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Predictive role of serum cholesterol and
triglycerides in cervical cancer survival

Feng Lin,"? Ruru Zheng,? Chen Yu,® Ying Su,? Xiaojian Yan

HIGHLIGHTS

2FanQu @1

¢ Elevated total cholesterol and triglycerides correlated with worse overall survival for cervical cancer.
¢ The overall survival of patients in the low- and intermediate-level groups did not differ.
¢ In the high-level group, patients were more likely to be older and have hypertension and diabetes.

ABSTRACT

Objective Lipids have been evaluated for their possible
role in cancer survival prediction. The aim of the current
study was to investigate the prognostic value of lipids on
overall survival for stage IB1-1IA2 cervical cancer patients.
Methods A retrospective study including cervical cancer
patients with early-stage (FIGO 2009 stage IB1-11A2)
disease was conducted from January 2012 to February
2017. Patients with any history of liver disease or other
cancers, and patients who took any medications known to
influence lipid metabolism, were excluded. We measured
various factors in patients' lipid profiles including total
cholesterol, triglycerides, high-density lipoprotein, and low-
density lipoprotein, and assessed these four parameters
together with clinicopathological features to identify the
significant prognostic factors for overall survival.

Results A total of 583 patients with median age 53
(range 25-82) years were included. Among them, 283
(48.5%) patients were in FIGO stage I1B1, 44 patients
(7.6%) in stage IB2, 189 (32.4%) patients in stage lIA1,
and the remaining 67 (11.5%) patients were in stage

1IA2. Using univariable Cox proportional hazard analysis
and subsequent multivariable analysis, total cholesterol,
triglycerides, and pelvic lymph node status were shown

to be independent prognostic factors for overall survival
(p<0.05 for all). Furthermore, the results of the Kaplan—
Meier survival curves showed that both the high total
cholesterol group and the high triglycerides group were
associated with worse overall survival (p=0.002 and
p=0.001, respectively)

Conclusions Our study showed that total triglycerides
and total cholesterol may serve as potential predictors for
overall survival in patients with cervical cancer. Cervical
cancer patients may benefit from treatments after
adjusting their triglycerides and total cholesterol levels.

INTRODUCTION

Regardless of global efforts to eliminate cervical
cancer by early detection or prevention, cervical
cancer remains the leading cause of cancer-related
death in women in eastern, western, middle, and
southern Africa. An estimated 570 000 women were
diagnosed with cervical cancer and approximately
311 000 died from this tumor worldwide in 2018.
More than a third of the global cervical burden was

contributed by China and India, with 106 000 cases in
China and 97 000 cases in India, and 48 000 deaths
in China and 60 000 deaths in India.’

Serum lipid profile, including total cholesterol,
triglycerides, high-density lipoprotein, and low-
density lipoprotein, are mainly synthesized by the liver
in humans, which are essential for cell membrane
biogenesis, cell proliferation, cell migration, angio-
genesis, and energy storage.? As a well-established
etiological risk factor for cardiovascular diseases,’
lipid profile had become the focus of attention as
regards a possible role in the development of different
cancers.*® Furthermore, clinical and experimental
evidence had suggested that alterations in choles-
terol metabolism may impact carcinogenesis and/or
metastasis.’

The relationship between the lipid profile and clin-
ical outcomes of various cancers®'® has been studied.
Li et al showed that pre-operative lower triglycerides
and high-density lipoprotein-C levels were risk
factors for breast cancer patients. Decreased high-
density lipoprotein-C level was significantly associ-
ated with worse overall survival, whereas decreased
triglycerides level showed significant association
with worse disease-free survival;'' however, the
prognostic role of lipids remains unclear in cervical
cancer. Therefore, the aim of the current study was to
investigate the prognostic role of serum lipid profiles
on overall survival in early-stage cervical cancer
patients.

METHODS

Patients

A retrospective and consecutive cohort study from
January 2012 to February 2017 in the First Affili-
ated Hospital of Wenzhou Medical University was
performed. Patients with any history of liver disease or
other cancers, and patients who took any medications
known to influence lipid metabolism, were excluded.
A total of 583 patients who underwent radical hyster-
ectomy and bilateral pelvic lymph node dissection for
early-stage cervical cancer (International Federation
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January 2012 - February 2017
Patients received radical hysterectomy in FIGO stagelA2-11A2
N=636

l

Patients with cervical cancer in FIGO stage IB1-11A2
N=619

Patients diagnosed with Squamous cell carcinoma
or Adenocarcinoma postoperatively
N=584

——| Malignant vaginal tumor (n=1) |

Enrolled patients
Histologically confirmed cervical cancer
N=583

Figure 1 Flowchart of patient enrollment in the study. FIGO,
International Federation of Gynecology and Obstetrics.

of Gynecology and Obstetrics (FIGO) 2009 stage IB1-11A2) were
enrolled finally. Among them, 375 patients received additional adju-
vant therapy post-operatively (Figure 1). Approval of the Hospital
Ethics Committee of the First Affiliated Hospital of Wenzhou Medical
University was obtained. The data are available on reasonable
request from Dr Feng Lin (234898067@qq.com); however, only
with the hospital’s approval can the data be reused.

Data Collection

Detailed clinical data were collected within 1week prior to the
patients' operations. Data including total cholesterol, triglycerides,
high-density lipoprotein, and low-density lipoprotein were obtained.
Patients’ pathological and clinical parameters such as FIGO stage,
histological types, lymphovascular space invasion status, pelvic
lymph node metastasis status, depth of stromal invasion, tumor
size, age at diagnosis, and evidence of hypertension and diabetes
mellitus were also reviewed and collected.

Follow-up and Study Endpoint

At each visit, a series of laboratory tests, cervical cytology, trans-
vaginal ultrasound scanning, and computed tomography (CT) and/
or magnetic resonance imaging (MRI) when there was a clinical
suspicion of recurrent disease judged by patients’ complaints and
gynecological examination were performed. The endpoint in our
study was overall survival, defined as the time from surgery to the
time of death regardless of cause. Living patients were censored on
the date of the last follow-up.

Statistical Analysis

The aim of the study was to investigate the associations between
lipid profile and oncological outcomes. The best threshold cut-off
of the continuous variables (such as serum lipid profile and age
at diagnosis) was selected by using receiver operating character-
istic (ROC) curve analysis. Univariate and multivariate regression
analyses were performed. Multivariate Cox regression analysis
was performed by backward stepwise selection for statistically
significant variables in univariate analysis. Survival curves were
performed using the Kaplan—-Meier method and log-rank test.
Continuous variables were expressed as mean+SD and compared

by using t-tests. Categorical variables were analyzed by adopting
Chi-square test or Fisher’s exact test. A p value <0.05 was consid-
ered to be statistically significant.

RESULTS

Patient Characteristics

Our study included 583 cervical cancer patients. Among them,
283 (48.5%) patients were in FIGO stage IB1, 44 patients (7.6%)
in stage 1B2, 189 (32.4%) patients in stage I1A1, and the remaining
67 (11.5%) patients were in stage llA2. Median age was 53 (range
25-82) years and the median follow-up period was 56 (range
1-87) months. The continuous data, such as serum lipids and age,
were expressed as the mean=+SD. Most patients had squamous cell
cancer (90.2%). A total of 39 patients had died by the time of the
last follow-up. One patient died of post-operative pulmonary embo-
lism and another died of infection.

Cut-off Determination and Prognostic Significance

In ROC curve analysis we found that the best cut-off values for the
serum total cholesterol, triglycerides, high-density lipoprotein, and
low-density lipoprotein were 7.19, 2.18, 1.44, and 4.12mmol/L,
respectively, with the maximum joint sensitivity and specificity.

To investigate the prognostic significance of lipids in cervical
cancer, lipid profile and clinicopathological parameters were eval-
uated using the univariate and multivariable Cox regression model.
Table 1 shows that the serum total cholesterol, triglycerides, and
low-density lipoprotein were significantly associated with overall
survival as categorical variables (p<0.05 for all). However, the
high-density lipoprotein was not significant for overall survival
(p=0.058). The four parameters were then evaluated by multivar-
iate analysis together with age, lymphovascular space invasion
status, pelvic lymph node status, depth of stromal invasion, and
tumor size (Table 1). Multivariate analysis suggested that the total
cholesterol and triglycerides were independent prognostic factors
for overall survival (hazard ratio (HR) 3.5, 95% confidence interval
(95% Cl) 1.50 to 8.23, p=0.004; HR 1.95, 95%Cl 1.01 to 3.78,
p=0.048, respectively).

Further Analysis of Independent Prognostic Factors

The study cohort was divided into low- and high-total choles-
terol (<7.19and >7.19mmol/L)and low- and high-triglycerides
(<2.18and >2.18 mmol/L) groups, which were determined by their
optimized threshold values, respectively. The Kaplan—Meier survival
curves for overall survival stratified by total cholesterol and triglyc-
erides, respectively, are shown in Figure 2A,B. The analysis demon-
strated that the high-total cholesterol group had worse overall
survival (p=0.002). Similarly, the survival curve also showed that
the group with high triglycerides was associated with significantly
worse overall survival (p=0.001).

Moreover, the cumulative 3-year (97.7%) and 5-year (94.7%)
overall survival rate in the low-total cholesterol group was higher
(89.7% and 82.1%, respectively) than that in the high-total choles-
terol group (p=0.028and p=0.002, respectively). In addition,
patients with low triglycerides had better 3- and 5-year overall
survival rates (97.3% and 95.8%) than the high triglycerides group
(93.9% and 89.4%, p=0.045and p=0.003, respectively).
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Table 1 Univariate and multivariate Cox proportional hazards regression models of prognostic factors associated with overall
survival in cervical cancer patients

Overall survival

Univariate Multivariate

Variable HR (95% CI) P value HR (95% CI) P value
Age (years) 1.039 (1.009 to 1.070) 0.011

<60 1 1

>60 2.548 (1.353 to 4.798) 0.004 1.884 (0.989 to 3.591) 0.054
High BP

No 1

Yes 1.549 (0.785 to 3.059) 0.207
DM

No 1

Yes 1.185 (0.365 to 3.849) 0.777
TC (mmol/L) 1.184 (0.932 to 1.502) 0.116

<7.19 1 1

>7.19 3.295 (1.454 to 7.468) 0.004 3.519 (1.504 to 8.233) 0.004
TG (mmol/L) 1.223 (1.047 to 1.428) 0.011

<2.18 1 1

>2.18 2.678 (1.427 to 5.028) 0.002 1.950 (1.007 to 3.778) 0.048
HDL (mmol/L) 0.382 (0.117 to 1.245) 0.110

<1.44 1 1

>1.44 0.431 (0.181 to 1.030) 0.058 0.492 (0.199 to 1.213) 0.123
LDL (mmol/L) 1.156 (0.848 to 1.576) 0.360

<412 1 1

>4.12 2.128 (1.010 to 4.485) 0.047 1.499 (0.488 to 4.602) 0.479
LVSI status

No 1 1

Yes 2.082 (1.082 to 4.008) 0.028 1.464 (0.718 t0 9.142) 0.294
PLN status

No 1 1

Yes 4.215 (2.226 to 7.183) <0.001 4.766 (2.485 t0 9.142) <0.001
Histological type

SCC 1

ACC 0.780 (0.240 to 2.533) 0.679
Stromal invasion

Superficial 1 1

Middle 1.696 (0.424 to 6.781) 0.455 1.557 (0.386 to 6.285) 0.534

Deep 4.575 (1.616 to 12.962) 0.004 2.472 (0.830 to 7.362) 0.104
Tumor size (cm)

<2 1 1

>2 2.219 (0.978 to 5.023) 0.057 1.142 (0.467 to 2.797) 0.771

ACC, adenocarcinoma for cervical cancer; BP, blood pressure; Cl, confidence interval; Deep, outer third cervical stromal invasion; DM,
diabetes mellitus; HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein; LVSI, lymphovascular space invasion;
Middle, middle third cervical stromal invasion; PLN, pelvic lymph node; SCC, squamous cell carcinoma for cervical cancer; Superficial,
inner third cervical stromal invasion; TC, total cholesterol; TG, triglycerides.

Furthermore, we combined the optimized value of total choles- <5.17mmol/L, intermediate-level 5.17-7.19mmol/L, high-level
terol and triglycerides with their reference value range, and sepa- >7.19mmol/L; triglycerides: low-level <1.7 mmol/L, intermediate-
rated patients into three subgroups (total cholesterol: low-level level: 1.7-2.18 mmol/L, high-level: >2.18 mmol/L). As shown in
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Figure 2 Kaplan—-Meier survival curves for cervical cancer patients stratified into two subgroups by the best cut-off value
for serum total cholesterol (A) and triglycerides (B), respectively. The high-total cholesterol group had worse overall survival
(p=0.002). Similarly, the survival curve also showed that the group with high triglycerides was associated with significantly

worse overall survival (p=0.001).

Figure 3A,B the overall survival curves of the intermediate-level
group and the low-level group were shown to be insignificant both
in the total cholesterol and triglycerides groups (total cholesterol:
p=0.835; triglycerides: p=0.35).

Correlations between Serum Total Cholesterol, Triglycerides,
and Clinicopathological Features of Cervical Cancer
Clinicopathologic features were compared between patients divided
by serum total cholesterol and triglycerides, respectively. As shown
in Table 2, higher levels of serum total cholesterol and triglycerides
were both associated with older age and hypertension (p<0.005
for all). Furthermore, a higher triglycerides level was significantly
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related to diabetes mellitus (p<0.001). However, there was no
difference in the lymphovascular space invasion status, pelvic
lymph node status, histological type, depth of stromal invasion, and
tumor size in the high- and low-total cholesterol and triglycerides
groups (p>0.05 for all).

DISCUSSION

In our study, both pre-operative total cholesterol and triglycer-
ides were identified to be independent prognostic factors for
early-stage cervical cancer patients. The overall survival of the
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Figure 3 Kaplan—-Meier survival curves for cervical cancer patients stratified into three subgroups by combining the optimized
value and reference value range of total cholesterol (A) and triglycerides (B), respectively. The overall survival curves of the
intermediate-level group and the low-level group closely approached those of both the total cholesterol and triglycerides

groups (total cholesterol: p=0.84; triglycerides: p=0.35).
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Table 2 Baseline characteristics of cervical cancer patients stratified by total cholesterol and triglycerides

Total cholesterol (mmol/L)

Triglycerides (mmol/L)

<7.19 >7.19 <2.18 >2.18

Variables n (n=544) n (n=39) P value n (n=404) n (n=179) P value
Age (years) (range) 53+10.7 60+8.4 <0.001 52+10.4 56+10.8 <0.001
High BP

No 424 25 326 123

Yes 120 14 0.047 78 56 0.002
DM

No 509 35 388 156

Yes 35 4 0.356 16 23 <0.001
LVSI status

No 419 33 313 139

Yes 125 6 0.272 91 40 0.962
PLN status

No 459 34 342 151

Yes 85 5 0.640 62 28 0.927
Histological type

SCC 488 38 365 161

ACC 56 1 0.197 39 18 0.880
Stromal invasion

Superficial 164 123 50

Middle 99 78 27

Deep 281 24 0.484 203 102 0.277
Tumor size (cm)

<2 173 9 129 53

>2 371 30 0.256 275 126 0.577

ACC, adenocarcinoma for cervical cancer; BP, blood pressure; Deep, outer third cervical stromal invasion; DM, diabetes mellitus; LVSI,
lymphovascular space invasion; Middle, middle third cervical stromal invasion; PLN, pelvic lymph node; SCC, squamous cell carcinoma for

cervical cancer; Superficial, inner third cervical stromal invasion.;

intermediate-level group and the low-level group were not different.
Furthermore, in the hypertriglyceridemia and hypercholesterolemia
groups, patients were more likely to be older and have been diag-
nosed with hypertension and diabetes; however, pathological
parameters were similar in the two groups.

Our study suggested that pre-operative high triglycerides and
cholesterol levels were associated with higher overall mortality.
Yang et al also indicated that higher blood lipid levels of total
triglycerides and cholesterol were associated with an increased risk
of cancer-specific mortality and all-cause mortality in colorectal
cancer patients.'? Loftergd et al suggested that hypertriglyceri-
demia was inversely related to overall mortality in HER-2-enriched
breast cancer patients." Allott et al indicated that elevated serum
triglycerides were related to increased risk of prostate cancer recur-
rence, while elevated cholesterol was associated with increased
risk of recurrence among men with dyslipidemia."

The relationship between metabolic disorders and the immune
system has been investigated previously. Hypertriglyceridemia and
hypercholesterolemia, as metabolic syndromes, are characterized
by continuous efflux of inflammatory cytokines and chemokines.'
Prolonged chronic inflammation status, hypertriglyceridemia, and

hypercholesterolemia may stimulate myeloid-derived suppressor
cells, which are known to be immunosuppressive and may result
in both reduced immune surveillance and anti-tumor cytotox-
icity." ' Therefore, we could hypothesize that hypertriglyceridemia
and hypercholesterolemia may lead to hypoimmunity status and
tumor proliferation, then worsening the clinical outcomes. However,
the detailed mechanisms of hypertriglyceridemia and hypercholes-
terolemia in cancer survival require further research.

Nevertheless, many metabolic pathways are involved in cancer
development. One of the most noteworthy pathways is the tran-
sition from catabolism to anabolism."” Cancer cells require large
amounts of cholesterol for the biosynthesis of new cell membrane
for their growth and proliferation.® Therefore, for high cholesterol
consumption, patients with intermediate-level lipids may have
similar survival outcomes as for low-level lipids.

Furthermore, we observed that patients in the high-level group
were older and had more co-morbidities such as hypertension and
diabetes. Gillani et al showed that patients with type 2 diabetes
have a significantly higher rate of mortality in both overall mortality
(28.3%) and cancer-specific mortality (11.7%) as compared with
non-diabetes patients (12.7% and 9.1%, respectively; p<0.001).'
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Harding et al suggested that both treated and untreated hyperten-
sion is associated with an increased risk for cancer mortality.2 Age,
hypertension, and diabetes may be associated with inflammation,
having secretions of numerous proteases and cytokines, including
IL-6 and mechanical changes in the extracellular matrix that
promote tumor growth,?' 2 leading to worse survival outcomes.
Therefore, when we evaluate patient outcomes we should not only
consider the treatment methods and pathological parameters, but
also consider the patient’s systemic resistance. In our study, one
patient died of post-operative pulmonary thrombosis and another
died of infection. Both diseases are immune-related diseases.? *
Consequently, patients may benefit from targeted treatments after
adjusting their triglycerides and total cholesterol levels, in addition
to routine cancer therapies.

Our study has a number of limitations including the small sample
size, the retrospective design, the selection bias due to the avail-
ability of lipid tests for inclusion, the lack of control of post-operative
lipid levels, and other health factors impacting surveillance or treat-
ment. Moreover, patients’ overall nutrient status and medications
used for controlling hypertension and diabetes which could affect
the prognosis were also not evaluated. Further future prospective
studies should be carried out to confirm the role of plasmatic lipid
levels in identifying patients’ survival.

In conclusion, our study indicates that triglycerides and total
cholesterol may serve as potential predictors of overall survival in
patients with cervical cancer. Consequently, patients may benefit
from treatments after adjusting their triglycerides and total choles-
terol levels, in addition to routine cancer therapies. Patients at risk
may be advised to be followed more closely, and clinical trials eval-
uating the effect of lipid-altering medications on cervical cancer
prognosis may also be performed in the future.
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