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Background: Recent studies have shown that chemotherapy can cause abnormal glucose and lipid
metabolism in breast cancer patients; however, the effects of different chemotherapy regimens on the glucose
and lipid profiles in this population remain unclear.

Methods: The clinical data of 141 invasive breast cancer patients who were treated in our center from
January 2019 to December 2020 were retrospectively collected. All patients received surgical treatment and
postoperative chemotherapy in our center. According to the postoperative chemotherapy regimens, these
patients were divided into an observation group (n=100, treated with anthracycline-based regimens) and a
control group (n=41, treated with non-anthracycline-based regimens). Blood glucose and lipid profiles were
compared between the 2 groups.

Results: Compared with the control group, the observation group had a significantly higher radiotherapy
rate (74.00% vs. 43.90%, P=0.001) and a significantly higher proportion of patients receiving >6 cycles of
chemotherapy (85.00% vs. 4.88%, P=0.000). There were no significant significances in the levels of total
cholesterol (TC), triglyceride (T'G), low-density lipoprotein (LDL) before and after treatment (P>0.05)
in both groups. TC and high-density lipoprotein (HDL) were not significantly different between the
observation group and control group before chemotherapy (P>0.05). After chemotherapy, fasting blood
glucose significantly increased in the observation group (5.31£0.98 vs. 4.96+0.53, P=0.031), while HDL
significantly decreased (1.08+0.28 vs. 1.19£0.31, P=0.042). Multivariate logistic regression analysis showed
that anthracycline-based chemotherapy was a protective factor for increased fasting blood glucose after
chemotherapy in invasive cancer breast patients [P=0.022, odds ratio (OR) =0.227, 95% confidence interval
(CI): 0.064-0.808], whereas receiving >6 cycles of chemotherapy was a risk factor for increased fasting blood
glucose (P=0.014, OR =4.216, 95% CI: 1.337-13.296).

Conclusions: Anthracyclines have little effect on fasting blood glucose in breast cancer patients; however,
the incidence of abnormal blood glucose metabolism is gradually increasing after prolonged anthracycline
use. Compared with other chemotherapy drugs, anthracycline-based chemotherapy has no significant impact

on blood lipid metabolism.
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Introduction

Breast cancer is the most common malignancy in women.
Due to changes in the environment and workplace stress in
recent years, there is an upward trend in the incidence of
breast cancer, especially among young adults in many areas
(1-3). With the increased awareness of this malignancy,
breast cancer can be detected and treated early, and in
many cases there is a chance for radical resection (4-7).
However, breast cancer with micrometastases at diagnosis
is difficult to completely remove. Therefore, postoperative
adjuvant chemotherapy is often required in some breast
cancer patients to substantially reduce the postoperative
recurrence rate (8-10). Although chemotherapy can reduce
the recurrence rate after surgery, it can also lead to many
complications such as bone marrow suppression, hair
loss, and gastrointestinal symptoms. Some recent studies
have explored the effect of chemotherapy on metabolism.
Previous studies had confirmed that the characteristics of
blood lipid metabolism were different between invasive breast
cancer patients and benign breast tumor patients. Moreover,
patients with different molecular types could have different
characteristics of blood lipid metabolism. In addition, it
has been found that postoperative chemotherapy can cause
abnormal blood glucose and lipid metabolism in breast cancer
patients (11). However, few studies have investigated the
effects of different chemotherapy regimens on blood glucose
and blood lipids. There are currently 2 main chemotherapy
protocols: anthracycline-based chemotherapy regimens and
nonanthracycline-based chemotherapy regimens. Here, we
explored the effect of postoperative anthracycline-based
chemotherapy regimen on blood glucose and lipids in
patients with invasive breast cancer.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-533).

Methods
General data

The clinical data of 141 invasive breast cancer patients who
were treated in our center from January 2019 to December
2020 were retrospectively collected. The inclusion criteria
were as follows: (I) female breast cancer patients undergoing
surgery and chemotherapy in our hospital; (IT) aged 18-75
years; (IIT) having received at least 4 cycles of chemotherapy;
and (IV) with complete clinicopathologic data. The
exclusion criteria included the following: (I) not undergoing
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standardized chemotherapy as required; (II) with cardiac,
cerebral, pulmonary, and/or other vital organ dysfunction;
(III) in the advanced stage, with distant metastasis, and
undergoing salvage chemotherapy; (IV) with metastatic or
recurrent breast cancer; (V) with abnormal thyroid function;
(VI) with accompanying malignant tumors (e.g., gastric
cancer); (VII) pregnant or lactating women; and (VIII)
with special types of invasive breast cancer. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised in
2013). This study was approved by the ethics committee of
the First Medical Center of the Chinese People’s Liberation
Army General Hospital (2021-166) and individual consent
for this retrospective analysis was waived.

Grouping

According to the postoperative chemotherapy regimens,
these patients were divided into an observation group
(n=100, treated with anthracycline-based regimens) and a
control group (n=41, treated with non-anthracycline-based
regimens).

Treatments

Anthracycline-based chemotherapy regimen or non-
anthracycline-based chemotherapy regimen was given
after surgery. In the observation group, the regimens given
included AC-T (adriamycin + cyclophosphamide, followed
by treatment with Taxol; n=17), EC-TH (n=14), AT (n=2),
EC-T (n=56), EC-TPH (n=1), EC (n=4), EC-TH+P (n=2),
EC-TP+PD1 (n=1), ET (n=1), ET-C (n=1), and TCE
(n=1). In the control group, the regimens given included
NP (n=1), TC (n=21), TC+H (n=4), TCbH (n=1), TCH
(n=9), TCH+P (n=2), TH (n=2), and TX (n=1). Patients in
both groups were given 4 or more cycles of chemotherapy
according to the standardized protocols.

Main measures

The main indicators included the following: (I) fasting
blood glucose; and (II) blood lipids, including total
cholesterol, triglyceride, high-density lipoprotein (HDL),
and low-density lipoprotein (LDL). Other indicators
included age, body mass index, involved site(s), history of
diabetes, history of hypertension, and size of primary mass;
estrogen receptor (ER), progesterone receptor (PR), Ki-
67, human epidermal growth factor receptor 2 (HER2),
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and lymph node metastasis status; surgical procedure type;
occurrence of axillary lymph node dissection, postoperative
endocrine therapy, and radiotherapy; and chemotherapy
regimen and total chemotherapy cycles.

Definitions

The positive cutoffs for ER, PR, and Ki-67(%) were >10%,
>10%, and >14%, respectively.

Quality control

In our study, we designed strict inclusion and exclusion criteria.
In addition, we chose objective indicators to avoid recall bias.
Finally, we chose two persons to input data independently. If
the data was inconsistent, a third person would check it.

Statistical analysis

Statistical analysis was performed in the SPSS 22.0
software package (IBM Corp., Armonk NY, USA) and
a P value of less than 0.05 was considered statistically
significant. Changes in glucose and lipids before and
after chemotherapy were analyzed using paired samples
t-test, and intergroup comparison was performed using
independent samples #-test. Data are presented as mean *
standard deviation (SD).

Results
General data of the two groups

The general data including age, body mass index, involved
site, history of hypertension, history of diabetes, ER-
positive rate, PR-positive rate, Ki-67-positive rate, HER2-
positive rate, surgical procedure type, endocrine therapy
rate, and targeted drug therapy rate showed no statistically
significant differences between these 2 groups (all P>0.05).
Compared with the control group, the observation group
had a significantly higher radiotherapy rate (74.00% uvs.
43.90%, P=0.001) and a significantly higher proportion of
patients receiving >6 cycles of chemotherapy (85.00% uvs.
4.88%, P=0.000; Table 1).

Comparisons of glucose and lipid profiles before and after

chemotherapy between the two groups

There were no significant significances in the levels of total
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cholesterol (T'C), triglyceride (T'G), LDL before and after
treatment (P>0.05) in both groups. TC and HDL were
not significantly different between the observation group
and control group before chemotherapy (P>0.05). After
chemotherapy, fasting blood glucose significantly increased
in the observation group (5.31£0.98 vs. 4.96+0.53, P=0.031),
while HDL significantly decreased (1.08+0.28 vs. 1.19+0.31,
P=0.042; Tuble 2).

Risk factors for increased fasting glucose after
chemotherapy in patients with invasive breast cancer

An anthracycline-based chemotherapy regimen was
a protective factor for increased fasting glucose after
chemotherapy in patients with invasive breast cancer
[P=0.022, odds ratio (OR) =0.227, 95% confidence
interval (CI): 0.064-0.808], whereas receiving >6 cycles of
chemotherapy was a risk factor for increased fasting blood
glucose (P=0.014, OR =4.216, 95% CI: 1.337-13.296;
Table 3).

Risk factors for reduction of HDL in invasive breast cancer
patients after chemotherapy

Multivariate logistic regression analysis showed that
anthracycline-based chemotherapy was not a risk factor
for decreased HDL after chemotherapy in invasive cancer
breast patients (P<0.05; Table 4).

Discussion

Anthracyclines are commonly used in the clinical setting.
They are the main components of first-line chemotherapy
regimens for breast cancer (12,13) and play important
roles in the treatment of advanced gastric cancer and
breast cancer. Anthracyclines mainly include doxorubicin,
epirubicin, piribicin, zoloftomycin, arabicin, idarubicin, and
anirubicin (14,15). The main side effects of anthracyclines
are cardiac toxicities including arrhythmia, heart failure,
and myocardial damage (16); in addition to hair loss,
anthracyclines can also decrease the amount of white blood
cells and platelets, leading to anemia. Our current study
was designed to investigate the effects of anthracyclines on
glucose and lipid metabolism in breast cancer patients; the
analysis showed that anthracycline-based chemotherapy
was a protective factor for increased fasting blood glucose
after chemotherapy in invasive cancer breast patients
(P=0.022, OR =0.227, 95% CI: 0.064-0.808). The fasting
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Categories Observation group (n=100) Control group (n=41) t/? value P value
Age (years), mean + SD 48.25+9.35 51.29+10.13 1.718 0.089
Body mass index (kg/m?), mean = SD 24.76+3.11 24.15+3.20 1.040 0.300
Location, n (%) 0.500 0.479
Left 52 (52.00) 24 (58.54)
Right 48 (48.00) 17 (41.46)
Hypertension, n (%) 11 (11.00) 9 (21.95) 2.865 0.091
Diabetes, n (%) 5 (5.00) 2 (4.88) 0.157 0.692
ER positive, n (%) 61 (61.00) 27 (65.85) 0.292 0.589
PR positive, n (%) 61 (61.00) 24 (58.54) 0.074 0.786
Ki-67 positive, n (%) 93 (93.00) 35 (85.37) 2.025 0.155
Her2 positive, n (%) 25 (25.00) 15 (36.59) 1.921 0.166
Surgical procedures, n (%) 0.611 0.434
Breast-conserving surgery 8 (8.00) 5(12.20)
Total mastectomy 92 (92.00) 36 (87.80)
Endocrine therapy, n (%) 67 (67.00) 27 (65.85) 0.017 0.896
Radiotherapy, n (%) 74 (74.00) 18 (43.90) 11.617 0.001
Targeted therapy, n (%) 25 (25.00) 15 (36.59) 1.921 0.166
>6 chemotherapy cycles, n (%) 85 (85.00) 2 (4.88) 78.994 0.000

blood glucose was not significantly different between the
observation group and control group before chemotherapy
(P>0.05). After chemotherapy, the fasting blood glucose
significantly increased in the observation group (5.31x0.98
vs. 4.96+0.53, P=0.031).

As the postoperative recurrence and mortality rates
gradually drop in breast cancer patients, the concern
has increasingly shifted to the quality of life after breast
cancer surgery. A recent study investigated the effects
of postoperative chemotherapy on blood glucose and
lipids in breast cancer patients (17). Anthracycline-based
chemotherapy regimens are important postoperative
chemotherapy strategies for breast cancer. The basic
structure of an anthracycline is the anthracycline rings
linked to an amino sugar by a glycosidic bond. Based on
their chemical structures, anthracyclines are classified
as antitumor antibiotics, which are chemical substances
with antitumor activity produced by microorganisms.
Mainly by embedding between DNA bases, they exert
their antitumor cell effects by interfering with DNA
transcription/messenger RNA synthesis, inhibiting DNA
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synthesis, generating oxygen radicals, and disrupting
cellular membrane. A study performed in 2009 showed
that neoadjuvant chemotherapy could lead to increased
blood glucose in patients (18). In our current study, fasting
blood glucose levels were significantly elevated in both
groups after chemotherapy, which was consistent with the
previous study. We also found that fasting blood glucose
was not significantly different between the observation
group and control group before chemotherapy (P>0.05).
After chemotherapy, fasting blood glucose significantly
increased in the observation group (5.31£0.98 vs. 4.96+0.53,
P=0.031). Further analysis showed that anthracycline-based
chemotherapy was a protective factor for increased fasting
blood glucose after chemotherapy in invasive cancer breast
patients (P=0.022, OR =0.227, 95% CI: 0.064-0.808),
whereas receiving >6 cycles of chemotherapy was a risk
factor for increased fasting blood glucose (P=0.014, OR
=4.216, 95% CI: 1.337-13.296). Therefore, anthracycline-
based chemotherapy regimens have less glycemic effects
than non-anthracycline-based chemotherapeutic agents at
lower cumulative doses, but their glycemic effects gradually
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Table 2 Comparison of glucose and lipid profiles before and after chemotherapy between the two groups

Categories Observation group, mean+SD (n=100)  Control group, mean+SD (n=41)  t/}’ value P value

Fasting blood glucose (mmol/L)
Before chemotherapy 4.94+0.78
After chemotherapy 5.31+0.98
Total cholesterol (mmol/L)
Before chemotherapy 4.36+0.92
After chemotherapy 4.44+0.84
Triglyceride (mmol/L)
Before chemotherapy 1.23+0.66
After chemotherapy 1.89+1.10
High-density lipoprotein (mmol/L)
Before chemotherapy 1.30+0.26
After chemotherapy 1.08+0.28
Low-density lipoprotein (mmol/L)
Before chemotherapy 2.89+0.84
After chemotherapy 2.91+0.83

4.71+0.44 1.785 0.076
4.96+0.53 2.184 0.031
4.47+0.81 0.672 0.502
4.47+0.78 0.233 0.816
1.34+0.69 0.927 0.356
1.64+0.79 1.302 0.195
1.38+0.45 1.309 0.193
1.19+0.31 2.055 0.042
2.89+0.68 0.036 0.972
2.97+0.73 0.414 0.680

Table 3 Risk factors for increased fasting glucose after chemotherapy in patients with invasive breast cancer

Factors Bvalue  Standard error Wald value P value 95% confidence interval
Constant coefficient 0.520 0.601 0.747 0.387

>6 chemotherapy cycles 1.482 0.648 6.029 0.014 4.216 (1.337-13.296)
Radiotherapy 0.291 0.423 0.474 0.491 1.338 (0.584-3.068)
Anthracycline-based chemotherapy regimen 1.482 0.648 5.237 0.022 0.227 (0.064-0.808)

Table 4 Risk factors for reduction of high-density lipoprotein in invasive breast cancer patients after chemotherapy

Factors B value  Standard error Wald value P value 95% confidence interval
Constant coefficient 1.265 0.433 8.528 0.003

>6 chemotherapy cycles 0.176 0.699 0.063 0.801 1.192 (0.303-4.693)
Radiotherapy 0.394 0.464 0.721 0.396 0.675 (0.272-1.674)
Anthracycline-based chemotherapy regimen 0.051 0.745 0.005 0.945 0.950 (0.221-4.093)

increase with increasing doses of anthracyclines.
Furthermore, our analysis showed a significant increase
in triglyceride levels and a decrease in HDL in both groups
after chemotherapy. It has been found that chemotherapy
might also cause abnormalities in lipid metabolism in breast
cancer patients, especially in younger patients (19). There

were similar findings in our current study. However, in
our current study, compared with non-anthracycline-based
chemotherapy regimens, anthracycline-based chemotherapy
regimens had no significant impact on blood lipid
metabolism.

However, our study was with its shortages. First of all,
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this was retrospective study, so we failed to study other
related factors in this study. For example, insulin resistance
may be a risk factor for breast cancer, possibly through
increased levels of oestrogens or insulin-like growth factor
I. Insulin resistance has been associated with obesity,
hypertension, dyslipidaemia and impaired glucose tolerance.
But in this study, we failed to study these factors. Moreover,
we failed to study the change of the body mass index in this
study.

In summary, anthracyclines have little effect on fasting
blood glucose in breast cancer patients; however, the
incidence of abnormal blood glucose metabolism gradually
increases after prolonged anthracycline use. Compared
with other chemotherapy drugs, anthracycline-based
chemotherapy has no significant impact on blood lipid
metabolism.
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