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Abstract
Recent studies have shown that chemotherapy can cause abnormal blood lipid
metabolism in cancer patients. However, little is known about the association between
blood lipids and chemotherapy in patients with ovarian cancer. In this study, we
investigated the change in blood lipid levels in patients with advanced ovarian cancer
before and after adjuvant chemotherapy and its effect on patient prognosis. Serum
total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL)
and high-density lipoprotein (HDL) levels and clinical data from 100 patients with
advanced (International Federation of Gynecology and Obstetrics, FIGO stage III/IV)
ovarian cancer before and after postoperative adjuvant chemotherapy were measured and
analyzed, and the correlation of LDL level with overall survival (OS) was evaluated.
After chemotherapy, the TG, TC, HDL and LDL levels were significantly greater
than those before chemotherapy (p < 0.01). A high LDL level in patients with
advanced ovarian cancer after chemotherapy was significantly correlated with poor
overall survival (OS). Patients with advanced ovarian cancer have abnormal blood lipid
metabolism during adjuvant chemotherapy, and elevated LDL levels after chemotherapy
are significantly correlated with a poor prognosis.
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1. Introduction

Ovarian cancer is a malignant tumor of the ovary. Approxi-
mately 90%~95% of these cases are primary ovarian cancer,
and the other 5%~10% are metastatic to the ovary. Because
of the lack of symptoms in the early stage of ovarian cancer
and because the symptoms are not specific, early diagnosis is
difficult; thus, 60%~70% of cases are already advanced at the
time of diagnosis, and the treatment outcomes for advanced
cases are not good [1]. Therefore, although the incidence
of ovarian cancer is lower than that of cervical cancer and
endometrial cancer, the mortality of ovarian cancer is greater
than that of cervical cancer and endometrial cancer and it is a
more serious threat to women’s health.

Chemotherapy is one of the most important treatment meth-
ods for ovarian cancer patients and can significantly retard
tumor progression and prolong patient survival [2]. However,
while chemotherapy drugs exert antitumor effects, they also
have many side effects on patients, such as alopecia (which
is a well-known condition), functional damage to important
organs, functional damage to the blood system, and gastroin-
testinal reactions such as nausea and vomiting. These side
effects have a strong adverse impact on patients, and if they
are not treated in time, they may lead to the interruption of

chemotherapy, so clinicians attach great importance to symp-
toms of adverse effects. However, disorders of blood lipid
metabolism caused by chemotherapy drugs are asymptomatic
and therefore often ignored.

Lipid metabolism plays an important role in tumor cell
membrane maintenance, energy metabolism, angiogenesis,
cell growth and signal transduction [3–5]. Studies have shown
that inhibiting cholesterol synthesis, which is needed for
tumor growth, can effectively inhibit tumor cell proliferation,
metastasis and invasion [6]. Recent studies based on lipomics
have shown that there are obvious lipid metabolism disorders
in ovarian cancer patients, which strengthens the view that
lipid metabolism may affect ovarian tumor behavior [7–9].
Moreover, some studies have shown that chemotherapy leads
to changes in lipids in some types of cancer [10, 11], but there
is still a lack of research on the effect of chemotherapy on
lipids in ovarian cancer patients. In this study, the changes
in blood lipids in 100 patients with advanced ovarian cancer
before and after postoperative adjuvant chemotherapy were
retrospectively analyzed, and the influence of chemotherapy
on blood lipids and its relationship with the prognosis of
patients with ovarian cancer were investigated.
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2. Methods

2.1 Study design and patients
From January 2013 to December 2016, 206 patients with
advanced ovarian high-grade serous cancer were treated in
our hospital. All patients were pathologically diagnosed with
ovarian cancer. The inclusion criteria were as follows: (1)
a definitive diagnosis and a complete set of clinical data,
including age, stage, overall survival time and pathological
data; (2) normal liver function before chemotherapy and sat-
isfactory tumor cytoreductive surgery (residual lesion ≤1 cm
after resection is considered satisfactory tumor cytoreductive
surgery), followed by a combination of paclitaxel and cisplatin
every 3 weeks for a total of 6 cycles; and (3) normal results on
the accessory examinations.
The exclusion criteria for patients were as follows: patients

lacking a complete blood count, blood pressure, blood glucose,
sternum, electrocardiography and hemopathy; (1) previous
hepatitis virus infection, hypertension, diabetes or coronary
heart disease; (2) previous history of liver disease, alcoholism
or liver function damage; (3) a preoperative Body Mass Index
(BMI) that exceeded 30 kg/m2; or (4) dyslipidemia before
chemotherapy (regardless of whether they were using lipid-
lowering drugs). All patients were diagnosed by routine patho-
logical examination.
According to the above criteria, 100 patients with advanced

ovarian cancer were ultimately included. The age of the
patients ranged from 32 to 80 years, with an average age of
55.55 years. Patient data were investigated retrospectively,
and data relating to age, operation time, and blood lipid levels
were acquired from their medical records. The 5-year survival
rate after surgery was ascertained by telephone follow-up.

2.2 Data collection
All patients underwent blood tests before the first chemother-
apy session and seven days after the end of six cycles of
chemotherapy. Blood samples were taken from every patient
in the morning on an empty stomach. Total cholesterol (TC),
triglyceride (TG), low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) were detected by enzymological
methods. The changes in blood lipids in each patient before
chemotherapy and after the last chemotherapy was compared.
According to the serum LDL level after chemotherapy, the
patients were divided into two groups: LDL ≥3.4 mmol/L
(high-LDL) and <3.4 mmol/L (low-LDL) [12]. The 5-year
survival time of the two groups was followed up.

2.3 Statistical analysis
SPSS version 26.0 (IBM, Inc., New York, NY, USA) was used
for statistical analysis, and measurement data were analyzed
by paired t tests and are expressed as the mean ± standard de-
viation. Rate comparisons were evaluated by the chi-squared
test. The Kaplan-Meier method was used to calculate OS
curves for patients in the high-LDL and low-LDL groups, and
the statistical differences between the groups were evaluated
with log-rank tests. The Mantel-Cox model was used to
evaluate the independent impact of blood lipid levels on OS

after chemotherapy. A p value < 0.05 was considered to
indicate statistical significance.

3. Results

3.1 Comparison of TC, TG, LDL and HDL
levels in patients with ovarian cancer before
and after chemotherapy
The blood lipid levels of 100 patients with ovarian cancer were
within the normal range before chemotherapy. After 6 cycles
of platinum-containing chemotherapy, their blood lipid levels
had significantly increased (p < 0.01) (Table 1).

3.2 LDL levels and clinical significance in
patients with ovarian cancer
For the 100 patients with advanced ovarian cancer included
in this study, the average age was 55.55 years (32–80 years).
There were 59 patients (59.00%) with FIGO III disease and
41 patients (41.00%) with FIGO IV disease. Forty-nine pa-
tients (49.00%) achieved R0 surgical resection, and 51 patients
(51.00%) achieved R1 surgical resection. Blood lipid analysis
after chemotherapy revealed 55 patients (55.00%) in the high-
LDL group and 45 patients (45.00%) in the low-LDL group.
There was no significant difference in age, FIGO stage or sat-
isfactory cytoreductive surgery between the high-LDL group
and low-LDL group (Table 2).

3.3 Factors associated with overall survival
The relationship between LDL levels and OS was evaluated
by Kaplan-Meier analysis (Fig. 1). The average 5-year OS
of the 100 patients in this study was 36.86 months. The
average OS of patients with low LDL levels was 39.87 months,
while that of patients with high LDL levels was 29.36 months.
There was a statistically significant difference between the two
groups (p < 0.01). Based on Mantel-Cox statistics, there was
a significant correlation between the high-LDL group and low
OS in ovarian cancer patients after chemotherapy (p < 0.01).
The Cox regression model indicated that postchemotherapy
blood LDL levels exerted an independent impact on OS in OC
patients (hazard ratio (HR): 3.351; 95% confidence interval
(CI): 2.058–5.456; p < 0.01). In addition, FIGO stage and
surgical R0 resection also exerted independent effects on the
survival of patients with ovarian cancer (Table 3).

4. Discussion

Ovarian cancer is the most malignant tumor in gynecology. As
an indispensable part of treatment for ovarian cancer, postop-
erative adjuvant chemotherapy can help reduce the recurrence
of ovarian cancer and prolong patient survival. Paclitaxel
combined with carboplatin, as the first-line chemotherapy for
ovarian cancer, has been widely recognized and adopted [13].
However, we found in clinical work that patients receiving
chemotherapy for ovarian cancer often have dyslipidemia,
which is often ignored by clinicians. Lipids are important
components of the cell membrane and directly or indirectly
participate in signal transduction, inflammatory mediator pro-
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TABLE 1. Comparison of serum lipids concentrations pre and postchemotherapy (x̄ ± s).
Chemotherapy TC (mmol/L) TG (mmol/L) HDL (mmol/L) LDL (mmol/L)
Pre-Chemotherapy 4.45 ± 0.33 1.41 ± 0.15 1.19 ± 0.11 2.80 ± 0.34
Post-Chemotherapy 4.63 ± 0.37 1.53 ± 0.17 1.29 ± 0.14 3.16 ± 0.38
p p < 0.001 p < 0.001 p < 0.001 p < 0.001
TC: total cholesterol; TG: triglyceride; HDL: low-density lipoprotein; LDL: high-density lipoprotein.

TABLE 2. Clinical characteristics of the patients (n (%)).
LDL-Low LDL-High Total p

Number of patients 45 55 100
Age (yr) 56.18 55.04 0.58
FIGO

III 29 (64.44) 30 (54.55) 59 (59.00)
0.32

IV 16 (35.56) 25 (44.45) 41 (41.00)
Residual disease (cm)

0 26 (57.78) 23 (41.82) 49 (49.00)
0.11

1 19 (42.22) 32 (58.18) 51 (51.00)
LDL-High/LDL-Low: According to the serum LDL level after chemotherapy, the patients were divided into two groups: LDL
≥3.4 mmol/L (LDL-High) and <3.4 mmol/L (LDL-Low). LDL: high-density lipoprotein; FIGO: International Federation of
Gynecology and Obstetrics.

FIGURE 1. Kaplan-Meier survival curves according to LDL level after chemotherapy. LDL: Low-density lipoprotein.
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TABLE 3. Factors influencing patient mortality as determined by Cox proportional hazards.
Variables Regression coefficient Wald p HR 95% CI
FIGO 0.952 3.022 0.003 2.590 1.397–4.802
Cytoreduction 1.585 5.233 <0.001 4.877 2.694–8.829
LDL 1.209 4.860 <0.001 3.351 2.058–5.456
HR: Hazard ratio; CI: Confidence interval; FIGO: International Federation of Gynecology and Obstetrics; LDL: low-density
lipoprotein.

duction and angiogenesis [14]. Therefore, abnormal lipid
metabolism in tumor patients not only induces cardiovascular
and cerebrovascular diseases but also affects the occurrence,
development, invasion and metastasis of tumors, thus affecting
patient prognosis.

Hyperlipidemia is also called dyslipidemia. Excessive fat
intake, lipoprotein synthesis and metabolic disorders can all
cause dyslipidemia. Generally, increased cholesterol and/or
triglycerides, increased low-density lipoprotein cholesterol,
and decreased high-density lipoprotein cholesterol are all
considered to be hyperlipidemia and usually occur together.
The results of this study showed that the plasma cholesterol,
triglyceride, low-density lipoprotein cholesterol and high-
density lipoprotein cholesterol levels in patients with advanced
ovarian cancer after chemotherapy were all greater than those
before chemotherapy (p < 0.01), which is different from
the findings in patients with usual hyperlipidemia. The
mechanism of this type of dyslipidemia is very complex and
has not been fully clarified at present, but it may be related to
the following mechanisms: (1) Chemotherapy drugs reduce
lipase activity [15]; (2) the synthesis of topoisomerase I
is inhibited, causing abnormally high-density lipoprotein
cholesterol, leading to high cholesterol and triglyceridemia
[16]; (3) the degradation of apolipoprotein B100 is reduced,
thus increasing the synthesis of low-density lipoprotein
cholesterol and high-density lipoprotein cholesterol [17]; and
(4) the chemotherapy drugs cause insulin resistance in patients
and reduce the endocytosis of lipid molecules by the cell
membrane, thus causing hyperlipidemia [18].

In this study, the levels of cholesterol, triglycerides, low-
density lipoprotein cholesterol and high-density lipoprotein
cholesterol after chemotherapy were significantly greater than
those before chemotherapy, which was consistent with previ-
ous reports [19]. Additionally, some studies have indicated
that increases in LDL-C are positively associated with tumor
size and lymph node metastasis [20], and high blood choles-
terol is associated with an increased ovarian cancer risk [9].
Overall, high serum cholesterol levels are strongly associated
with all stages of cancer development [21]. In addition, this
study revealed that when the low-density lipoprotein choles-
terol level of chemotherapy patients increased, their overall
survival rate decreased. Lin et al. [22] also showed that the
level of low-density lipoprotein cholesterol was related to the
progression-free survival of ovarian cancer patients. Some
studies have shown that patients with hyperlipidemia have a
significantly increased risk of prostate cancer, colon cancer and
breast cancer, and the treatment effect is worse [23]. These
findings indicate that dyslipidemia increases the probability of

tumor occurrence; promotes tumor proliferation, invasion and
drug resistance; and ultimately forms a vicious cycle, resulting
in a poor prognosis for patients with tumors.
At present, dyslipidemia is common and easily overlooked

in patients with ovarian cancer who are receiving adjuvant
chemotherapy after surgery. If dyslipidemia is not corrected
in time, it will promote the progression of the disease and ad-
versely affect patient prognosis. Therefore, during chemother-
apy, patients’ blood lipid changes should be closely monitored,
and lipid-regulating drugs should be administered when nec-
essary to alleviate the probability of adverse cardiovascular
and cerebrovascular events caused by dyslipidemia to a certain
extent and improve the prognosis of these patients.
This study has several limitations that need to be considered.

First, this was a cross-sectional study, which precluded the
determination of causal relationships. Second, the sample size
was small, and the patients were from a single center; this may
have introduced bias. Finally, this was a retrospective study
and it was only possible to analyze a limited body of infor-
mation found in patient charts. However, some pathological
parameters, such as tumor type, tumor grade, and lymphatic
vessel infiltration, have a significant impact on prognosis and
survival. Finally, we discussed only advanced high-grade
serous ovarian carcinoma.

5. Conclusions

In summary, chemotherapy drugs can cause blood lipid
metabolism disorders in patients and can affect patient
prognosis. During chemotherapy, attention should be given
to monitoring patients for a range of physical and chemical
indicators. For those with abnormalities, timely intervention
must be performed to improve the final prognosis of the
patients.
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