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Adjuvant chemotherapy-associated lipid changes
in breast cancer patients

A real-word retrospective analysis
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Abstract N\
Adjuvant chemotherapy may cause alterations in serum lipids in postoperative breast cancer (BC) patients, but the specific alterations |
caused by different chemotherapy regimens remain unclear. The aim of this study was to investigate the status of serum lipids pre-
and post-chemotherapy and to compare the side effects of different chemotherapy regimens on serum lipid.

We retrospectively analysed the lipid profiles of 1934 consecutive postoperative BC patients who received one of the following
chemotherapy regimens:

1) doxorubicin and cyclophosphamide followed by paclitaxel (AC-T);

(1)
(2) epirubicin and cyclophosphamide followed by paclitaxel (EC-T);
(8) cyclophosphamide and paclitaxel (TC); and

(@)

4) fluorouracil, cyclophosphamide, and epirubicin (FEC).

The levels of triglycerides (TG), total cholesterols (TC), and low-density lipoprotein (LDL-C) were significantly elevated in patients
who received chemotherapy regimens above (P < .001). With respect to different chemotherapy regimens, FEC had less side effects
on lipid profiles (TG (P =.006), high-density lipoprotein (HDL-C) (P < .001), and LDL-C (P < .001)) than TC regimen and AC-T and EC-
T regimen. Also, the incidence of newly diagnosed dyslipidemia after chemotherapy was lower in FEC group than TC group and AC-T
and EC-T group (P < .001). Additionally, the magnitude of the alterations in lipid profiles (TG, TC, HDL-C, and LDL-C) was greater in
premenopausal patients than that of the postmenopausal patients (P=.004; P<.001; P=.002; P=.003, respectively). Moreover,
after adjusting for multiple baseline covariates, anthracycline-plus-taxane-based regimens (AC-T and EC-T) were still statistically
associated with a high level of TG (P=.004) and a low level of HDL-C (P=.033) after chemotherapy compared with FEC regimen.
Also, body mass index (BMI)>24 was associated with abnormal lipid profiles (TG, TC, HDL-C, LDL-C) post-chemotherapy
compared with BMI<24 (P<.001; P=.036; P=.012; P=.048, respectively).

BC patients receiving chemotherapy may have elevated lipid profiles, and anthracycline-based regimen had less side effects on
lipid profiles compared with regimens containing taxane. Therefore, it is necessary to take lipid metabolism into consideration when
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chemotherapy period.

Node Metastasis.

Abbreviations: AC-T = doxorubicin and cyclophosphamide followed by paclitaxel, BC = breast cancer, BMI = body mass index,
CVD = cardiovascular diseases, DV = difference value, EC-T = epirubicin and cyclophosphamide followed by paclitaxel, ECOG =
Eastern Cooperative Oncology Group, FEC = fluorouracil, cyclophosphamide, and epirubicin, HDL-C = high-density lipoprotein,
LDL-C = low-density lipoprotein, TC = total cholesterols, TC = cyclophosphamide and paclitaxel, TG = triglycerides, TNM = Tumor

Keywords: Adjuvant chemotherapy, Breast cancer, Dyslipidemia

making chemotherapy decisions and dyslipidemia prevention and corresponding interventions are indispensable during the Who@\

1. Introduction

Breast cancer (BC) is one of the most common malignancies all over
the world, with an incidence of approximately 2,100,000 new
cases and a mortality rate of approximately 630,000 worldwide in
2018.""However, the mortality rates for BC patients have declined
in recent decades due to early diagnosis and comprehensive
treatments, thus leading to more BC survivors.*™

In recent years, it has been found that with the increasing
survival rate of BC patients, some of them finally died due to non-
cancer causes.”) Based on the latest available statistics, the
proportion of non-cancer-related death has increased gradually,
which has even exceeded cancer-related death in early BC
survivors.[®”] Cardiovascular diseases (CVD), which accounts
for 35% of non-cancer-related deaths, are the most common
cause of non-cancer-related death and competes with BC as the
leading cause of death in older patients with early BC.[®!

Adjuvant chemotherapy improves both disease-free and
overall survival of BC survivors,”™!! but nowadays it’s side
effects gradually draw increasing attention. For instance,
systemic agents such as anthracyclines might increase cardiac
toxicity and contribute to CVD, especially in survivors who live
longer."13! Moreover, previous epidemiological studies have
indicated that dyslipidemia is closely related to CVD and that
high levels of serum lipid profiles are likely to induce CVD."*!
Therefore, adjuvant chemotherapy-associated dyslipidemia and
CVD deserve urgent attention. It is worth noting that earlier
studies reported that serum lipid profiles might increase after
chemotherapy in BC patients.['>! However, few studies have
explored the side effects of different chemotherapy regimens on
serum lipids to date.

Therefore, we retrospectively investigated the variations in
serum lipid levels pre- and post-chemotherapy and explored the
side effects of different chemotherapy regimens on lipid profiles.

2. Methods and materials

2.1. Patient selection

The medical records of all consecutive patients with BC were
retrospectively collected from the Department of Breast Surgery,
West China Hospital, Sichuan University between February 2009
and December 2016. Approval for this retrospective analysis
from the Institutional Review Board and Ethics Committee of
West China Hospital. And the need for consent from study
participants was not required. Because this was a retrospective
study, no human specimens are involved and the data was
accessed anonymously. The inclusion criteria were as follows:

(1) female patients aged >18 years;
(2) patients surgically treated and pathologically diagnosed
with BC;

(3) stage I to III BC;

(4) patients who received 1 of the following 4 common
chemotherapy regimens: doxorubicin and cyclophosphamide
followed by paclitaxel (AC-T), epirubicin and cyclophospha-
mide followed by paclitaxel (EC-T), cyclophosphamide and
paclitaxel (TC), or fluorouracil, cyclophosphamide, and
epirubicin (FEC); and

(5) patients who had adequate organ function and Eastern
Cooperative Oncology Group (ECOG) <2.

The exclusion criteria were as follows:

(1) BC patients with other malignancies;

(2) patients who received prior chemotherapy within the last
year;

(3) pregnant and lactating women;

(4) patients who had not completed the established chemothera-
py regimens;

(5) patients with incomplete data; and

(6) patients taking drugs affecting serum lipids.

2.2. Data collection and evaluated parameters

All clinicopathological data were reviewed from medical
records. The variables of interest included body mass index
(BMI), age at diagnosis, menopausal status, tumor location,
surgical procedures, tumor TNM (Tumor Node Metastasis)
stage,1®! and pre- and post-chemotherapy lipid values (blood
samples were collected in the morning on an empty stomach
within a week before the first cycle of chemotherapy treatment
and within 2 weeks after the end of the last cycle of
chemotherapy treatment). According to the Chinese guidelines
for the management of dyslipidemia,''”! the biochemical
parameters (total cholesterols (TC), triglycerides (TG), high-
density lipoprotein (HDL-C), low-density lipoprotein (LDL-
C)) related to dyslipidemia were categorized using cut-off
values as follows: TG 1.7mmol/L, TC 5.20mmol/L, HDL-C
1.0mmol/L, and LDL-C 3.4mmol/L. Dyslipidemia was
considered if patients met at least 1 of the following criteria:
TG >1.7mmol/L, TC >5.2mmol/L, LDL-C >3.4mmol/L, or
HDL-C <1.0mmol/L. Since menopausal status is closely
related to serum lipids, participants in this study were further
stratified into 2 groups by menopausal status: premenopausal
and postmenopausal. Participants were classified as postmen-
opausal if they were not pregnant, were aged over 40 years and
had no menstruation for at least 12 months."'®! Also, since
BMI may influence serum lipids, we then stratified the
participants into 2 groups: BMI<24 and BMI>24.1""1 Body
weight and height were assessed for the determination of BMI,
which was calculated as the weight divided by the height
squared (kg/m?).
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2.3. Chemotherapy regimens

According to the guidelines of Chinese Society of Clinical
Oncology (CSCO) breast cancer, the specific chemotherapy
regimens are as follows:

(1) AC-T (doxorubicin 60mg/m* and cyclophosphamide 600
mg/m? every 3 weeks for 4 cycles followed by docetaxel 100
mg/m? every 3 weeks for 4 doses);

(2) EC-T (epirubicin 90 mg/m? and cyclophosphamide 600 mg/
m? every 3 weeks for 4 cycles followed by docetaxel 100 mg/
m? every 3 weeks for 4 doses);

(3) TC - docetaxel plus cyclophosphamide (4 cycles of docetaxel
75mg/m* and cyclophosphamide 600mg/m* administered
every 3 weeks);

(4) FEC - 5-fluorouracil plus epirubicin and cyclophosphamide
(6 cycles of triweekly S-fluorouracil 500mg/m?, epirubicin
100 mg/m?, and cyclophosphamide 500 mg/m?).

AC-T and EC-T are anthracycline plus taxane based regimens;
TC is taxane-based regimen; and FEC is anthracycline-based
regimen.

2.4. Statistics analysis

All statistical analyses were performed using the Statistical
Package for the Social Science (SPSS), version 22.0 for Windows
(SPSS Inc, Chicago, IL). Quantitative results were expressed as
the mean +standard deviation (SD). A two-sided P value of less
than .05 was considered statistically significant. A paired-sample
T test was used to compare the lipid values pre- and post-
chemotherapy. The magnitude of variations in lipid profiles
between pre- and post-chemotherapy among the 3 types of
chemotherapy regimens were calculated, and the difference value
(DV) was calculated as the post-chemotherapy lipid value minus
the pre-chemotherapy lipid value. One-way analysis of variance
was used to assess significant differences in the magnitude of
variations in lipid profiles among the 3 types of chemotherapy
regimens. Similarly, significant differences in the magnitude of
variations in lipid profiles between pre- and post-chemotherapy
among the premenopausal and postmenopausal group were also
assessed by one-way analysis of variance. Additionally, chi-
square test was used to compare the incidence of post-
chemotherapy dyslipidemia in patients with normal serum lipids
before chemotherapy among 3 types of chemotherapy regimens.
Similarly, the incidence of post-chemotherapy hyperlipidemia in
patients with normal serum lipids before chemotherapy between
pre- and postmenopausal group was also compared by chi-square
test. Moreover, we incorporated the significant variables
associated with post-chemotherapy abnormal lipid profiles,
which were identified by univariate analysis (P<.05), into a
logistic regression model to identify the independent factors that
were correlated with abnormal lipid profiles after chemotherapy.

3. Results

3.1. Patients’ characteristics

A total of 1934 eligible and consecutive BC patients were
identified for this study. The median age of the 1934 BC patients
was 48 years old (IQR 42-56). Among these people, 483 patients
received AC-T regimen, 484 patients received EC-T regimen, 467
patients received TC regimen, and 500 patients received FEC
regimen. As for menopausal status, 1184 were premenopausal
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and 750 were postmenopausal. With respect to the clinicopatho-
logical differences among the individuals in the 3 types of
chemotherapy groups, for the premenopausal patients, signifi-
cant differences in age, TNM stage, and molecular subtyping
were observed (P <.05). There was no statistical significance in
terms of BMI, smoking, tumor location, preoperative hyperten-
sion, preoperative dyslipidemia, or surgical procedures among
the 3 chemotherapy groups (P>.05). For the postmenopausal
patients, there were significant differences in age, preoperative
hypertension, TNM stage, and molecular subtyping (P <.05).
There was no significant difference in terms of BMI, smoking,
preoperative dyslipidemia, surgical procedures, or tumor loca-
tion among the 3 chemotherapy groups (P>.05). The clinico-
pathological characteristics are summarized in Table 1.

3.2. Serum lipid levels between pre- and post-
chemotherapy

The effects of chemotherapy on serum lipid levels were shown in
Table 2 and Figure 1. In this study, there were 1264 patients with
elevated TG, 1299 patients with elevated TC, 1296 patients with
elevated LDL-C, and 963 patients with decreased HDL-C after
chemotherapy. For the entire group, we found a significant
increase in TG (P<.001), TC (P<.001), and LDL-C (P<.001)
after chemotherapy. However, in terms of HDL-C, there was no
significant difference between pre- and post-chemotherapy
(P=.368).

To assess chemotherapy regimens on serum lipids, the
participants were divided into 3 groups: anthracycline-plus-
taxane-based regimens group, taxane-based regimens group, and
anthracycline-based regimens group. In terms of the patients
received anthracycline-plus-taxane-based regimens, we found a
significant increase in TG (P <.001), TC (P<.001), and LDL-C
(P<.001); while a significant decrease in HDL-C (P <.001) after
chemotherapy. Similarly, for patients received taxane-based
regimens, a significant increase in TG (P <.001), TC (P<.001),
LDL-C (P <.001), and a significant decrease in HDL-C (P=.021)
were also observed after chemotherapy. In addition, for patients
received anthracycline-based regimens, we found that TG
(P<.001), TC (P<.001), HDL-C (P<.001), and LDL-C
(P<.001) were all elevated after chemotherapy.

Since menopausal status is closely related to serum lipids, the
study participants were then stratified into 2 groups by
menopausal status: premenopausal and postmenopausal. For
the premenopausal group, we found an increase in TG (P <.001),
TC (P<.001), and LDL-C (P <.001) levels after chemotherapy.
For the postmenopausal group, an increase was also noted in the
levels of TG (P<.001), TC (P<.001), and LDL-C (P <.001)
after chemotherapy; while the levels of HDL-C (P=.003) were
decreased after chemotherapy.

3.3. Comparison of the magnitude of lipid alterations after
chemotherapy

To explore the magnitude of lipid alterations in different
chemotherapy regimens, we carried out further analysis. The
data can be seen in Table 3 and Figure 2. For the alterations of TG
levels, the magnitude of TG increase in the FEC group was less
than the other 2 groups (P=.006). Similarly, the magnitude of
LDL-C increase in the FEC group was also less than the other 2
groups (P <.001). In terms of HDL-C levels, HDL-C increased in
patients who received FEC chemotherapy; while HDL-C
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Demographic and clinical characteristics of the study population (n=1934).
Premenopause (N=1184) Postmenopause (N=750)
AC-T and EC-T TC FEC AC-T and EC-T TC FEC
(N=600) (N=230) (N=354) P (N=367) (N=237) (N=146) P
Median age (IQR), yr 43 (39, 47)° 45 (41, 48)" 43 (41, 47)° 025 57 (53, 61)"* 61 (57, 67)"* 55 (51, 59)"" <.001
BMI (kg/m?), n
<25 477 196 279 119 264 170 99 625
>25 123 34 75 103 67 47
Smoking, n
Yes 9 3 3 683 2 0 3 .052
No 591 227 351 365 237 143
Preoperative hypertension, n .
Yes 25 10 6 .094 257 35 g .001
No 575 220 348 342° 202" 138"
Preoperative hyperlipidemia, n
Yes 179 81 122 190 209 151 92 190
No 421 149 232 158 86 54
Tumor location, n
Left breast 324 105 191 076 206 128 69 190
Right breast 276 125 163 161 109 7
TNM stage, n
Stage | 146" 150" 121 <001 82" 123" 48" <.0071
Stage I 4387# 79°% 206" F 280" # 11174 96"
Stage Il 16 1 7 5 3 2
Surgical procedures, n
Mastectomy 514 181 290 142 349 228 136 378
Breast conserving operation 64 37 45 16 8 7
Breast reconstruction 22 12 19 2 1 3
Molecular subtyping, n . .
LuminaA 137 2374 16" <001 8" 17 8 <.001
LuminaB 346"+ 175 311"t 165"+ 180" 122"
Triple negative 106"# 1" 22" 50" 17 10
Her-2 positive 1350 21" 5°F 1447# 23" 6"

AC-T =doxorubicin and cyclophosphamide followed by paclitaxel; EC-T=epirubicin and cyclophosphamide followed by paclitaxel; FEC = fluorouracil, cyclophosphamide, and epirubicin; TC = cyclophosphamide

and paclitaxel.

) Compared with AC-T and EC-T, P< .05.
¥ Compared with TC, P< .05.

*Compared with FEC, P< .05.

decreased in the other 2 groups (P<.001). Additionally, there
was no significant difference in the magnitude of the alterations of
TC in all the 3 types of chemotherapy regimens (P=.21). In a
word, FEC regimen may have less side effects on serum lipids
compared with TC, AC-T, and EC-T regimens, especially in TG,
LDL-C, and HDL-C levels.

In addition, we also compared the magnitude of lipid
alterations between premenopausal and postmenopausal patients
(Table 4 and Fig. 3). As for the alterations of TG, TC, and LDL-C
levels, the magnitudes of the increase in TG, TC, and LDL-C were
all greater in premenopausal patients than that of the
postmenopausal patients (P=.004; P<.001; P=.003, respec-
tively). As for the alterations of HDL-C levels, HDL-C increased
in the premenopausal patients while the HDL-C decreased in the
postmenopausal patients (P=.002). In general, the side effects of
chemotherapy on serum lipid may be more remarkable in
premenopausal patients compared with postmenopausal
patients, especially in TG, TC, and LDL-C levels.

Since menopausal status and chemotherapy regimens both had
different side effects on serum lipids, we carried out further
layered analysis (Table 5 and Fig. 4). Firstly, we stratified all the
participants into 2 groups: premenopausal and postmenopausal.
For the premenopausal group, the magnitude of TG increase in
the FEC group was less than that in the AC-T and EC-T group

(P=.007). For LDL-C, the magnitude of LDL-C increase was also
lower in the FEC group than that in TC and AC-T and EC-T
groups (P=.002). For HDL-C, we found a decrease in both AC-T
and EC-T group and TC group; and an increase in the FEC group
(P<.001). For TC, there was no significant difference in the
magnitude of TC alterations in the 3 types of chemotherapy
regimens (P=.187). For the postmenopausal group, there was no
significant difference in the magnitude of variations in either TG
or TC levels among the 3 chemotherapy regimens (P=.263;
P=.232, respectively). For HDL-C, we found an increase in the
FEC group and a decrease in the other 2 groups (P <.001). For
LDL-C, the magnitude of LDL-C increase was lower in the FEC
group than that in the AC-T and EC-T group (P=.012).
Generally, for postmenopausal patients, FEC regimen had less
side effects on HDL-C and LDL-C levels than the other 2
regimens. For premenopausal patients, apart from HDL-C and
LDL-C, FEC regimen also had less side effects on TG levels
compared with the other 2 regimens.

3.4. Incidence of newly diagnosed hyperlipidemia after
chemotherapy

Among the 1934 patients, there were 974 patients with normal
serum lipids before chemotherapy. As many patients had
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Comparison of the lipid profiles pre- and post-chemotherapy.

Parameters Pre-chemotherapy Post-chemotherapy P
Entire group (N=1934)
TG 1.560+0.80 1.82+1.09 <.001
TC 4.77+0.95 514+0.99 <.001
HDL-C 1.44+0.37 1.43+0.37 .368
LDL-C 2.77+0.77 3.07+0.81 <.001
Anthracycline-plus-taxane-based regimens (N=976)
TG 1.48+0.78 1.84+0.98 <.001
TC 4.74+0.91 514+0.96 <.001
HDL-C 1.45+0.37 1.40+0.36 <.001
LDL-C 2.74+0.73 3.08+0.79 <.001
Taxane-hased regimens (N=467)
TG 1.49+0.78 1.81+1.08 <.001
TC 4.88+0.98 5.27+1.02 <.001
HDL-C 1.48+0.37 1.45+0.38 .021
LDL-C 2.85+0.84 3.17+0.86 <.001
Anthracycline-based regimens (N=500)
TG 1.56+0.86 1.77+1.30 <.001
TC 471+0.98 5.03+0.99 <.001
HDL-C 1.37+0.34 1.47+0.36 <.001
LDL-C 2.74+0.77 2.94+0.77 <.001
Pre-menopause (N=1184)
TG 1.42+0.80 1.79+£1.13 <.001
TC 4.58+0.89 5.02+0.96 <.001
HDL-C 1.43+0.35 1.44+0.36 222
LDL-C 2.63+0.72 3.00+0.77 <.001
Postmenopause (N=750)
TG 1.62+0.79 1.87+1.04 <.001
TC 5.06+0.97 5.34+1.00 <.001
HDL-C 1.46+0.39 1.42+0.37 .003
LDL-C 2.99+0.79 3.24+0.83 <.001

HDL-C =high-density lipoprotein; LDL-C=low-density lipoprotein; TC=total cholesterols; TG=
triglycerides.

increased serum lipid levels after chemotherapy, we further
assessed the incidence of newly diagnosed dyslipidemia after
chemotherapy (Figs. 5 and 6). Among the 974 patients with
normal serum lipid levels before chemotherapy, there were total
491 patients (50.41%) newly diagnosed with dyslipidemia after
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Comparison of magnitude of lipid profiles between pre- and post-
chemotherapy among 3 types of chemotherapy regimens.

AC-T and EC-T
Parameters (N=967) TC (N=467)  FEC (N=500) P
Chemotherapy modalities (N=1184)
TG 0.37 +0.83* 033+0.89%  021+097"7 .006
1C 0.40+0.84 0.38+0.83  0.32+0.89 21
HDL-C ~0.05+034F  —003+031F  010+032""  <.001
LDL-C 0.34+0.66% 032+0.64° 02040657  <.001

AC-T=doxorubicin and cyclophosphamide followed by paclitaxel; EC-T=epirubicin and cyclopho-
sphamide followed by paclitaxel; FEC = fluorouracil, cyclophosphamide, and epirubicin; HDL-C = high-
density lipoprotein; LDL-C = low-density lipoprotein; TC=cyclophosphamide and paclitaxel; TC=total
cholesterols; TG =triglycerides.

- Compared with AC-T and EC-T, P< .05.

" Compared with TC, P< .05.

* Compared with FEC, P< .05.

chemotherapy. Stratified by menopausal status, the incidence of
newly diagnosed dyslipidemia was higher in the postmenopausal
group (56.14%) than that of the premenopausal (48.04%) group
(P=.021). Then, stratified by chemotherapy regimens, the
incidence of newly diagnosed hyperlipidemia was lower in
FEC regimen (39.59%) than that of TC regimen (55.5%) and
AC-T and EC-T regimens (53.85%; P<.001).

Moreover, we further layered participants according to
chemotherapy regimens after stratifying them by menopausal
status. Data can be seen in Figure 7. For the premenopausal, the
incidence of newly diagnosed dyslipidemia after chemotherapy
was also lower in FEC regimen (37.89%) than that of TC regimen
(50%) and AC-T and EC-T regimens (52.62%; P=.004).
However, for the postmenopausal, there was no significant
difference in the incidence of newly diagnosed dyslipidemia after
chemotherapy in the 3 chemotherapy regimens (P=.162).

3.5. Factors related to dyslipidemia after chemotherapy

A total of 974 patients had normal lipid levels before
chemotherapy, and among these individuals, there were 491
new cases (50.41%) of dyslipidemia post-chemotherapy. To

Entire Group

o
W pre-chemotherapy E a*
B post-chemotherapy E

TG TC

HDL-C LDL-C 16 TC HDL-C

Anthracycline-plus-taxane-based regimens
26
o

-
@l pre-chemotherapy E
B post-chemotherapy E

TG TC

HDLC  LDLC TG TC

HDL-C

Premenopausal Group

Taxane-based regimens

Postmenopausal Group

BB pre-chemotherapy
B post-chemotherapy

o
W pre-chemotherapy E
B post-chemotherapy E

o
—

LDL-C TG TC HDL-C  LDL-C

Anthracycline-based regimens

Bl pre-chemotherapy

Wl pre-chemotherapy .éé 3
E B post-chemotherapy

B8 post-chemotherapy

P
—

LDL-C TG TC

HDL-C

LDL-C

Figure 1. Serum lipid profiles between pre- and post-chemotherapy. *P < .05 for comparison of pre- vs post-chemotherapy. **P < .001 for comparison of pre- vs

post-chemotherapy.
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DV between pre- and post-chemotherapy

$ 0.5-
£ * ” @ AC-T and EC-T
Eoal ™ —— s TC
— — @ FEC
0.3
0.24 I';*I
0.1
0.0+
-0.1 T T T T
TG TC HDL-C LDL-C

Figure 2. Compare the DV of serum lipid levels between post- and pre-
chemotherapy in AC-T and EC-T group, TC group, and FEC group (DV =lipid
value of post-operation minus lipid value of pre-chemotherapy). *P < .05 for
comparison of DV among C-T and EC-T group, TC group, and FEC group. DV:
difference value.

Comparison of magnitude of lipid profiles pre- and post-
chemotherapy between pre- and postmenopausal BC patients.

Pre-menopause Postmenopause
Parameters (N=1184) (N=750) P
TG 0.36+0.93 0.24+0.80 004
TC 0.43+0.84 0.28+0.86 <.001
HDL-C 0.01+0.34 —0.04+0.33 002
LDL-C 0.33+0.65 0.24+0.66 .003

HDL-C =high-density lipoprotein; LDL-C=low-density lipoprotein; TC=total cholesterols; TG=
triglycerides.

explore the potential clinicopathological parameters associated
with newly diagnosed dyslipidemia after chemotherapy, we
performed univariate and multivariate analyses (Table 6). With
respect to TG levels, the univariate analysis showed that post-
chemotherapy elevated TG levels were statistically associated
with age between 40 and 50 years old, mastectomy, chemother-
apy regimens containing taxane (TC regimen, AC-T, and EC-T
regimens) and BMI > 24 (P <.05). By incorporating these factors
into the logistic regression model, we found that BMI> 24,
mastectomy and chemotherapy regimens containing taxane were
still independent predictors of high TG levels after chemotherapy

DV between pre- and post-chemotherapy
0.5+ *

mol/L

@ premenopause
@0 postmenopause

E 0.4-
0.3
0.2-
0.1+

0.0+

0.1 T T T T
TG TC HDL-C  LDL-C

Figure 3. Compare the DV of serum lipid levels between post- and pre-
chemotherapy in premenopausal group and postmenopausal group (DV =lipid
value of post-operation minus lipid value of pre-chemotherapy). *P < .05 for
comparison of DV between premenopausal group and postmenopausal
group. DV: difference value.

Medicine

Comparison of change values of blood lipid between pre- and
post-chemotherapy among 4 different chemotherapy modalities.

AC-T and EC-T
Parameters (N=976) TC (N=467)  FEC (N=500) P
Premenopause (N=1184)
TG 0.43+0.84* 0.38+0.91 0.24+1.07" .007
TC 0.45+0.81 0.50+0.80 0.37+0.91 187
HDL-C —003+034%F 0024032  011+031"F <001
LDL-C 0.36+0.66* 0.40+0.63*  0.23+065"" .002
Postmenopause (N=750)
16 0.26+0.81 0.28+0.86 0.15+0.67 265
TC 0.32+0.88 0.27+0.84 0.18+0.82 232
HDL-C —0.07+0.34* —0.05+0.29*  0.06+034"T  <.001
LDL-C 0.30+0.66* 0.24+0.64 0.11+0.64" 012

AC-T=doxorubicin and cyclophosphamide followed by paclitaxel; EC-T=epirubicin and cyclopho-
sphamide followed by paclitaxel; FEC = fluorouracil, cyclophosphamide, and epirubicin; HDL-C = high-
density lipoprotein; LDL-C =low-density lipoprotein; TC = cyclophosphamide and paclitaxel; TC =total
cholesterols; TG =triglycerides.

*Compared with AC-T and EC-T, P<.05.

T Compared with TC, P<.05.

* Compared with FEC, P<.05.

(P<.05). For TC levels, univariate analysis showed that post-
chemotherapy elevated TC levels were statistically associated
with postmenopausal status, age >40 years old, BMI>24, ER
negative, preoperative hypertension, and anthracycline-plus-
taxane-based regimens (AC-T and EC-T) (P<.05). After
adjusting for multiple baseline covariates, only BMI>24 was
independent predictor of high TC levels after chemotherapy
(P<.05). In terms of HDL-C, both univariate and multivariate
analysis showed that BMI>24 and anthracycline-plus-taxane-
based regimens (AC-T and EC-T) were independent predictors of
low HDL-C levels after chemotherapy (P <.05). With respect to
LDL-C levels, univariate analysis showed that post-chemothera-
py elevated LDL-C levels were statistically associated with BMI >
24, ER negative, age >40 years old, and postmenopausal status
(P<.05). After adjusting for multiple baseline covariates, we
found that age between 40 and 50 years, BMI>24 and ER
negative status were still independent predictors of high LDL-C
levels.

4. Discussion

This is one of the first retrospective cohort studies to investigate
the status of serum lipids pre- and post-chemotherapy, as well as
to compare lipid level alterations among different chemotherapy
regimens. The levels of TG, TC, and LDL-C were significantly
elevated in patients who received chemotherapy. With respect to
different regimens, FEC regimen had less side effects on lipid
profiles and the incidence of newly dyslipidemia after chemo-
therapy was also lowest in patients who received FEC than that of
the patients received other regimens. Moreover, after adjusting
for multiple baseline covariates, anthracycline-plus-taxane-based
regimens (AC-T and EC-T) were still statistically associated with
high levels of TG and low levels of HDL-C after chemotherapy.
Additionally, the magnitude of the alterations in lipid profiles
(TG, TC, HDL-C, and LDL-C) was greater in premenopausal
patients than that of the postmenopausal patients.

A few studies have addressed the side effects of chemotherapy
regimens on lipid levels in postoperative BC patients. As
described previously, an increase in cholesterol (TC) was
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Figure 4. Compare the DV of serum lipid levels between post- and pre-chemotherapy in AC-T and EC-T group, TC group, and FEC group in pre- and
postmenopausal group, respectively (DV =lipid value of post-operation minus lipid value of pre-chemotherapy). *P < .05 for comparison of DV among C-T and

EC-T group, TC group, and FEC group. DV: difference value.

observed in patients with early BC who received chemotherapy
only.*%! Li et al reported that the levels of TC, TG, LDL-C, and
apolipoprotein B were significantly higher among post-chemo-
therapy patients than among pre-chemotherapy patients, but
HDL-C levels were the opposite.l*!! Similarly, Dieli et al found
that after BC patients receiving chemotherapy, their TG, TC, and

LDL-C significantly increased; while HDL-C was decreased./*?!
Consistent with previous research results, our findings showed
that the levels of TG, TC, and LDL-C were significantly elevated
in patients who received chemotherapy. A possible explanation
for the elevated lipid profiles may be that chemotherapy may
directly cause endothelial dysfunction and insulin resistance,

The proportion of newly diagnosed
dyslipidaemia after chemotherapy
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Figure 5. The percentage of newly diagnosed dyslipidemia after chemotherapy in the entire group, premenopausal group, and postmenopausal group.
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dyslipidaemia after chemotherapy
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60% (273/507) (121/222)
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20% -

AC-T and EC-T TC

Figure 6. The percentage of newly diagnosed dyslipidemia after chemother-
apy in AC-T and EC-T group, TC group, and FEC group.

FEC

leading to cytokine alterations, finally increasing serum lipid
profiles.?**>*! Previous study had reported that children long
term exposed to anthracycline treatment exhibited a marked
preclinical vasculopathy, characterized by endothelial dysfunc-
tion and increased arterial stiffness, resulting in a deteriorated
cardiovascular function.?®! Another reason why serum lipids are
elevated after chemotherapy may be that some chemotherapy
regimens may enhance systemic oxidative stress to cause lipid
peroxidation, thus, resulting in toxicity to the liver,”*”! which is a
vital organ that regulates lipid metabolism.”®! Previously,
Monika et al found that doxorubicin reduces the expression of
ABCA1 and apoA1 in HepG2 cells and the expression of ABCA1
in liver cells is a major contributor to HDL-C levels via its role in

Medicine

cholesterol efflux.”?®! Besides anthracycline, the side effects of
taxane on serum lipids were also reported. Panis et al reported
that paclitaxel treatment significantly reduced plasma HDL-C
levels and increased plasma hydroperoxide levels when compared
to BC patients without chemotherapy.*%! Also, another previous
study®!! showed that the cardiotoxicity of the taxane-based
regimens has been worked by enhancing the additive effect of
doxorubicin-induced cardiomyopathy.

It is well known that AC-T, EC-T, TC, and FEC are common
chemotherapy regimens for postoperative BC patients. And in
this study, we found that the patients’ lipid profiles almost tended
to a worse situation no matter which regimen they received.
Whereas, the magnitude of alterations of lipid profiles varied in
different regimens. Previous studies have demonstrated that
glucocorticoids are closely connected to lipid levels.**=*! Some
apparent unfavorable changes have been reported in regard to
LDL-C and vLDL-C metabolism with the utilization of
glucocorticoids by Ross and Marais.!*’! Dexamethasone, as a
routine premedication, is given to BC patients who received
paclitaxel to avoid hypersensitivity reactions and vomiting.**! In
the present study, we demonstrated that FEC regimen had less
side effects on lipid profiles and the incidence of newly
dyslipidemia after chemotherapy was also lowest in patients
receiving FEC than that of the other chemotherapy regimens.
This may be explained by the utilization of paclitaxel and
dexamethasone premedication during chemotherapy.”®”!

Zagar et al demonstrated that a significant proportion of
patients had dyslipidemia after chemotherapy.!*?! In addition,
Yeo et al®®! reported that older age, postmenopausal status,
weight gain or overweight/obese status, and having received
taxane-based regimens and corticosteroid premedication during
adjuvant chemotherapy were related to chemotherapy-induced
dyslipidemia. Similarly, in our study, we explored the risk factors
related to high levels of TG, TC, and LDL-C and low levels of
HDL-C in patients with normal lipid profiles before chemother-
apy. After adjusting for multiple factors, we found that BMI > 24
was an independent risk factor for high levels of TG, TC, LDL-C
and low level of HDL-C after chemotherapy. In accordance with

The proportion of newly diagnosed
dyslipidaemia after chemotherapy
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Figure 7. The percentage of newly diagnosed dyslipidemia after chemotherapy in AC-T and EC-T group, TC group, and FEC group in pre- and postmenopausal

groups, respectively.
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Factors associated with dyslipidemia based on univariate and multivariate analysis, by stepwise logistic regression.

Univariate analysis

Multivariate analysis

OR 95%Cl for OR P OR 95%(Cl for OR P
TG: high (n=310) vs normal (n=664)
Age
<40 1 1
(40, 50] 1.462 1.031-2.072 .033 1.358 0.943-1.957 .100
>50 1.311 0.891-1.931 170 0.988 0.654-1.493 .954
BMI
BMI< 24 1
BMI> 24 1.794 1.343-2.396 <.001 1.801 1.336-2.428 <.001
Surgical procedures
Mastectomy 1 1
Breast conserving operation 0.474 0.288-0.780 .003 0.504 0.302-0.842 .009
Breast reconstruction 0.655 0.304-1.411 .280 0.807 0.366-1.776 .594
Premenopause
Post- 1
Pre- 1.115 0.827-1.503 AT7
ER
ER— 1
ER+ 0.860 0.645-1.147 .304
PR
PR— 1
PR+ 0.874 0.661-1.155 344
Ever smoking 1.618 0.557-4.705 377
Preoperative hypertension 1.741 0.939-3.229 0.078
Chemotherapy regiment
FEC 1 1
AC-T and EC-T 1.590 1.125-2.248 .009 1.675 1.174-2.389 .004
TC 1.811 1.213-2.703 .004 1.946 1.290-2.937 .002
TC: high (n=290) vs normal (n=684)
Age
<40 1 1
(40, 50] 1.478 1.027-2.127 .036 1.442 0.991-2.097 .056
>50 1.744 1.175-2.589 .006 1.042 0.570-1.905 .893
BMI
BMI<24 1 1
BMI> 24 1.485 1.105-1.995 .009 1.385 1.022-1.877 .036
Surgical procedures
Mastectomy 1
Breast conserving operation 0.760 0.480-1.204 243
Breast reconstruction 0.877 0.417-1.846 730
Premenopause
Post- 1
Pre- 0.658 0.490-0.883 .005 0.635 0.385-1.047 .075
ER
ER— 1
ER+ 0.712 0.533-0.952 022 0.769 0.557-1.061 109
PR
PR— 1
PR+ 0.848 0.638-1.127 .255
Ever smoking 0.389 0.086-1.749 218
Preoperative hypertension 1.928 1.039-3.578 .037 1.672 0.887-3.149 112
Chemotherapy regiment
FEC 1 1
AC-T and EC-T 1.448 1.024-2.046 .036 1.335 0.917-1.943 131
TC 1.361 0.906-2.047 138 1.276 0.839-1.940 .254
HDL-C: low (n=60) vs normal (n=914)
Age
<40 1
(40, 50] 0.986 0.520-1.872 .966
>50 0.831 0.397-1.738 622
BMI
BMI<24 1 1

(continued))
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(continued).
Univariate analysis Multivariate analysis
OR 95%Cl for OR P OR 95%Cl for OR P
BMI> 24 1.966 1.156-3.341 .031 1.972 1.158-3.357 012
Surgical procedures
Mastectomy 1
Breast conserving operation 0.880 0.369-2.100 774
Breast reconstruction 0.880 0.206-3.765 .863
Premenopause
Post- 1
Pre- 1.385 0.749-2.561 299
ER
ER— 1
ER+ 0.718 0.419-1.231 228
PR
PR— 1
PR+ 1.225 0.700-2.146 478
Ever smoking 2.592 0.567-11.855 220
Preoperative hypertension 1.603 0.553-4.644 .385
Chemotherapy regiment
FEC 1
AC-T and EC-T 2.332 1.069-5.088 .033 2.336 1.069-5.105 .033
TC 2.147 0.892-5.166 .088 2173 0.901-5.240 .084
LDL-C: high (n=177) vs normal (n=797)
Age
<40 1 1
(40, 50] 1.632 1.031-2.583 037 1.594 0.999-2.541 .050
>50 2.154 1.327-3.499 .002 1.609 0.795-3.254 .186
BMI
BMI< 24 1 1
BMI> 24 1.551 1.101-2.186 012 1.425 1.003-2.025 .048
Surgical procedures
Mastectomy 1
Breast conserving operation 0.751 0.430-1.314 316
Breast reconstruction 0.697 0.267-1.821 461
Premenopause
Post- 1 1
Pre- 0.634 0.449-0.895 .010 0.797 0.450-1.411 437
ER
ER— 1 1
ER+ 0.658 0.470-0.923 015 0.667 0.473-0.940 .021
PR
PR— 1
PR+ 0.781 0.560-1.090 147
Ever smoking 0.343 0.045-2.637 304
Preoperative hypertension 1.202 0.566-2.554 632
Chemotherapy regiment
FEC 1 195
AC-T and EC-T 1.097 0.738-1.632 647
TC 0.970 0.600-1.568 902

AC-T = doxorubicin and cyclophosphamide followed by paclitaxel; BMI=body mass index; EC-T = epirubicin and cyclophosphamide followed by paclitaxel; FEC = fluorouracil, cyclophosphamide, and epirubicin;
HDL-C =high-density lipoprotein; LDL-C = low-density lipoprotein; TC=cyclophosphamide and paclitaxel; TC=total cholesterols; TG =triglycerides.

our results, previous studies have confirmed that BMI was
positively correlated with serum lipids.*®! Similarly, Pan et al
demonstrated that BC patients were more likely to achieve
dyslipidemias when becoming fatter.!*°! Additionally, our results
also showed that anthracycline-plus-taxane-based regimens were
still statistically associated with a high level of TG and a low level
of HDL-C after chemotherapy compared with FEC regimen. A
possible explanation may be that the liver toxicity caused by
chemotherapy varied in different regimens, and thus, the
alterations in lipid profiles were different among the different
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chemotherapy regimens. Compared with FEC regimen, AC-T
and EC-T regimens contain an extra chemotherapeutic drugs ——
Taxanes, which may have side effects on lipid profiles or may
enhance the side effects of anthracycline on serum lipids.*%! As
well as, AC-T and EC-T usually contain 2 more chemotherapy
cycles than FEC regimen, thus, the cumulative effects of
chemotherapy may be more remarkable in anthracycline-plus-
taxane-based regimens. A surprising finding was that estrogen
receptor negative status was an independent risk factor for high
LDL-C levels. In contrast to earlier findings, for instance,
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Efstathiadou reported that estrogen receptor B was associated
with high LDL-C levels in men independently of confounders.™!!
Notably, the subjects in our study were all women, and it is
possible that estrogen receptors in women have the benefit of
higher estrogenic exposure throughout their reproductive
years.!*?! Thus, more studies are urgently needed to confirm
whether the ER status is associated with high LDL-C levels.

Li et al™! reported that serum lipid profiles increased
significantly after hysterectomy, and the magnitude of alterations
was more remarkable in younger women. Similarly, Tian et alt**!
also reported that the younger group showed a greater increase in
TC and LDL-C levels during chemotherapy than the 41-65-year-
old group. Consistent with their findings, in our study, it is worth
noting that the magnitude of lipid profiles alterations was more
prominent in premenopausal patients than that of the postmen-
opausal group. These results may be attributed to chemotherapy-
induced ovarian failure, which results in elevated serum lipid
levels due to the lack of estrogen.'**™*”! Moreover, it is not
difficult to understand that postmenopausal ovarian function is
poor; thus, external interference has limited effects on failed
ovary. Whereas, premenopausal BC patients have higher levels of
sex hormones and better lipid metabolism status, thus, lipid
profiles are more sensitive to chemotherapy regimens. A part
from these results, a seemingly contradictory result was that the
incidence of newly diagnosed dyslipidemia after chemotherapy
was higher in the postmenopausal group (56.14%) than that of
the premenopausal (48.04%) group. It was due to the high
baseline levels of lipid profiles in postmenopausal BC patients.

To the best of our knowledge, the present study was one of the
first to provide comprehensive information on the side effects of
chemotherapy on serum lipid levels and to explore the effects of
different chemotherapy regimens on lipid profiles in both
premenopausal and postmenopausal BC patients. Moreover,
factors potentially implicated in newly diagnosed dyslipidemia
after chemotherapy were also identified in a relatively large
sample. However, there are still several limitations to this study
that should be highlighted. First, as a retrospective study, some
clinicopathological data were lost and some confounding factors
could not be completely excluded. Secondly, the present study
lacks data on calorie intake and consumption, energy variation
and body composition, such as dietary intake, physical activity,
and basic metabolic rates. Recently, several studies showed that
BC survivors treated with chemotherapy mainly experienced
weight loss rather than weight gain."*®**! Wang et al and Irwin
et al reported that the mean weight change was in fact a loss of
0.34 and 0.4kg, respectively.®®*!! These studies indicated that
the increase in dyslipidemia may be more likely to be associated
with chemotherapy rather than weight again. Additionally, the
mechanism of lipid profiles increase is not yet clear, and many
factors may also have intertwining effects on lipids, thus the
specific mechanism of chemotherapy-associated lipid profiles
alterations was not explained clearly. Last but not least, we
lacked the prognostic value of follow-up in later stage and we did
not further explore the relationship between dyslipidemia and
CVD and the long-term prognosis of BC patients. Thus, further
studies are urgently warranted to supplement and confirm the
relationship between chemotherapy and blood lipid metabolism.

5. Conclusions

In summary, adjuvant chemotherapy may elevate lipid profiles
for postoperative BC patients, especially for premenopausal

11

www.md-journal.com

women. In addition, the effects of chemotherapy on lipid profiles
vary based on different chemotherapy regimens and anthracy-
cline-based regimen had less side effects on lipid profiles
compared with regimens containing taxane. Therefore, lipid
monitoring and dyslipidemia prevention and treatment should be
taken into consideration during chemotherapy.
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