).
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Follow-up

Patients were regularly followed up at Harbin Medical

University Cancer Hospital. Examinations were performed

every 6 months during the first 5 years of follow-up and every

12 months thereafter. All patients were followed up until death

or the study deadline (May 1, 2022) based on clinical records

review and telephone. We defined disease-free survival (DFS) as

the time from diagnosis until local, contralateral, and distant

disease recurrence as well as secondary primary tumors or death

from any cause. Overall survival (OS) was defined as the time

from diagnosis to death from any cause or the end of follow-up.
Statistical analysis

All analyses were conducted with SPSS 26.0 statistical

software. Descriptive statistics were reported as frequencies

and percentages for categorical variables and as the mean ±

standard deviation (SD) or median (interquartile range) for

continuous variables. Comparison of patient characteristics

between the different groups was performed using the

independent T-test or nonparametric test for continuous

variables and the chi-squared test or Fisher’s exact test for

categorical variables as appropriate. Univariate and

multivariate analyses and subgroup analyses of the relationship

between clinicopathological features and pCR were performed

using logistic regression models and log-linear regression.

Univariate and multivariate analyses of the association of

clinicopathological characteristics with patients’ OS and DFS

were performed using the Cox proportional hazards model. The

latter was adjusted for prognostic factors, including age,

menopausal state, number of births, T stage, N stage, hormone

receptors status, HER2 status, Ki67, p53 status, molecular

subtype, endocrine therapy and radiation therapy. Survival

curves were drawn using the Kaplan-Meier method. All

statistical tests were two-tailed, and P values<0.05 were

considered statistically significant.
Results

Patients’ baseline characteristics

The 221 patients included in this study were all women with

a median age of 49 years. A total of 49 (22.2%) BC patients were

included in the MetS group, and 172 (77.8%) BC patients were in

the non-MetS group. Compared to the non-MetS group, MetS

group patients were more likely to be older (P<0.001) and

postmenopausal (P<0.001), and the MetS group included a

higher proportion of Ki-67≤14 (P=0.024) patients and more

childbirths (P=0.014). Body weight, BMI, FBG, TG, TC, LDL-C,
frontiersin.org

https://doi.org/10.3389/fonc.2022.1080054
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zhou et al. 10.3389/fonc.2022.1080054
and blood pressure were higher and HDL-C levels were lower in

the MetS group than in the non-MetS group, and all these

differences were statistically significant. MetS status was not

associated with clinical T stage, N stage, hormone receptors,

HER2 status or p53 status, and no differences in the number of

NAC dose reductions and treatment interruptions were noted

between the two groups (all P>0.05) (Table 1).
Univariate and multivariate analysis of
pCR

In this study, a total of 53 (24.0%) patients achieved pCR

after NAC, including five patients in the MetS group and 48 in

the non-MetS group. Univariate analysis showed that the non-

MetS group was more likely to achieve pCR than the MetS group

(P=0.015). Patients who were hormone receptors negative,

HER2 positive or Ki67>14% were more likely to achieve pCR

(Table 2). Multivariate analysis showed that compared with

ER+/PR+ patients, ER+/PR- patients and ER-/PR- patients

had a higher probability of pCR, and ER-/PR- patients were

particularly associated with pCR (OR=3.941, 95% CI:

1.772~8.766, P=0.001), and this finding reached statistical

significance. Compared with the non-MetS group, it was more

difficult for the MetS group to obtain pCR (OR=0.316, 95% CI:

0.113~0.886, P=0.028), indicating MetS and hormone receptors

status were independent predictors of pCR (Table 3). Subgroup

analysis showed that the relationship between MetS and pCR

was more significant in the PR (−), HER2 (−), p53(−), and triple

negative breast cancer (TNBC) subgroups (Figure 1).
Changes in MetS after NAC

The average duration of NAC was 4.67 months. After NAC,

all metabolic parameters deteriorated, and the number of MetS

components increased significantly. Among them, blood lipid

indices, including TG, TC, HDL-C, and LDL-C, showed

statistical deterioration (P<0.010) (Table 4). There were 49

(22.2%) patients in the MetS group before NAC and 80

(36.2%) patients in the MetS group after NAC. Forty-two

(24.4%) patients in the non-MetS group met the diagnostic

criteria for MetS after NAC (Figure 2).
Survival analysis

The mean OS and DFS values of 221 patients to the follow-

up deadline were 96.75 and 87.46 months, respectively. The five-

year survival rate of the MetS group was 64.6%, whereas that of

the non-MetS group was 85.3%. In univariate analysis, MetS was

associated with a greater than twofold increased risk of breast

cancer mortality and recurrence (OR=2.463, 95% CI 1.391-
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4.363, P=0.002) (OR=2.213, 95% CI 1.336-3.668, P=0.002).

Compared with postmenopausal patients, premenopausal

patients had a longer OS and DFS (OR=2.316, 95% CI 1.315-

4 .079 , P=0 .004) (OR=1.792 , 95% CI 1 .108-2 .898 ,

P=0.017) (Table 5).

In the multivariate analysis, hazard ratios were adjusted for

age, menopausal state, number of births, T stage, N stage,

hormone receptors status, HER2 status, Ki67, p53 status,

molecular subtype, endocrine therapy and radiation therapy.

High TG (≥1.7 mmol/L) and low HDL-C (<1.3 mmol/L) were

individually associated with an increased risk of death

(OR=2.452, CI 95% 1.271-4.731, P=0.007) (OR=2.069, 95% CI

1.073-3.988, P=0.030). High TG (≥1.7 mmol/L), low HDL-C

(<1.3 mmol/L) and hypertension were individually associated

with an increased risk of relapse (OR=1.855, 95% CI 1.046-3.291,

P=0.035) (OR=1.883, 95% CI 1.066-3.327, P=0.029) (OR=1.802,

95% CI 1.042-3.116, P=0.035) in multivariable-adjusted models.

However, MetS remained the most significant predictor of

disease progression and death after adjustment. MetS patients

had a 2.587-fold increased risk of death (OR=2.587, 95% CI

1.359-4.924, P=0.004) and a 2.228-fold increased risk of

recurrence (OR=2.228, 95% CI 1.251-3.970, P=0.007)

compared with patients who were not diagnosed with MetS.

Compared to individuals without any component of MetS

present, the risk of death and disease progression increased

steeply as the number of MetS components increased. Patients

with 1-2, 3, 4, and 5 components had a 1.763-, 2.865-, 6.304-,

and 15.488-fold higher risk of death and a 1.951-, 2.995-, 4.584-,

and 12.129-fold higher risk of relapse, respectively, than patients

with 0 components (Table 6).

The follow-up time ranged from 12 to 115 months. The

median follow-up time of 221 patients was 72.00 ± 2.44 months

(6 years). Six years after diagnosis, the rates for OS and DFS were

84.4% vs. 59.1% (P=0.001) (Figure 3A) and 74.7% vs. 53.1%

(P=0.001) (Figure 3B), respectively, in patients with non-MetS

vs. MetS. Specifically, rates for OS and DFS were 85.9% vs. 77.9%

vs. 59.1% (P=0.002) (Figure 4A) and 82.4% vs. 68.4% vs. 53.1%

(P=0.001) (Figure 4B) in patients with 0 vs. 1-2 vs. 3-5

components of MetS. Kaplan−Meier survival analysis showed

that BC patients receiving NAC with MetS before treatment had

worse OS and DFS than those without MetS, and the difference

was statistically significant.
Discussion

As a significant public health problem worldwide, MetS is a

cluster of risk factors for CVD and various malignant tumors.

Several cohort studies and meta-analyses have highlighted the

link between MetS and the prevalence, recurrence, and mortality

of BC (11, 22, 23). NAC is increasingly being utilized as the first-

line therapy for BC (6). Some studies have found that metabolic

dysregulation status has predictive value for NAC in BC;
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TABLE 1 Patient clinicopathological characteristics by MetS status.

Variable Total (n=221) MetS group (n=49) Non-MetS group (n=172) P

Age (years) 49.190 ± 9.415 54.730 ± 8.129 47.610 ± 9.174 <0.001

Menopause <0.001

No 128 (57.9%) 16 (32.7%) 112 (65.1%)

Yes 93 (42.1%) 33 (67.3%) 60 (34.9%)

Number of births 0.014

0 27 (12.2%) 2 (4.1%) 25 (14.5%)

1 137 (62.0%) 28 (57.1%) 109 (63.4%)

2 44 (19.9%) 17 (34.7%) 27 (15.7%)

>2 13 (5.9%) 2 (4.1%) 11 (6.4%)

T Stage 0.138

cT1 31 (14.0%) 10 (20.4%) 21 (12.2%)

cT2 143 (64.7%) 28 (57.2%) 115 (66.9%)

cT3 41 (18.6%) 8 (16.3%) 33 (19.2%)

cT4 6 (2.7%) 3 (6.1%) 3 (1.7%)

N Stage 0.134

N0 11 (5.0%) 3 (6.1%) 8 (4.6%)

N1 36 (16.3%) 4 (8.2%) 32 (18.6%)

N2 75 (33.9%) 14 (28.6%) 61 (35.5%)

N3 99 (44.8%) 28 (57.1%) 71 (41.3%)

Hormone receptors 0.612

ER+/PR+ 90 (40.7%) 22 (44.9%) 68 (39.5%)

ER+/PR- 31 (14.0%) 8(16.3%) 23 (13.4%)

ER-/PR- 94 (42.5%) 18 (36.7%) 76 (44.2%)

HER2 0.127

Negative 142 (64.3%) 36 (73.5%) 106 (61.6%)

Positive 79 (35.7%) 13 (26.5%) 66 (38.4%)

Ki-67(%) 0.024

≤14 58 (26.2%) 19 (38.8%) 39 (22.7%)

>14 163 (73.8%) 30 (61.2%) 133 (77.3%)

p53 0.954

Negative 130 (58.8%) 29 (59.2%) 101 (58.7%)

Positive 91 (41.2%) 20 (40.8%) 71 (41.3%)

Subtype 0.550

Luminal A 21 (9.5%) 7 (14.3%) 14 (8.1%)

Luminal B 106 (48.0%) 24 (49.0%) 82 (47.7%)

HER2-E 50 (22.6%) 9 (18.4%) 41 (23.8%)

TNBC 44 (19.9%) 9 (18.4%) 35 (20.4%)

(Continued)
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TABLE 1 Continued

Variable Total (n=221) MetS group (n=49) Non-MetS group (n=172) P

NAC dose reduction 0.626

No 194 (87.8%) 44 (89.8%) 150 (87.2%)

Yes 27 (12.2%) 5 (10.2%) 22 (12.8%)

NAC treatment interruption 0.294

No 144 (65.2%) 30 (61.2%) 119 (69.2%)

Yes 77 (34.8%) 19 (38.8%) 53 (30.8%)

Height (cm) 160.102 ± 5.322 159.306 ± 6.249 160.328 ± 5.024 0.296

Weight (kg) 62.887 ± 9.260 67.602 ± 8.598 61.544 ± 9.021 <0.001

BMI (kg/m2) 24.524 ± 3.309 26.617 ± 2.818 23.927 ± 3.200 <0.001

FBG (mmol/L) 5.300 (4.800-5.800) 6.100 (5.400-6.950) 5.100 (4.700-5.600) <0.001

TG (mmol/L) 1.140 (0.785-1.550) 1.850 (1.340-2.780) 0.955 (0.730-1.320) <0.001

TC (mmol/L) 4.693 ± 0.961 5.027 ± 1.017 4.597 ± 0.925 0.005

HDL-C (mmol/L) 1.620 ± 0.401 1.359 ± 0.341 1.695 ± 0.0.386 <0.001

LDL-C (mmol/L) 3.135 ± 0.890 3.440 ± 0.917 3.048 ± 0.865 0.006

SBP (mmHg) 124.411 ± 20.237 140.787 ± 18.057 119.746 ± 18.347 <0.001

DBP (mmHg) 75.813 ± 11.901 83.435 ± 12.856 73.641 ± 10.697 <0.001

MetS, metabolic syndrome; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; HER2-E, HER2-enriched; TNBC, triple negative breast
cancer; NAC, neoadjuvant chemotherapy; BMI, body mass index; FBG, fasting blood glucose; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure.
F
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TABLE 2 Univariate analysis between clinical characteristics and pCR.

Variable Total (n=221) pCR (n=53) OR CI (95%) P

Age(years)

≤49 115 (52.0%) 30 (56.6%) Ref. Ref. Ref.

>49 106 (48.0%) 23 (43.4%) 0.785 0.422-1.462 0.446

Menopause

No 128 (57.9%) 35 (66.0%) Ref. Ref. Ref.

Yes 93 (42.1%) 18 (34.0%) 0.638 0.335-1.215 0.171

Number of births

0 27 (12.2%) 7 (13.2%) Ref. Ref. Ref.

1 137 (62.0%) 34 (64.1%) 0.943 0.367-2.424 0.903

2 44 (19.9%) 9 (17.0%) 0.735 0.237-2.275 0.593

>2 13 (5.9%) 3 (5.7%) 0.857 0.182-4.042 0.846

T Stage

cT1+cT2 174 (78.7%) 46 (86.8%) Ref. Ref. Ref.

(Continued)
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specifically, higher BMI was associated with worse pCR to NAC

(15). Diabetes and high FPG levels may be predictive of

nonresponse to neoadjuvant chemotherapy in patients with

BC (17). We evaluated the predictive effect of MetS on pCR in

BC patients who received NAC, as it could be used to select those

patients who demonstrate the most benefit from neoadjuvant

systemic therapy, and analyzed long-term prognostic

characteristics in these patients. To the best of our knowledge,

our study is the first to date to systematically address the effect of

MetS and its components on BC patients who received NAC.

Our paper retrospectively analyzed 221 BC patients who

received NAC at Harbin Medical University Cancer Hospital.

Similar to that noted other reports (14, 23), our study found that

the MetS group included more elderly and postmenopausal

patients than the non-MetS group. Unlike previous studies

showing that MetS was associated with adverse pathological

features (24), we found that the MetS group had a higher

proportion of Ki-67≤14 patients. This finding may be due to
Frontiers in Oncology 07
the notion that lower Ki67 expression is associated with

decreased metabolic activity, but more research is needed to

reveal specific mechanisms (25). The MetS group had more

childbirths than the non-MetS group. This is probably due to

pregnancy involving marked alterations in metabolic

parameters, including reduced insulin sensitivity in peripheral

tissues, increased production of insulin from the pancreas, and

accumulation and redistribution of body fat (26, 27). Previous

studies showed that an increased number of births was

associated with type 2 diabetes (28, 29).

In our study, 53 (24.0%) patients achieved pCR after NAC.

The multivariate analysis showed that MetS (P=0.028) and

hormone receptors status were independent predictors of pCR

after NAC in breast cancer. Compared with the non-MetS

group, the MetS group had more difficulty obtaining pCR.

ER-/PR- patients had a higher probability of pCR than

ER+/PR+ patients. In the subgroup analysis, we found that

in the PR (−), HER2 (−), p53(−) and TNBC subgroups, MetS
TABLE 2 Continued

Variable Total (n=221) pCR (n=53) OR CI (95%) P

cT3+cT4 47 (21.3%) 7 (13.2%) 0.487 0.204-1.163 0.105

N Stage

N0 11 (5.0%) 2 (3.8%) Ref. Ref. Ref.

N1+N2+N3 210 (95.0%) 51 (96.2%) 1.443 0.302-6.898 0.646

Hormone receptors

ER+/PR+ 90 (40.7%) 11 (20.8%) Ref. Ref. Ref.

ER+/PR- 31 (14.0%) 5 (9.4%) 1.381 0.439-4.346 0.581

ER-/PR- 94 (42.5%) 37 (69.8%) 4.662 2.193-9.912 <0.001

HER2

Negative 142 (64.3%) 25 (47.2%) Ref. Ref. Ref.

Positive 79 (35.7%) 28 (52.8%) 2.569 1.366-4.832 0.003

Ki67(%)

≤14 58 (26.2%) 7 (13.2%) Ref. Ref. Ref.

>14 163 (73.8%) 46 (86.8%) 2.864 1.212-6.773 0.017

p53

Negative 130 (58.8%) 32 (60.4%) Ref. Ref. Ref.

Positive 91 (41.2%) 21 (39.6%) 0.919 0.489-1.725 0.792

MetS status

No 172 (77.8%) 48 (90.6%) Ref. Ref. Ref.

Yes 49 (22.2%) 5 (9.4%) 0.294 0.110-0.785 0.015

pCR, pathologic complete response; OR, odds ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; MetS,
metabolic syndrome.
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TABLE 3 Multivariate analysis between clinical characteristics and pCR.

Variable OR CI (95%) P

Hormone receptors

ER+/PR+ Ref. Ref. Ref.

ER+/PR- 1.334 0.404-4.403 0.636

ER-/PR- 3.941 1.772-8.766 0.001

HER2

Negative Ref. Ref. Ref.

Positive 1.545 0.770-3.099 0.221

Ki67(%)

≤14 Ref. Ref. Ref.

>14 2.395 0.962-5.962 0.061

MetS status

No Ref. Ref. Ref.

Yes 0.316 0.113-0.886 0.028

pCR, pathologic complete response; OR, odds ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; MetS, metabolic
syndrome.
F
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FIGURE 1

Subgroup analysis of MetS and pCR. MetS, metabolic syndrome; pCR, pathologic complete response; RR, risk ratio; CI, confidence interval; ER,
estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; HER2-E, HER2-enriched; TNBC, triple negative
breast cancer.
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intervention can improve the pCR rate more effectively. This

information should be considered when selecting patients who

are most l ike ly to benefi t f rom NAC. Given that

multicollinearity exists between hormone receptors and

subtypes, the latter was not included in logistic regression

models for analysis. Consistent with the extremely low pCR

rates (0.3%) reported in previous studies (30), no luminal A

patients obtained pCR in our study. The relationship between

MetS and pCR in BC patients who underwent NAC was not

consistent in previous studies. A study of 150 breast cancer
Frontiers in Oncology 09
neoadjuvant chemotherapy (BCNACT) patients which

adopted International Diabetes Federation (IDF) criteria to

diagnose MetS reported that MetS before BCNACT predicted

a lower pCR rate (P=0.003) (31). Tong et al. found that in

HER2-positive BC patients receiving neoadjuvant therapy,

MetS showed a tendency to interfere with NAC effcacy, but

the difference was not statistically significant in multivariate

analysis (32). Similarly, Alan et al. did not identify a

relationship between MetS and pCR in a study of 55

patients (33).
TABLE 4 Changes in metabolic parameters before and after NAC.

Variable Pre-NAC Post-NAC t/Z P

Height (cm) 160.102 ± 5.322 – – –

Weight (kg) 62.887 ± 9.260 63.991 ± 9.389 -1.245 0.214

BMI (kg/m2) 24.524 ± 3.309 24.956 ± 3.370 -1.362 0.174

FBG (mmol/L) 5.300 (4.800-5.800) 5.400 (4.950-5.900) -1.880 0.060

TG (mmol/L) 1.140 (0.785-1.550) 1.730 (1.245-2.490) -8.054 <0.001

TC (mmol/L) 4.693 ± 0.961 5.172 ± 1.053 -5.002 <0.001

HDL-C (mmol/L) 1.620 ± 0.401 1.503 ± 0.392 3.101 0.002

LDL-C (mmol/L) 3.135 ± 0.890 3.572 ± 0.906 -5.121 <0.001

SBP (mmHg) 124.411 ± 20.237 126.883 ± 17.612 -1.369 0.172

DBP (mmHg) 75.813 ± 11.901 76.706 ± 12.441 -0.771 0.441

No. of MetS components 1.440 ± 1.308 2.030 ± 1.321 -4.704 <0.001

NAC, neoadjuvant chemotherapy; BMI, body mass index; FBG, fasting blood glucose; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C; low-
density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; MetS, metabolic syndrome.
frontie
FIGURE 2

Changes in MetS status before and after NAC. MetS, metabolic syndrome; NAC, neoadjuvant chemotherapy.
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TABLE 5 Univariate analysis of hazards ratios for OS and DFS by clinical characteristics and MetS status.

Variable OS DFS

HR CI (95%) P HR CI (95%) P

Age(years)

≤49 Ref. Ref. Ref. Ref. Ref. Ref.

>49 1.509 0.863-2.638 0.149 1.355 0.838-2.190 0.216

Menopause

No Ref. Ref. Ref. Ref. Ref. Ref.

Yes 2.316 1.315-4.079 0.004 1.792 1.108-2.898 0.017

Number of births

0 Ref. Ref. Ref. Ref. Ref. Ref.

1 1.213 0.470-3.126 0.690 1.255 0.564-2.794 0.578

2 1.629 0.574-4.627 0.359 1.507 0.614-3.697 0.370

>2 1.299 0.310-5.436 0.720 0.912 0.236-3.528 0.894

T Stage

cT1+cT2 Ref. Ref. Ref. Ref. Ref. Ref.

cT3+cT4 1.301 0.691-2.448 0.415 1.182 0.674-2.073 0.560

N Stage

N0 Ref. Ref. Ref. Ref. Ref. Ref.

N1+N2+N3 2.786 0.385-20.181 0.311 0.615 0.247-1.529 0.296

Hormone receptors

ER+/PR+ Ref. Ref. Ref. Ref. Ref. Ref.

ER+/PR- 2.107 0.978-4.540 0.057 1.735 0.906-3.324 0.097

ER-/PR- 1.430 0.755-2.707 0.272 0.971 0.564-1.672 0.915

HER2

Negative Ref. Ref. Ref. Ref. Ref. Ref.

Positive 1.478 0.845-2.583 0.171 1.102 0.672-1.808 0.701

Ki67(%)

≤14 Ref. Ref. Ref. Ref. Ref. Ref.

>14 1.334 0.683-2.605 0.399 1.318 0.742-2.341 0.346

p53

Negative Ref. Ref. Ref. Ref. Ref. Ref.

Positive 1.409 0.809-2.456 0.226 1.194 0.737-1.932 0.472

Subtype

Luminal A Ref. Ref. Ref. Ref. Ref. Ref.

(Continued)
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TABLE 5 Continued

Variable
OS DFS

HR CI (95%) P HR CI (95%) P

Luminal B 2.591 0.614-10.946 0.195 2.708 0.741-5.831 0.165

HER2-E 2.408 0.534-10.868 0.253 1.363 0.439-4.225 0.592

TNBC 3.118 0.698-13.933 0.137 1.868 0.615-5.676 0.270

Endocrine therapy

No Ref. Ref. Ref. Ref. Ref. Ref.

Yes 0.818 0.462-1.448 0.491 1.345 0.833-2.172 0.225

Radiation therapy

No Ref. Ref. Ref. Ref. Ref. Ref.

Yes 1.081 0.616-1.896 0.786 1.012 0.625-1.638 0.961

MetS status

No Ref. Ref. Ref. Ref. Ref. Ref.

Yes 2.463 1.391-4.363 0.002 2.213 1.336-3.668 0.002

OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; HER2-E, HER2-enriched; TNBC, triple negative breast cancer; MetS, metabolic syndrome.
F
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TABLE 6 Multivariate analysis of hazards ratios for OS and DFS by MetS components.

Variable OS DFS

HR CI (95%) P HR CI (95%) P

MetS status

No Ref. Ref. Ref. Ref. Ref. Ref.

Yes 2.587 1.359-4.924 0.004 2.228 1.251-3.970 0.007

BMI (kg/m2)

<25 Ref. Ref. Ref. Ref. Ref. Ref.

≥25 1.548 0.852-2.813 0.151 1.609 0.961-2.693 0.071

FBG (mmol/L)

<6.1 Ref. Ref. Ref. Ref. Ref. Ref.

≥6.1 1.902 0.981-3.687 0.057 1.687 0.905-3.147 0.100

TG (mmol/L)

<1.7 Ref. Ref. Ref. Ref. Ref. Ref.

≥1.7 2.452 1.271-4.731 0.007 1.855 1.046-3.291 0.035

HDL-C (mmol/L)

≥1.3 Ref. Ref. Ref. Ref. Ref. Ref.

(Continued)
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After NAC, all metabolic parameters worsened to varying

degrees, and the number of MetS components was significantly

increased (P<0.001). We can learn how quickly metabolic

changes occur during NAC in BC patients who do not have

any severe comorbidities at the time of diagnosis. Consistent

with Tong’s study (32), the major metabolic disturbances

observed were impaired lipid metabolism after NAC. We

found that all blood lipid indices, including TG, TC, HDL-C,

and LDL-C, were significantly worsened (P<0.010) to a greater

extent than other metabolic biomarkers. Dyslipidemia, especially

elevated LDL-C levels, is the most important independent risk

factor for atherosclerotic CVD (34). The mechanism of

dyslipidemia after NAC is unclear. Studies have shown that
Frontiers in Oncology 12
doxorubicin can regulate a series of genes involved in lipoprotein

metabolism in liver cells, such as adenosine triphosphate (ATP)-

binding cassette transporter A1 (ABCA1) and apoA1. In

addition, doxorubicin and paclitaxel increase apoB protein

levels, and paclitaxel decreases low-density lipoprotein

receptor (LDLR) protein levels (35). This result suggests that

long-term management of blood lipid profiles is necessary for

BC patients who have received NAC, especially in patients who

also require endocrine therapy, such as tamoxifen and aromatase

inhibitors, which could alter lipid profiles in different ways

(36, 37).

In survival analysis, we evaluated the association between

MetS and its components with clinical outcomes in BC patients
A B

FIGURE 3

Kaplan-Meier analysis of overall survival (A) and disease-free survival (B) according to MetS status. MetS, metabolic syndrome.
TABLE 6 Continued

Variable
OS DFS

HR CI (95%) P HR CI (95%) P

<1.3 2.069 1.073-3.988 0.030 1.883 1.066-3.327 0.029

Hypertension

No Ref. Ref. Ref. Ref. Ref. Ref.

Yes 1.639 0.883-3.041 0.117 1.802 1.042-3.116 0.035

Number of components

0 components Ref. Ref. Ref. Ref. Ref. Ref.

1–2 components 1.763 0.750-4.144 0.194 1.951 0.949-4.009 0.069

3 components 2.865 1.036-7.922 0.042 2.995 1.250-7.176 0.014

4 components 6.304 1.692-23.492 0.006 4.584 1.335-15.734 0.016

5 components 15.488 3.282-73.083 0.001 12.129 2.833-51.921 0.001

OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; MetS, metabolic syndrome; BMI, body mass index; FBG, fasting blood glucose; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol.
Multivariate analysis adjusted for age, menopausal state, number of births, T Stage, N Stage, hormone receptors status, HER2 status, Ki67, p53 status, molecular subtype, endocrine
therapy and radiation therapy.
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receiving NAC. By combining the results of multivariable

adjusted data, our study showed that MetS was associated with

higher overall mortality (P=0.004) and recurrence risk (P=0.007)

in BC patients who received NAC, and this association was

independent of some known prognostic factors, such as age,

disease stage, and hormone receptors status. These results

strongly indicated that MetS remains an independent predictor

of poor prognosis in BC patients receiving NAC. In our study,

even the presence of a single component of MetS was associated

with an increased risk of recurrence and mortality in BC patients

receiving NAC. In addition, as the number of MetS components

increased, the risk of recurrence and mortality increased

significantly. We observed that the risk of mortality increased

from approximately twofold to greater than 15-fold among

patients in whom the number of MetS components increased

from 1 to 5 compared with those with no MetS components.

Interestingly, among patients without MetS, the risk of

recurrence mortality increased significantly as the number of

MetS components increased. These results indicate that the

greater the extent of metabolic dysregulation, the worse the

outcomes in BC patients receiving NAC. This findings is

consistent with Berrino’s study in early-stage breast cancer

(14). Our study also investigated the impact of individual

MetS components on BC outcome with differing results.

However, as a comprehensive indicator, MetS was a more

precise indicator of prognosis than individual MetS components.

The potential mechanisms between MetS and poor prognosis

in breast cancer are currently under exploration. MetS itself is not a

disease but a series of interdependent abnormal metabolic factors.

Each of the metabolic alterations may be associated with the more

aggressive tumor biology of BC. Insulin resistance (IR) and

hyperinsulinemia are essential to the pathogenesis of type 2

diabetes and obesity (38). Insulin directly promotes breast tissue

and tumor cell proliferation, thus possibly promoting BC

incidence. In addition, hyperinsulinemia increases insulin-like

growth factor 1 (IGF-1) bioavailability by increasing hepatic
Frontiers in Oncology 13
growth hormone receptor expression and repressing hepatic

production of IGF-binding proteins (IGFBP) (39), resulting in

hyperactivation of the Ras-MAPK and PI3K/Akt pathways in

malignant cells to promote cell proliferation (40). Chronic

inflammation, another critical pathophysiological feature of MetS

(41), is also involved in the development and aggression of many

malignancies. This process is characterized by reduced levels of

anti-inflammatory cytokines (such as adiponectin) and high levels

of pro-inflammatory cytokines (42). Adiponectin promotes

glucose and fatty acid metabolism and improves insulin

sensitivity and resistance. Adiponectin induces cell cycle arrest

and apoptosis, increases the expression of the proapoptotic genes

BAD (BCL2-associated agonist of cell death) and TP53 (tumor

protein p53), decreases the antiapoptotic gene BCL2, and reduces

the expression of CCND1 (cyclin D1) and CCNE2 (cyclin E2) in

breast cancer cells, thereby inhibiting growth, invasion, and

migration and inducing apoptosis of cancer cells (43). As the

aromatase enzyme synthesizes estrogens in adipose tissue from

circulating androgens, obesity could promote estrogen production

(40), especially estradiol. This process also reduces adiponectin

production, thereby attenuating the antitumor effect of adiponectin

(44). Similarly, adiponectin levels are reduced in patients with

diabetes and coronary heart disease. Furthermore, cholesterol

promotes tumor growth and metastasis in BC through the PI3K/

Akt signaling pathway (45). The mechanisms of the different

molecular pathways involved in MetS and poor prognosis in

patients with BC deserve further investigation.

Several limitations of this study should be noted. First, as a

single-center study, our samples are obtained from single provinces

in China, which may increase the heterogeneity between samples.

The conclusion from this study needs to be verified in a larger and

racially diverse population. Second, the diagnosis of MetS in our

study was based on NCEP-ATPIII criteria. However, as a

retrospective study, we did not have waist circumference data of

patients, so we replaced waist circumference with BMI, which is

more consistent with the actual Chinese characteristics. Third, we
A B

FIGURE 4

Kaplan-Meier analysis of overall survival (A) and disease-free survival (B) according to number of MetS components.
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did not have medical treatment information for hyperglycemia,

dyslipidemia, and hypertension in patients with MetS; thus, the

number of patients with MetS was underestimated. In addition,

this study did not exclude the interference from targeted therapy in

the assessment of response to NAC in BC patients. In our study,

only 17 (21.5%) of HER2-positive BC patients received targeted

therapy with trastuzumab before surgery due to financial

limitations. Trastuzumab has been covered by insurance in

China only since 2017, and this information should be

considered in further studies.
Conclusion

In BC patients who received NAC, MetS was associated with

poor outcomes, including a lower pCR rate and increased risk of

recurrence and mortality, suggesting that timely MetS

intervention is needed for a better prognosis.
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