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outcomes in early breast cancer patients
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Abstract

Background: The association between dyslipidaemia and breast cancer remains controversial,
especially regarding the dynamic changes in lipid levels.

Objectives: This study aimed to elucidate the role of serum lipid levels and the changes in
disease outcomes in patients with breast cancer.

Methods: The lipid profiles of patients with breast cancer who underwent surgery between
2013 and 2017 were retrospectively reviewed. The lipid profiles comprised triglyceride (TG),
total cholesterol, high-density lipoprotein (HDL), and low-density lipoprotein. Serum lipid
levels were categorized into three groups based on the tertiles. The Wilcoxon test was used
to compare changes in serum lipid levels during follow-up. Hazard ratios (HRs) for survival
outcomes were estimated using a multivariate Cox regression analysis.

Results: A total of 3499 women diagnosed with nonmetastatic invasive breast cancer were
included in this study, with a median follow-up of 60.4 months. We confirmed that each
1-tertile increased TG at baseline [HR=1.19, 95% confidence interval (CI) 1.02-1.39] and
1-year follow-up (HR=1.46, 95% CI 1.07-1.98] led to worse relapse-free survival (RFS). A
lower risk of disease relapse was observed with each 1-tertile upregulation in HDL at 1-year
follow-up (HR=0.72, 95% Cl 0.56-0.92). Receiving systemic therapies tends to induce an
elevation in plasma lipid levels 1year after surgery, especially in terms of TG. Regarding the
prognostic value of dynamic changes in lipid levels, patients with sustained high levels of TG
had poorer RFS (HR=1.90, 95% CI 1.16-3.11), whereas maintaining high levels of HDL led to

better survival (HR=0.60, 95% CI 0.37-0.97).

Conclusion: High TG at baseline and during follow-up was associated with worse disease
outcome in early breast cancer patients. Systemic treatment would lead to an elevation of
serum lipid levels. Patients with sustained high HDL level at 1-year follow-up after surgery
had a superior prognosis, warranting further clinical evaluation.
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Introduction

According to GLOBOCAN 2020, breast cancer
in women has surpassed lung cancer and ranked
first in cancer incidence worldwide, with an esti-
mated 2.3 million new cases per year.! Breast
cancer is the leading cause of cancer-related mor-
tality among women. Thus, efforts are constantly
being made to explore convenient and effective
predictors of disease outcomes that can guide
timely interventions to improve patient survival.

Lipids are the main structural and functional
components of cell membranes and play vital
roles in cell signal transduction, inflammation,
and energy storage. Reprograming of lipid metab-
olism has been identified as a new hallmark of
cancer. It enhances the propagation of oncogenic
signaling via growth factor pathways and contrib-
utes to tumor proliferation and invasion.?*
Epidemiological studies have shown that high-fat
diet is associated with an increased risk of many
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malignancies.> Lipids also serve as prognostic
biomarkers for several types of cancer, including
breast cancer.®

Dyslipidaemia refers to increased levels of triglyc-
erides (T'G), total cholesterol (T'C), and low-den-
sity lipoprotein (LDL) and decreased levels of
high-density lipoprotein (HDL).” It is a compo-
nent of metabolic syndrome, a type of multifacto-
rial metabolic disease taking into account the
presence of at least three factors, including
abdominal obesity/high body mass index (BMI),
insulin resistance, hypertension, hypertriglyceri-
demia, and low HDL.® And dyslipidaemia is
related to the occurrence and development of
breast tumors.® Generally, high levels of “bad”
serum lipid (T'G, TC, and LDL) and low levels of
“good” serum lipid (HDL) are associated with
poor prognoses of breast cancer.%-14 However,
conflicting results indicate that patients with
hyperlipidemia can achieve better clinical out-
comes.!>16 Further studies are needed to elucidate
the prognostic potential of serum lipid levels.

Currently, serum lipid levels are not routinely
monitored in patients with breast cancer. In addi-
tion, data on changes in lipid levels during the
follow-up period and their association with dis-
ease outcomes are still lacking. Based on our pre-
vious study, some patients with different
metabolic conditions showed different response
to treatments and outcomes, Therefore, we con-
ducted this retrospective analysis to explore the
potential prognostic value of metabolic syndrome,
especially the circulating lipid levels and their
changes, on breast cancer patients’ survival,
which may prompt us the importance and feasi-
bility to monitor patients’ basal metabolism to
make intervene in time.

Materials and methods

Study population

Data of patients diagnosed with invasive breast
cancer who underwent surgical treatment between
2013 and 2017 at the Comprehensive Breast
Health Center, Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine, were retro-
spectively reviewed. Patients who met the follow-
ing criteria were included: (1) female sex; (2)
absence of distant metastasis; (3) complete clin-
icopathological and follow-up information; and
(4) medical records of serum lipid profiles within
1week before surgery. Patients who received

neoadjuvant therapy or were diagnosed with de
novo stage IV breast cancer were excluded. Cohort
0 comprised all the eligible patients. Among
cohort y0, those with available records of serum
lipid at 1 year after surgery and no disease relapse
within the first year were further classified as
cohort y1. This study was approved by the inde-
pendent Ethical Committees of Ruijin Hospital,
Shanghai Jiao Tong University School of
Medicine. All procedures were in accordance
with the ethical standards of the institutional and/
or national research committee and with the 1964
Helsinki declaration and its later amendments.

Laboratory examinations

Serum lipid levels, including TG, TC, HDL, and
LDL, of the enrolled patients were measured
using fasting blood samples collected before sur-
gery and during follow-up. Laboratory tests were
conducted on fresh blood samples obtained from
the Department of Clinical Laboratory at Ruijin
Hospital. Lipid levels were then categorized into
three groups by tertile values in the cohort y0 as
cutoffs: TG (<0.95, =0.95 and <1.44, =1.44),
TC (<4.43, =4.43 and <5.27, =5.27), HDL
(<1.21, =1.21 and <1.49, =1.49), and LDL
(<2.61, =2.61 and <3.29, =3.29).
Histopathological information, including tumor
size, lymph node status, estrogen receptor (ER)
status, progesterone receptor (PR) status, human
epidermal growth factor receptor 2 (HER2) sta-
tus, and Ki-67 index, was determined by the
Department of Pathology. The molecular classifi-
cation was divided into five categories. Luminal A
subtype: ER+, PR=20%, HER2-, and Ki67 <
14%; Luminal B (HER2-) subtype: ER+,
HER2-, and PR<20% or Ki67 = 14%; LLuminal
B (HER2+) subtype: ER+ and HER2+;
HER?2 + subtype: ER—, PR—, and HER2+; and
(triple-negative breast cancer) TNBC subtype:
ER—-, PR—, and HER2-.17

Outcomes

Follow-up information for all patients was col-
lected during outpatient reviews and telephone
interviews. The primary end point was relapse-
free survival (RFS), defined as the period from
the date of surgery to local recurrence, distant
metastasis, or death as a result of any cause, or
time at censor. The secondary endpoint overall
survival (OS) was calculated from the date of
surgery to death from any cause or the last
follow-up.18
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Statistical analysis

The Wilcoxon test was used to compares changes
in serum lipid levels during follow-up. A Cox pro-
portional hazards regression model with a 95%
confidence interval (CI) was used to calculate the
association between serum lipid levels and prog-
nosis in patients with breast cancer. Age, BMI,
menopausal status, ER status, PR status, HER2
status, Ki67, tumor size, lymph node status, and
systemic therapy (chemotherapy, endocrine ther-
apy, and targeted therapy) were included in the
multivariable analyses. Interactive analyses were
performed to evaluate whether these associations
varied across subgroups.

All statistical analyses were performed using IBM
SPSS Statistics software (version 26.0; SPSS
Inc., Chicago, IL, USA). A two-sided p value
<0.05 was considered statistically significant.

Results

Characteristics of study populations in
cohorty0andyl

A total of 3757 patients were reviewed, and 3499
patients were included in cohort y0. Among the
general population, 1616 patients with available
lipid information at 1-year follow-up were
enrolled in cohort y1 (Supplemental Figure S1).
The clinical characteristics and metabolic fea-
tures are shown in Table 1.

In cohort y0, 2153 (61.5%) patients were postmeno-
pausal. A total of 1331 (38.0%) patients had
BMI=24kg/m?. Regarding the pathological stage,
pT1 tumor accounted for 59.4% (2079 patients) and
lymph node-positive disease accounted for 32.9%
(1152 patients). ER-positive and HER2-positive
tumors were found in 2545 (72.7%) and 840 (24.0%)
patients, respectively. Lipid levels were classified into
three categories based on the tertile values. A history
of hypertension or diabetes mellitus was found in 909
(26.0%) and 256 (7.3%) patients, respectively. A
total of 426 patients (12.2%) had metabolic syn-
drome. In cohort yl, 625 (38.7%) patients had
BMI = 24 kg/m?. Postmenopausal patients accounted
for 65.8% (1064 patients). A total of 1015 (62.8%)
patients had tumors <2cm, and 509 (31.5%) patients
had lymph node metastasis. ER-positive and HER2-
positive tumors accounted for 81.5% and 20.0%,
respectively. A total of 242 (15.0%) patients had met-
abolic syndrome.

Table 1. Clinicopathological and metabolic
characteristics of patients in cohort y0 and cohort y1.

Characteristic Cohort y0 Cohort y1
(N=3499) (N=1616)

Age, years

<55 1760 (50.3) 716 (44.3)

>55 1739 (49.7) 900 (55.7)
BMI, kg/m?

<24 2168 (62.0) 991 (61.3)

=24 1331 (38.0) 625 (38.7)
Menopausal status

Premenopausal 1346 (38.5) 552 (34.2)

Postmenopausal 2153 (61.5) 1064 (65.8)
Histological types

IDC 3127 (89.4) 1436 (88.9)

ILC 99 (2.8) 48(3.0)

Others 273(7.8) 132(8.1)
Histological grade

| 253(7.2) 130 (8.0

Il 1575 (45.0) 763 (47.2)

1l 1185 (33.9) 483(29.9)

Unknown 486 (13.9) 240 (14.9)
Tumor size (cm)

<2 2079 (59.4) 1015 (62.8)

>2 1420 (40.6) 601 (37.2)
Lymph node status

N- 2347 (67.1) 1107 (68.5)

N+ 1152 (32.9) 509 (31.5)
ER status

Positive 2545 (72.7) 1317 (81.5)

Negative 954 (27.3) 299 (18.5)
PR status

Positive 2101 (60.0) 1100 (68.1)

Negative 1398 (40.0) 516 (31.9)

(Continued)
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Table 1. (Continued] Baseline serum lipids and prognosis
During a median follow-up time of 60.4 months,
a total of 281 endpoint events were involved,
(N=3499) (N=1616) including 178 relapses and 103 deaths. Among
them, 12 deaths were caused by non-breast can-
cer. Therefore, 95.73% of RFS events and
Positive 840 (24.0) 324 (20.0) 88.35% of OS events were directly driven by
breast cancer. In general, increasing tertiles of
baseline TG were associated with poor prognosis
Ki67 of breast cancer [hazard ratio (HR)=1.22, 95%
CI 1.06-1.41, p=0.01] (data not shown).

Characteristic Cohort y0 Cohort y1

HER2 status

Negative 2659 (76.0) 1292 (80.0)

<14% 1212 (34.6] 616 (38.1] However, no significant association was observed
~14% 2287 (65.4) 1000 (61.9) between baseline TC, HDL, or LDL levels and

prognosis.

Subtypes

: Multivariate analysis demonstrated that patients
Luminat A 74 (204) 378 (23.4) with the highest tertile of baseline TG had the
Luminal B 1454 (41.6) 756 (46.8) worst RFS (HR=1.44, 95% CI 1.05-1.96,
(HER2-] $£=0.02) and OS (HR=1.64, 95% CI 0.96-2.78,
Luminal B 388 (11.1) 187 (11.6) p»=0.07) compared to those with the lowest levels
(HER2+) of TG. The corresponding HR of each 1-tertile
increase in baseline TG was 1.19 (95% CI 1.02—
HER2+ 452(12.9) 137(8.5] 1.39, p=0.02) for RFS and 1.26 (95% CI 0.98—
TNBC 491 (14.0) 158 (9.7) 1.63, p=0.07) for OS (Table 2). The estimated
5-year RFS rates were 93.1%, 91.7%, and 90.1%
Hypertension® for patients in the low, intermediate, and high ter-
Yes 909 (26.0) 448 (27.9) tiles of baseline TG, and the estimated 5-year OS

rates were 97.7%, 96.4%, and 96.3%, respec-
No 2590 (74.0) 1168 (72.1) tively (Table 2). The impact of other possible fac-
tors in RFS and OS was shown in Supplemental
Table S1. Furthermore, subgroup analysis dem-
Yes 256 (7.3) 122 (7.6) onstrated that the relationship was consistent
across different stratifications according to age,
BMI, menopausal status, history of hypertension,
diabetes mellitus, metabolic syndrome, and histo-
pathological features (p for interaction >0.1;

Diabetes mellitus®

No 3243 (92.7) 1494 (92.4)

Metabolic syndrome?

Yes 426 (12.2) 242 (15.0) Figure 1).
No 3073 (87.8) 1374 (85.0)
Metabolic abnormalities? Dynamic changes of serum lipids and the

association with prognosis

Systemic therapies can alter lipid profiles.
1 1037 (29.6) 499 (30.9) Notably, the concentration of TG increased sig-
nificantly in all therapy modalities (p<<0.001).

0 1393 (39.8) 506 (31.3)

2 639 (18.3]) 490(30.3] Meanwhile, endocrine therapy and endo-chemo-
3 306 (8.7) 189 (11.7) therapy led to an increa§e in pla.sma HDL con-
centration. Among patients without adjuvant

4 102 (2.9) 47(2.9) treatment, no significant change in serum lipid
5 18 (0.5) 6 (0.4) levels was observed (Supplemental Figure S2).
When using tertile lipid levels to categorize

BMI, body mass index; HER 2, human epidermal growth patients into three groups, 736 patients (45.5%)
factor receptor 2; TNBC, triple-negative breast cancer. in the TG group underwent a change. A total of

aMetabolic ch teristics. .
elabolic characteristics 106 patients (6.6%) changed from the lowest to
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Table 2. Multivariable Cox regression analysis with RFS and OS according to tertiles of serum lipids at baseline.

Parameter Relapse-free survival 5-Year Overall survival 5-Year 0S (%)
Patients Cases HR(95% Cl) P RFS (%) Cases HR(95% Cl) p
TG, mmol/L
<0.95 1145 73 1.00 (Ref.) 93.1 24 1.00 (Ref.) 97.7
=0.95, <1.44 1176 95 1.28 (0.94-1.75) 012 91.7 36 1.43 (0.84-2.43) 0.19 96.4
=144 1178 113 1.44 (1.05-1.96) 0.02 90.1 43 1.64(0.96-2.78) 0.07 96.3
Each 1-tertile increase 1.19 (1.02-1.39) 0.02 1.26 (0.98-1.63) 0.07
TC, mmol/L
<4 43 1157 92 11.00 (Ref.) 92.2 39 11.00 (Ref.) 96.5
=443, <5.27 1173 92 1.04 (0.77-1.39) 0.81 91.5 33 0.86 (0.53-1.38) 0.52 96.7
=527 1169 97 1.12(0.83-1.52) 0.45 91.2 31 0.77 (0.47-1.27) 0.30 97.2
Each 1-tertile increase 1.06 (0.91-1.23) 0.45 0.88(0.68-1.13) 0.30
HDL, mmol/L
<1.21 1163 98 1.00 (Ref.) 91.6 38 1.00 (Ref.) 96.5
=1.21, <1.49 1150 101 11.08 (0.82-1.43) 0.57 90.5 39 1.04 (0.67-1.64) 0.85 96.2
=1.49 1186 82 0.92 (0.69-1.25) 060  92.7 26 0.76 (0.46-1.26) 0.29 97.6
Each 1-tertile increase 0.97(0.83-1.12) 0.63 0.88(0.69-1.13) 0.32
LDL, mmol/L
<261 1165 9% 1.00 (Ref.) 91.9 38 1.00 [Ref.) 96.5
=261, <3.29 1163 86 0.91(0.67-1.22) 053  92.2 31 0.79 (0.49-1.29) 0.35 96.9
=3.29 1171 101 11.10 (0.82-1.48) 0.54 90.8 34 0.82(0.50-0.34) 0.43 96.9
Each 1-tertile increase 1.05 (0.90-1.22) 0.53 0.90 (0.70-1.16) 0.42

HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein; OS, overall survival; RFS, relapse-free survival; TC, total cholesterol; TG, triglyceride.

the highest tertile, and four patients (0.2%)
changed in reverse. Regarding HDL levels, 642
(39.7%) patients showed a shift in the lipid-level
category. There were 56 patients (3.5%) with
elevated HDL levels from the lowest to the high-
est tertiles, and HDL levels were downregulated
in 26 patients (1.6%; Supplemental Figure S3).
Univariable and multivariable analysis showed
that BMI= 24 kg/m? (ORg,, pign 76 = 1.97, 95% CI
1.58-2.44, p<0.01; OR;., 1o upr.=1.778 95% CI
1.41-2.25, p<0.01) and history of hypertension
(OR ¢ highta =1.53,95% CI 1.18-1.97, p<0.01;
ORg,; jow mpL. = 1.56, 95% CI 1.20-2.03, p<0.01)

were significant independent predictors of both
high TG (in tertile 3) and low HDL (in tertile 1;
Table 3).

Regarding the prognostic value of changes in lipid
levels, patients with TG maintained at high levels
had the worst RFS (HR=1.90, 95% CI 1.16—
3.11, p=0.01). The estimated 5-year RFS rates
were 94.5, 92.9, 95.1, and 91.4% for patients
with changes in TG from tertile 1/2 to tertile 1/2,
tertile 1/2 to tertile 3, tertile 3 to tertile 1/2, and
tertile 3 to tertile 3, respectively. In addition, sus-
tained high levels of HDL were associated with
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Relapse-free survival Overall survival
Stratification HR (95%CI) Pfor interaction HR (95%Cl) P for interaction
Overall —a— 1.20 (1.03-1.40) —a— 1.26 (0.98-163)
Age, years 0913 0.948
<55 [E S —— 1,14 (0.93-1-40) I | 1.24 (0.88-1-75)
>55 S 1.26 (0.99-1.59) ———1 1.27 (0.87-1.85)
BMI, kg/m? 0.314 0.744
<24 H—— 1.13 (0.93-1.37) ] 1.34 (0.97-1.84)
=24 ——ry 1.34(1.04-1.74) — 119 (0.78-1.82)
Menopausal status 0.970 0922
Premenopausal ——— 1.14 (0.90-1.45) —a— 1.23 (0.81-1.87)
Postmenopausal —a— 1.22 (1.00-1.49) [ — 1.26 (0.90-1.73)
Hypertension 0615 0855
No —— 119 (1.00-1.41) s 129(0.97-1.72)
Yes [ S — 1.20 (0.85-1.71) e — 1.14 (0.63-2.06)
Diabetes Melitus o067 0609
No = 1.20 (1.03-140) - 1.28 (0.99-1,67)
Yes | 1.15 (0.54-2.45) 0.87 (0.27-2.82)
Metabolic syndrome 0.588 0.869
No —a— 1.22 (1.04-1.44) — 1.31(1.00-1.72)
Yes I 1.00 (050-2.03) 097 (0.263.59)
Histological grading 0.278 0.394
| NA NA NA NA
I P 1.51 (1.18-1.93) L e — 1.37(0.90-2.10)
n —— 1.01 (0.80-1.27) —— 1.14 (0.79-1.65)
Tumor size 0.243 0.627
s2em - 1.17 (0.91-1.50) Y 117 (0.74-1.83)
>2cm —a— 1.23 (1.01-1.49) R 1.32 (0.97-1.80)
Lymph node status 0.774 0.228
N- H—— 1.17 (0.93-1.47) ——— 0.89 (0.57-1.41)
N+ = 1.23 (1.00-1.51) e 1.52 (1.11-2.07)
ER status 0918 0.734
Negative = 1.09 (0.86-1.39) = 1.20 (0.89-1.92)
Positive - 1.22 (1.00-1.48) ] 1.26 (0.89-1.76)
PR status 0.825 0.353
Negative - 1.13 (0.92-1.38) ] 1.35 (0.98-1.86)
Positive - 1.28 (1.01-1.61) —_— 1.12(0.73-1.70)
HER? status 0.710 0793
Negative e 1.26 (1.05-1.51) H—a— 1.25 (0.93-1.68)
Positive i 1.06 (0.79-1.41) L — 1.33 (0.77-227)
Ki67 0605 0831
<14% A 1.23 (0.85-1.77) 1.26 (0.60-2 66)
214% —o— 1.18 (1.00-1.40) . 1.29 (0.98-1.69)
Subtypes 0.810 0.704
Luminal A — 1.04 (0.55-1.94) 0.95 (0.27-3.26)
Luminal B(HER2-) —— 1.32 (1.05-1.67) —_—. 1.32 (0.89-1.94)
Luminal B(HER2+) _— 1.24 (0.72-2.12) { 0.68 (0.23-2.02)
HER2+ —a— 0.98 (0.69-1.39) 1.61(0.82-3.13)
TNBC ———y 1.16 (0.83-1.64) —_—— 1.17 (0.70-1.95)
[ 2 3 1 2 3

Hazard Ratio (95% Gl)

Hazard Ratio (95% CI)

Figure 1. Multivariable adjusted hazard ratio (95% Cl) of RFS and 0S according to each 1-tertile increase in TG

across stratifications of clinical characteristics.

0S, overall survival; RFS, relapse-free survival; TG, triglyceride.

the lowest risk of disease relapse (HR=0.60, 95%
CI 0.37-0.97, p=0.04; Table 4). And the esti-
mated 5-year RFS were 90.9, 94.9, 88.2, and
94.2% for patients with changes in HDL from
tertile 1 to tertile 1, tertile 1 to tertile 2/3, tertile
2/3 to tertile 1, and tertile 2/3 to tertile 2/3. No
correlations were observed between OS and
changes in TG or HDL levels.

Serum lipids at 1-year follow-up

and prognosis

A total of 102 RFS events were observed in cohort
1, with a median follow-up time of 51.9 months.
In general, increasing tertiles of TG at 1-year fol-
low-up was associated with elevated risk of dis-
ease relapse (HR=1.42, 95% CI 1.06-1.91,
p»=0.02), and HDL was related to more favorable
clinical outcomes (HR=0.70, 95% CI 0.56-0.89,

$»<0.01; data not shown). No significant rela-
tionship with OS was observed.

In multivariable analysis, high TG levels were
associated with poor RFS with an HR of 1.46
(95% CI 1.07-1.98, p=0.02) for each 1-tertile
increase at 1-year follow-up. Moreover, the risk of
disease relapse decreased (HR=0.72, 95% CI
0.56-0.92, p=0.01) with each 1-tertile increase in
HDL (Table 5). The estimated 5-year RFS rates
were 94.0%, 93.5%, and 90.6% for patients in the
low, intermediate, and high tertiles of TG at 1-year
follow-up and 88.9%, 93.1%, and 93.0% in
patients in the three tertiles of HDL, respectively
(Table 5). The correlation between TG or HDL
levels and clinical outcomes was consistent across
all subgroups (p for interaction >0.1; Figure 2).
However, no significant relationship was observed
between follow-up serum lipid levels and OS.
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Table 3. Univariable and multivariable analysis on odds ratio (95% Cl) of high TG and low HDL according to major characteristics at

1-year follow-up.

Characteristic

High TG (in tertile 3)

Low HDL (in tertile 1)

Univariable analysis

Multivariable analysis

Univariable analysis

Multivariable analysis

OR (95% Cl) P OR (95% CI) P OR (95% Cl) P OR (95% CI) P

Age, years

<55 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

>55 1.60 (1.31-1.95)  <0.01 0.77 (0.55-1.09)  0.14 1.41 (1.13-1.77) <0.01 0.99 (0.68-1.44) 0.96
BMI, kg/m?

<24 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

=24 2.29(1.86-2.82)  <0.01 1.97 (1.58-2.44)  <0.01  2.03(1.62-2.54) <0.01 1.78 (1.41-2.25) <0.01
Menopausal status

Premenopausal 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Postmenopausal 1.98 (1.61-2.44)  <0.01 2.00(1.40-2.85) <01 1.52(1.19-1.93) <0.01 1.17 (0.79-1.74) 0.43
Hypertension

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 5.00 (3.91-6.40)  <0.01 1.53(1.18-1.97)  <p.01  1.90(1.50-2.40] <0.01 1.56 (1.20-2.03) <0.01
Diabetes mellitus

No 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Yes 1.79 (1.21-2.64)  <0.01 1.24(0.82-1.87)  0.31 2.14 (1.47-3.11) <0.01 1.64(1.11-2.43) 0.01
Chemotherapy

No 1.00 (Ref.) 1.00 (Ref.)

Yes 1.02 (0.83-1.26)  0.86 1.27 (1.00-1.60)  0.05 1.11(0.88-1.41) 0.39 1.26 (0.97-1.65) 0.08
Endocrine therapy

No 1.00 (Ref.) 1.00 (Ref.)

Yes 1.17(0.91-1.51)  0.22 1.24(0.94-1.63) 0.13 0.90(0.68-1.19) 0.45 0.93(0.69-1.27) 0.66
Targeted therapy

No 1.00 (Ref.) 1.00 (Ref))

Yes 0.86(0.67-1.11)  0.26 0.89(0.67-1.19)  0.43 1.07 (0.80-1.43) 0.65 1.05 (0.77-1.45) 0.75

HDL, high-density lipoprotein; HR, hazard ration; TG, triglyceride.

Discussion

In the current study, we comprehensively analyzed
the role of serum lipids at two time points, as well
as changes in the risk of disease relapse in 3499
patients with invasive breast cancer. Our study
demonstrated that high TG levels at both baseline

and 1year after surgery increased the risk of recur-

rence, whereas high HDL levels served as a protec-
tive metabolic marker and were associated with
longer disease outcomes.
especially endocrine therapy, causes an increase in
circulating serum lipid levels, providing additional

Systemic treatment,
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Table 4. Multivariable Cox regression analysis with RFS according to the changes of tertiles of lipids.

Parameter Patients  Cases HR (95% CI) p 5-Year RFS (%)
TG, mmol/L?
Tertile 1/2-tertile 1/2 648 31 1.00 (Ref.) 94.5
Tertile 1/2-tertile 3 412 29 1.50 (0.89-2.51) 0.13 92.9
Tertile 3-tertile V2 74 3 0.74 (0.23-2.45) 0.63 95.1
Tertile 3-tertile 3 482 38 1.90 (1.16-3.11) 0.01 91.4
TC, mmol/Lb
Tertile 1/2-tertile 1/2 746 48 1.00 (Ref.) 93.2
Tertile 1/2-tertile 3 271 23 1.46 (0.88-2.42) 0.15 90.3
Tertile 3-tertile 1/2 158 10 1.28 (0.64-2.57) 0.49 90.6
Tertile 3-tertile 3 441 21 0.79 (0.46-1.35) 0.38 94.7
HDL, mmol/L¢
Tertile 1-tertile 1 296 27 1.00 (Ref.) 90.9
Tertile 1-tertile 2/3 216 10 0.60 (0.29-1.25) 0.17 94.9
Tertile 2/3-tertile 1 129 17 1.40 (0.76-2.60) 0.28 88.2
Tertile 2/3--tertile 2/3 975 48 0.60 (0.37-0.97) 0.04 94.2
LDL, mmol/Ld
Tertile 1/2-tertile 1/2 726 48 1.00 (Ref.) 92.7
Tertile 1/2-tertile 3 286 19 0.98 (0.57-1.70) 0.95 92.9
Tertile 3-tertile 1/2 154 1" 1.24(0.63-2.43) 0.53 92.4
Tertile 3-tertile 3 450 24 0.85(0.51-1.43) 0.5% 94.2

Hyphen indicated changes in lipid tertiles.

aTG tertiles: 1: <0.95mmol/L, 2: =0.95, and <1.44mmol/L, 3: =1.44 mmol/L.

bTC tertiles: 1: <4.43mmol/L, 2: =4.43, and <5.27 mmol/L, 3: =5.27 mmol/L.

cHDL tertiles: 1: <1.21mmol/L, 2: =1.21, and <1.49 mmol/L, 3: =1.49 mmol/L.

dLDL tertiles: 1: <2.61mmol/L, 2: =2.61, and <3.29 mmol/L, 3: =3.29 mmol/L.

HR, hazard ratio; HDL, high-density lipoprotein; HR, hazard ration; LDL, low-density lipoprotein; OS, overall survival; RFS,

relapse-free survival; TC, total cholesterol; TG, triglyceride.

prognostic value. Sustained high TG or low HDL
levels during the disease course are associated with
unfavorable outcomes.

Considering the influence of systemic treatment
on lipid metabolism, we found that patients who
received systemic therapies tended to have
increased serum lipid levels. Changes in lipid pro-
files are primarily caused by endocrine therapy.
Wasan er al. suggested that patients treated with
tamoxifen had significantly decreased TC and

LDL and increased TG and HDL due to its estro-
gen-like properties.!® Consequently, these would
lead to venous thrombosis, fatty liver, and lipid
dysfunction as common adverse effects.20
Regarding aromatase inhibitors (AI), Elisaf er al.
reported that 8-16weeks of Al in postmenopausal
women increased TC and LDL levels.?! Indeed,
the circulating estrogen level is closely related to
lipid metabolism, including hepatic lipid accumu-
lation, lipogenesis as well as the inflammation of
adipose tissue.?223 Several previous studies have
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Table 5. Multivariable Cox regression analysis with RFS and OS according to tertiles of serum lipids at 1-year follow-up.

Parameter RFS 5-Year RFS (%) 0S 5-Year 0S (%)
Patients Cases HR(95% Cl) p Cases HR(95% Cl) p
TG, mmol/L
<0.95 235 " 1.00 (Ref.) 94.0 2 1.00 (Ref.] 98.5
=0.95, < 1.44 487 23 1.16 (0.57-2.38) 0.85 93.5 9 2.37 (0.50-11.27) 0.28 98.2
=144 894 68 1.78 (0.92-3.45) 0.07 90.6 20 2.48(0.56-11.06) 0.23 97.9
Each 1-tertile increase 1.46 (1.07-1.98) 0.02 1.35(0.77-2.36) 0.30
TC, mmol/L
< 4L.43 422 30 1.00 (Ref.) 92.4 8 1.00 (Ref.) 97.5
=443, < 5.27 482 28 0.70 (0.41-1.18) 0.18 94.1 9 0.71(0.27-1.88) 0.49 97.9
=527 712 L4 0.82 (0.51-1.34) 0.44 93.0 14 0.76 (0.30-1.90) 0.55 97.7
Each 1-tertile increase 0.92(0.72-1.19) 0.52 0.89 (0.46-1.42) 0.61
HDL, mmol/L
<1.21 425 4 1.00 (Ref.) 88.9 13 1.00 (Ref.) 9.8
=121, <1.49 511 26 0.53 (0.33-0.86) 0.01 93.1 10 0.71(0.31-1.63) 0.41 97.4
=1.49 680 32 0.53(0.33-0.85) 0.01 93.0 8 0.50 (0.20-1.24) 0.13 98.5
Each 1-tertile increase 0.72 (0.56-0.92) 0.01 0.71(0.45-1.11) 0.13
LDL, mmol/L
<2.61 432 33 1.00 (Ref.) 92.1 10 1.00 (Ref.) 97.2
=261, <329 448 26 0.67(0.39-1.13)  0.13 935 6 0.39 (0.14-1.11) 0.08 98.6
=3.29 736 43 0.70 (0.43-1.15) 0.16 93.7 15 0.57 (0.24-1.35) 0.20 97.5
Each 1-tertile increase 0.85 (0.66-1.09) 0.19 0.79 (0.50-1.25) 0.31

HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein; OS, overall survival; RFS, relapse-free survival; TC, total cholesterol;

TG, triglyceride.

shown that patients receiving chemotherapy have
worse lipid metabolism, manifested as increased
TG, TC, and LDL concentrations and decreased
HDL levels; these changes are greater in premen-
opausal patients than in postmenopausal popula-
tions.?* The use of glucocorticoids in combination
with chemotherapy may explain this finding. It
also enhances systemic oxidative stress, resulting
in lipid peroxidation in the liver. In addition,
chemotherapy-induced suppression of ovarian
function and chemotherapy-related metabolic dis-
orders may contribute to changes in serum lipid
levels.25:26 In general, our results suggested that
the detection of plasma lipid is reasonable in

patients with breast cancer, particularly those
receiving endocrine therapy or chemotherapy.

The relationship between lipid profile and breast
cancer has been extensively studied. Theoretically,
tumor cells require more structural lipids for
membrane synthesis, lipid signaling, and inflam-
mation activation. In preclinical studies, breast
cancer cell lines showed altered lipid metabolism
compared to normal mammary epithelial cells.?7
Our results indicated that high TG levels were
related to poor outcomes in patients with early-
stage breast cancer. Similarly, Harborg et al. dem-
onstrated that dyslipidaemia is associated with an
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Figure 2. Multivariable adjusted hazard ratio (95% Cl) of RFS since 1-year follow-up according to each

1-tertile increase in TG (a) and HDL (b) across stratifications of clinical characteristics.
HDL, high-density lipoprotein; RFS, relapse-free survival; TG, triglyceride.
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increased risk of breast cancer recurrence and
metastasis.?? In addition, the results of a competi-
tive risk analysis showed that patients with higher
TG levels had an increased risk (HR=1.87) of
breast cancer-specific mortality.28 However, stud-
ies by Li er al. as well as Jung ez al. have indicated
that high TG levels could be a favorable prognos-
tic factor for breast cancer.!%15 A plausible reason
for the difference lies in that cardiovascular-asso-
ciated deaths due to elevated TG levels would
reduce the occurrence of breast cancer-related
adverse events. Another possible mechanism is
the use of lipid-lowering agents such as statins.%2°

From another aspect, HDL, conventionally con-
sidered a “good lipid,” plays a protective role in
patients with breast cancer in this study. Li!2 and
Lofterad et al. 13 observed consistent results, espe-
cially among patients with TNBC. Gutpa er al
also found that low HDL levels were associated
with an increased risk of TNBC (OR=2.67).30 In
addition, literature also reported that women with
type 2 diabetes mellitus had an increased risk of
breast cancer, partly due to the formation of func-
tionally defective HDL particles. The underlying
mechanism mainly involves the prevention of lipid
peroxidation.31-33 These results further support
the idea that blood lipid-level testing, as a con-
venient and efficient tool, might be included in the
routine strategy for patients with breast cancer,
while its accuracy and definite value for prediction
should be validated prospectively. Moreover, the
role of lipid-lowering agents could be studied in
well-designed randomized trials before their use
become novel standard strategies.

Furthermore, the effects of changes in plasma
lipid levels on breast cancer prognosis have rarely
been described. We analyzed the relationship
between the dynamic changes in serum lipid levels
during follow-up and long-term patient outcomes.
In terms of TG, the risk of disease relapse increased
when TG remained at a high level in the patients’
circulation. HDL had the opposite effect, and
more favorable survival was observed in patients
with constantly high levels of HDL. This further
strengthened our views on the potential role of
serum lipids in the clinical outcomes of patients
with breast cancer and emphasized the value of
detecting serum lipids during follow-up. Actually,
circulating tumor DNA is a promising liquid
biopsy to monitor recurrence.3435> While the defi-
nite prediction value remains to be validated by
more clinical trials before it become routine prac-
tice. And its cost is still high to afford so far.

The strengths of the present study include the
relatively large sample size and abundant follow-
up information. We demonstrated, for the first
time, the relationship between changes in lipid
levels and breast cancer prognosis. However, this
study had several limitations. First, selection
biases and confounding effects may have been
inevitable owing to the retrospective design of
our study, although we used multivariate analysis
to narrow the influence. Second, due to incom-
prehensive information collection and loss of
data, the information on the use of lipid-lowering
agents like statins and blood lipid levels at multi-
ple time points during follow-up was insufficient.
Therefore, the accuracy and definite predictive
value of these findings were limited. Finally, the
relatively few events number may limit the power
of detecting statistically significant associations
between serum lipid levels and clinical
outcomes.

In conclusion, our study indicated that lipid
abnormality and its change during disease course
in early breast cancer patients was associated with
disease outcomes. Particularly, high TG levels at
baseline and after 1-year follow-up was associated
with worse outcomes. Systemic treatment for
breast cancer could cause an elevation of serum
lipid levels. Early breast cancer patients with sus-
tained high HDL level at 1-year follow-up after
surgery may have a superior prognosis, which
warrants further clinical evaluation.
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