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Purpose: The ultimate goal of cytoreduction surgery is the complete removal of all visible 
tumors (complete cytoreductive surgery) or tumor residues <1 cm (optimal cytoreduction 
surgery). Following cytoreduction surgery in ovarian cancer, tumor residue is one of the most 
important prognostic factors. Oncologists strive to be able to predict the outcome of cytoreduc-
tion surgery during the presurgical period. The purpose of this study was to assess CCL5 as 
a modality for determining whether a patient could perform optimal cytoreduction surgery or not.
Materials and Methods: This was an observational, analytic, and cross-sectional study of 
patients with ovarian cancer who underwent surgery at the Dr. Hasan Sadikin Bandung from 
2019 to 2020. All of the patients had stage I–IV disease based on the International Federation 
of Gynecology and Obstetrics (FIGO) score.
Results: In total, 72 patients were enrolled in this study, 31 of whom underwent suboptimal 
cytoreduction surgery and 41 underwent optimal cytoreduction surgery. The mean serum CCL5 
level at suboptimal cytoreduction was 70,920.87 ± 36,362.966, while that at optimal cytoreduc-
tion was 43,244.95 ± 21,983.887. CCL5, as a predictor of suboptimal cytoreduction surgery, had 
a sensitivity of 61.3%, a specificity of 68.3%, and an accuracy of 65.7% (p = 0.012).
Conclusion: Preoperative CCL5 serum levels can predict suboptimal cytoreduction surgery 
outcomes in patients with ovarian cancer.
Keywords: ovarian cancer, CCL5, cytoreductive surgery

Introduction
Ovarian cancer is one of the most deadly malignancies of the female reproductive 
system. Statistically, 70–80% of all patients with ovarian cancer who come to the 
hospital have metastatic disease; however, diagnosis may be delayed given that 
specific symptoms are often absent at the early stages of the disease.1,2 Advanced- 
stage ovarian cancer has a grim 5-year survival rate. Popular treatments for ovarian 
cancer include cytoreduction surgery and adjuvant chemotherapy. Since the mid- 
1990s, primary cytoreduction surgery, followed by platinum and taxane combina-
tion chemotherapy, has become the standard treatment regimen for patients with 
advanced ovarian cancer.3

After cytoreduction surgery, tumor residue is one of the most important prog-
nostic factors for increasing survival rates.4,5 The ultimate goal of cytoreduction 
surgery is the complete removal of all visible tumors (complete cytoreductive 
surgery) or tumor residues <1 cm (optimal cytoreduction surgery).

Our ability to predict optimal or suboptimal cytoreduction is important when 
treating patients with ovarian cancer, especially in the advanced stages. Several 
authors have used radiological modalities, CA125 tumor markers, laparoscopy, 
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MRI, CT-Scan and peritoneal carcinomatosis index (PCI) 
as methods for predicting optimal surgical results.6–9 

Unfortunately, these studies have produced mixed out-
comes, and whether outcomes depend more on patient- 
or hospital-specific factors remain unknown.

Predicting surgical outcome for patients with advanced 
ovarian cancer is a dilemma. The gynecologic oncologist 
must decide between performing primary surgery and pursu-
ing an alternative approach. Neoadjuvant chemotherapy and 
debulking interval surgery are valid alternatives in patients 
at higher risk for complications. One of the main objectives 
of surgical treatment is to predict whether the surgical team 
will be able to perform optimal cytoreduction.8

Higher CCL5 levels are associated with lower histolo-
gical differentiation, higher tumor invasion depth, more 
frequent lymph node involvement, and higher tumor 
stage.10 CCL5 is highly expressed and secreted by tumor 
and tumor stromal cells. Evidence supporting the relation-
ship between CCL5 and the progression of ovarian cancer 
has also been demonstrated by studies that analyzed che-
mokine levels in patients’ plasma at various disease 
stages.11 CCL5 appears to influence the optimality of 
ovarian cancer cytoreduction.

Materials and Methods
This study was an observational analytic study with a cross- 
sectional design. This study’s population was all patients 
with suspected ovarian cancer by a gynecological oncology 
consultant who would undergo surgery at Dr. Hasan Sadikin 
Bandung. The research sample is part of the affordable 
population that meets the inclusion criteria. All study sub-
jects were females with stage I–IV ovarian cancer, based on 
the International Federation of Gynecology and Obstetrics 
(FIGO). All subjects underwent a planned primary cytore-
duction surgery, were willing to follow the research, and 
provided written informed consent. Patients with blood 
disorders or infectious diseases and with incomplete exam-
ination results were excluded. The independent variable in 
this study was serum CCL5 levels, the dependent variable in 
this study was suboptimal and optimal cytoreduction sur-
gery, while the confounding variables in this study were 
age, ASA, stage, and histopathology.

The researchers collected preoperative venous blood 
samples from patients with ovarian cancer and examined 
serum CCL5 levels. The gynecologic oncologist deter-
mined if the patient underwent suboptimal or optimal 
cytoreduction surgery before the surgery was over. If 
there were visible >1 cm residual tumors after surgery, 

then the surgery was deemed “suboptimal cytoreduction,” 
and if there were visible <1 cm residual tumors after 
surgery, then the surgery was considered to be an “optimal 
cytoreduction.” Tissue samples obtained during surgery 
underwent microscopic examination to determine the cell 
type and its spread. These histopathological results were 
used to diagnose ovarian cancer.

If ovarian cancer was confirmed by histopathological 
examination, CCL levels in presurgical serum samples 
were measured using Quantikine® Human CCL5/Rantes 
ELISA kit (catalog numbers DRN00B, SRN00B, 
PDR00B) in PRODIA laboratories. We compared CCL5 
levels between the suboptimal and optimal cytoreduction 
groups.

For continuous data, the Kolmogorov–Smirnov test 
was used to test normality, and the normally distributed 
variables between two groups were compared using 
unpaired Student’s t-test. The comparison of categorical 
data was performed using the chi-square test. All statistical 
analyses were performed using SPSS version 24.0 for 
Windows and receiver operating curve12 analysis. 
P-values <0.05 indicated statistical significance.

Results
This research was completed during the period between 
August 2019 and March 2020 at the RS Dr. Hasan Sadikin 
Bandung. There were 72 patients with histopathologically 
confirmed ovarian cancer. The distribution of patients in 
this study is presented in Table 1. The ages at suboptimal 
cytoreduction surgery ranged from 18 to 68 years, while 
that of optimal cytoreduction surgery ranged from 22 to 84 
years. No significant between-group differences were 
observed between the suboptimal and optimal cytoreduc-
tion surgery groups for age, ASA, and histopathology (p 
> 0.05).

We found significant between-group differences in 
CCL5 serum levels in patients who underwent suboptimal 
and optimal cytoreduction surgery. The average of CCL 
serum levels in the suboptimal cytoreduction surgery 
group was 70,920.87 ± 36,362,966, while that in the 
optimal cytoreduction surgery group was 43,244.95 ± 
21,983.887 (P-value = 0.0001; Figure 1). Serum CCL5 
levels predicted suboptimal cytoreduction surgery with 
a sensitivity of 61.3%, a specificity of 68.3%, and an 
accuracy of 65.7% (Table 2).

The ROC analysis revealed an area under the curve 
(AUC) of 73.2% with a P-value = 0.001. Therefore, as 
many as 73.2% of patients with serum levels greater than 
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53,170 were predicted to undergo suboptimal cytoreduc-
tion surgery (Figure 2).

Discussion
No prior research has linked the optimality of cytoreduction 
with CCL5 serum markers. Patients with ovarian cancer 
often demonstrate elevated levels of serum CCL5.13 Long 
et al mentioned that there was evidence to support the rela-
tionship between CCL5 and progression in patients with 
ovarian cancer.11 Similar results were obtained by Wang 
et al (2016) in their retrospective study of 105 patients with 
gastric cancer. Here, increased levels of CCL5 were asso-
ciated with more advanced stages of T and N, poorer histo-
logical types, peritoneal metastases, higher tumor residuals, 
and shorter survival.14 Patients who underwent suboptimal 
cytoreduction surgery showed higher CCL5 levels than those 
who underwent optimal cytoreduction surgery.

In a meta-analysis of 14 studies including patients with 
stage III–IV ovarian cancer, Kang et al found that CA-125 as 

a predictor of suboptimal cytoredutcion has sensiivity value 
68.9% and specificity value 63.3%.15 In addition, several 
studies have also evaluated HE-4 as a predictive marker in 
cytoreduction surgery; a study by Tang et al found that a cut- 
off HE-4 value of 473 pmol/L had a sensitivity value 81.0 % 
and specificity value of 56%.16 Chemokine C-C ligand 5 
(CCL5) is a chemokine that has promoted tumor develop-
ment by changing the tumor microenvironment in some 
in vivo and in vitro studies. In addition to modulating the 
recruitment and activity of immune cells, CCL5 also aids in 
angiogenesis, which depends on vascular endothelial growth 
factors (VEGFs).17,18 CCL5 can promote cancer cell growth, 
stimulate cell proliferation by inducing the mTOR pathway 
and the subsequent rapid upregulation of cyclin D1, c-Myc, 
and Dad-1 expression or by increasing glucose uptake fol-
lowed by increased ATP production and glycolysis.19

Tumor-associated macrophages (TAM) are 
a heterogeneous population of myeloid cells that contri-
bute to immunosuppression, tumor formation, persistence, 
and metastasis.20 CCL5 plays an active role in the recruit-
ment of leukocytes, such as T cells, macrophages, eosino-
phils, and basophils, to the site of inflammation. Together 
with specific cytokines released by T cells, such as inter-
leukin-2 and IFN-, CCL5 also induces the activation and 
proliferation of specific natural killer cells to produce 
C-C chemokine-activated killer cells.21

Angiogenesis is a prerequisite for tumor growth and 
invasion. CCL5 exerts a proangiogenic role by promoting 
endothelial cell migration, spread, new vessel formation, 
and VEGF secretion. Additionally, in response to CCL5 
stimulation, tumor cells can produce VEGF or, through 
CCL5 secretion, can recruit TAM expressing CCR5. In 
turn, TAM can induce angiogenesis by secreting VEGF.20

Chemokine binding to G-protein-coupled receptors 
activates a series of downstream effects that facilitate 
receptor internalization and signal transduction, leading 
to integrin activation (adhesion) and polarization of the 
actin cytoskeleton. The consequences are directional sen-
sing, cell polarization, accumulation of Rac/Cdc42 
GTPase signaling and activation of phosphoinositide 
3-kinase, polymerization of actin, and formation of 
F-actin. These changes lead to the contraction of actomyo-
sin, retraction of the ends of filaments, and, ultimately, cell 
migration. More specifically, in lung cancer, CCL5 con-
tributes to αvβ3 integrin activation and cell migration via 
phosphoinositide 3-kinase/AKT, which in turn activates 
IKKα/β and NF-κB.22

Table 1 Background Characteristics of the Study Population

Variable Group P-value

Suboptimal 
Cytoreduction

Optimal 
Cytoreduction

N = 31 N = 41

Age (years) 0.807

Mean ± Std 50.26±14.121 50.26±14.121

Median 51.00 51.00

Range (min-max) 18.00–68.00 22.00–84.00

ASA 0.324

2 13 (41.9%) 22 (53.7%)

3 18 (58.1%) 19 (46.3%)

Stage 0.0001

I 0 (0.0%) 24 (100%)

II 1 (25.0%) 3 (75%)

III 20 (58.8%) 14 (41.2%)

IV 10 (100%) 0 (0.0%)

Histopathology 0.974

Serous 7(22.6%) 9(22.0%)

Muscinous 11(35.5%) 15(36.6%)

Seromucinous 2(6.5%) 0(0.0%)

Clear Cell 3(9.7%) 2(4.9%)

Endometrioid 4(12.9%) 5(12.2%)

Adult granulose 2(6.5%) 8(19.5%)

Others 2(6.5%) 2(4.9%)

Notes: The P-value numerical data is tested with unpaired t-test if the data is 
normally distributed with the alternative Mann Whitney test if the data is not 
normally distributed. The P-value categorical data is calculated based on the Chi- 
Square test with the Kolmogorov Smirnov and Exact Fisher test alternatives if the 
Chi-Square requirements are not met.
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In ovarian cancer, CCL5 can induce the secretion of 
matrix metalloproteinase-9 by monocytes, causing matrix 
degradation and allowing extravasation of tumor cells.23 In 
gastric cancer, higher levels of CCL5 are associated with 
lower histologic differentiation, a higher depth of tumor 
invasion, more frequent lymph node involvement, and 
advanced tumor stage.10

A recent retrospective analysis of 105 patients with 
gastric cancer found that elevated serum CCL5 levels 
were correlated with advanced T and N stages, poor his-
tological type, peritoneal metastasis, higher residual tumor, 
and shorter survival. The group with high CCL5 levels 
also had stronger CCL5 immunohistochemical staining in 
tumor tissues and metastatic lymph nodes.21,24,25 Thus, 
high serum CCL5 levels, together with strong CCL5 
immunohistochemical staining and poor differentiation, 
can be used to predict peritoneal spread and worse prog-
nosis. CCL5 is also a useful genetic marker that can be 

utilized to predict chemotherapy efficacy for better prog-
nosis and survival outcomes in gastric cancer.23

The serum CCL5 cutoff point was 53,170 (Table 2). 
Serum CCL5 values >53,170.00 indicate a greater like-
lihood of suboptimal cytoreduction surgery. In contrast, 
when serum CCL5 values were < 53,170.0, optimal cytor-
eduction surgery was predicted. This cutoff value had 
a sensitivity of 61.3%, a specificity of 68.3%, a positive 
predictive value of 59.4%, a negative estimated value of 
70%, and an accuracy of 65.7% (Table 2).

The ROC curve is shown in Figure 2. The AUC value on 
CCL5 as a predictor in suboptimal cytoreduction operations is 
61.4% (P < 0.001). Serum CCL5 levels can accurately predict 
cytoreduction surgery outcomes in 53 out of 72 patients.

Measurement of CCL5 levels to predict cytoreduction 
surgery can be utilized to provide counseling and to determine 
the most appropriate therapeutic management in patients with 
ovarian cancer patients. Furthermore, CCL5 levels can be 

Table 2 Sensitivity and Specificity of CCL5 as a Predictor of Cytoreduction Surgery Outcomes in Patients with Ovarian Cancer

Variable Cutoff Sensitivity Specificity AC PPV NPV P-value

CCL5 53,170 61.3% 68.3% 65.7% 59.4% 70.0% 0.012

Notes: For numerical data CCL5 serum levels P-value was tested by unpaired t-test because the data were normally distributed and for categorical data CCL5 serum levels, 
the P-value was calculated based on the Chi-Square test. 
Abbreviations: AC, accuracy classification; PPV, positive predictive value; NPV, negative predictive value.

Figure 1 The level CCL5 between suboptimal and optimal cytoreduction. 
Notes: The CCL5 serum level P-value was tested by using an unpaired t-test because the data were normally distributed. The Mean of Suboptimal Cytoreduction 70,920.87 
± 36,362.966 and Optimal Cytoreduction 43,244.95 ± 21,983.887 (P-value = 0.0001).
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determined in healthcare facilities with limited access to radi-
ological imaging devices such as CT, MRI, and PET-SCAN.

This study has several limitations. We did not examine 
all histological subtypes of ovarian cancer or patients with 
stage I–IV cancer [which, incidentally, is possible in the 
early stages with complete surgical staging (complete 
cytoreduction)] and were therefore unable to distinguish 
whether CCL5 is directly related to high stage or histolo-
gical subtype. Importantly, higher levels of CCL5 have 
been shown to be associated with lower histologic differ-
entiation, higher depth of tumor invasion, more frequent 
lymph node involvement, and advanced tumor stage in 
gastric cancer.10 Other studies have also found that plasma 
CCL5 levels are higher in patients with ovarian cancer 
than in those with ovarian cysts; CCL5 levels have also 
been shown to be higher in stage III–IV ovarian cancer 
than in stage I–II ovarian cancer.13 In addition, our hospi-
tal ceased performing cytoreduction in response to the 
global COVID-19 pandemic. Future studies should include 
a larger patient cohort.

Conclusion
Levels of CCL5 can be a factor in the occurrence of 
suboptimal cytoreduction surgery to be considered in 

determining the management of therapy in ovarian cancer 
patients. However, this also suggests that CCL5 is not 
strong enough to be a major predictor of determining 
cytoreduction surgery with accuracy.

Abbreviations
CCL5, chemokine ligand 5; ROC, receiver operating char-
acteristic; AUC, area under the curve; AC, accuracy clas-
sification; PPV, positive predictive value; NPV, negative 
predictive value.
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