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Abstract

The lymphocyte-to-monocyte ratio (LMR), as a surrogate marker of systemic inflammation, has
been found to be a novel prognostic indicator in various malignancies. Data from 672 advanced
epithelial ovarian cancer (EOC) patients treated with neoadjuvant chemotherapy (NAC) followed
by debulking surgery were analyzed, and the prognostic value of LMR were evaluated. The optimal
cutoff point of LMR in prediction of survival was defined as 3.45 through receiver operating
characteristics curve analysis. Patients with low LMR (<3.45) at diagnosis tended to have more
adverse clinical features, such as higher histological grade, chemotherapy resistance, and residual
tumor >1cm after debulking surgery. No significant correlation was found between LMR level and
age and histological type. Moreover, after NAC, the complete remission (CR) rate for the
low-LMR group was lower than those for the high-LMR group (P<0.05). Patients with low LMR had
poorer progression-free survival (PFS; P<0.001) and overall survival (OS; P<0.001). Multivariate
analysis revealed that low LMR was an independent adverse predictor for PFS and OS. Results
indicated that low LMR at diagnosis is a novel independent prognostic factor for advanced EOC.
However, prospective study is needed to validate this prognostic factor and biological studies
should further investigate the mechanisms underlying the correlation between low LMR and poor
prognosis in advanced EOC.
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Introduction

Epithelial ovarian cancer (EOC) is the most outcomes, neoadjuvant chemotherapy (NAC)

predominant ovarian malignancy (approximately
90%) [1] and is the leading cause of death from
gynecologic ~malignant tumor [2]. Although
cytoreductive surgery followed by platinum-based
adjuvant chemotherapy significantly prolong survival
period, the advanced EOC patients have only less
than 40% of five-year survival rate [3]. To improve

combined with debulking surgery is often used as an
alternative mode of treatment for patients with
advance-stage EOC over the last decade [4]. However,
chemotherapeutic resistance and relapse still
frequently occurred, leading to poor response and
prognosis. Clinicopathological factors, such as
histologic differentiation degree, Federation
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International of Gynecology and Obstetrics (FIGO)
stage and cancer antigen 125 (CA-125) have been
proven to be predictive factors for survival in patients
with EOC after a comprehensive therapy involving
surgery and chemotherapy [5-7]. However, the
capability of these conventional tumor parameters for
predicting recurrence and survival is inadequate.

Recently, increasing evidence showed that the
peripheral blood white cells, for instance lymphocytes
and monocytes, are significantly related to prognosis
in various cancers. Absolute lymphocyte count was
proven to be an independent prognostic factor in
bladder cancer, melanoma and extranodal natural
killer/T-cell lymphoma ([8-10]. Elevated monocyte
count has been demonstrated to predict poor
prognosis in mantle cell lymphoma, colorectal cancer
and lung adenocarcinoma [11-13].
Lymphocyte-to-monocyte ratio (LMR) has been
shown to be a prognostic factor for patients with
hepatocellular carcinoma and endometrial cancer [14,
15]. Recently, one study showed that LMR predicts
the survival and aggressiveness of malignancy of
ovarian cancer patients who underwent primary
debulking surgery [16]. However, few studies have
evaluated the prognostic significance of LMR in
advanced EOC patients treated with neoadjuvant
chemotherapy (NAC) followed by debulking surgery.
Hence, this study was performed to investigate the
prognostic value of pretreatment LMR in these
patients.

Materials and methods

Patient selection

A total of 672 patients newly diagnosed with
EOC from Jun 2008 to Dec 2015 at the Sun Yat-Sen
University Cancer Center and Nanfang Hospital of
Southern Medical University were selected for this
study. The initial diagnosis of EOC was conducted
through a core needle biopsy before treatment.
Meanwhile, histological grades were determined
based on the World Health Organization classification
standards. The inclusion criteria for patient selection
whereas follows: (1) EOC was pathologically
confirmed; (2) received NAC followed by debulking

surgery; (3) sufficient clinical information and
follow-up data.
Patient demographics, Eastern Cooperative

Oncology Group performance status (ECOG PS),
serum CA-125, peripheral blood cell counts, surgical
outcomes (size of remaining tumor) and other clinical
pathologic parameters were collected. Whole body
computed tomography (CT) or positron emission
tomography/computed tomography (PET/CT) was
performed in each patient. For all patients, the tumor

stage was determined for all patients according to the
FIGO staging system. The LMR was calculated by
dividing the absolute lymphocyte count with the
absolute monocyte count, according to pretreatment
peripheral blood cell count. The ethics committees of
all the hospitals approved this study and informed
consent for using their medical records for research
purposes was obtained from all individual
participants enrolled in this study.

Treatment

All patients received three cycles of preoperative
chemotherapy. The NAC regimen comprised the
following: (1) cisplatin/carboplatin combined with
paclitaxel and (2) carboplatin plus docetaxel. The
surgeries were performed three to six weeks after
chemotherapy. We assessed chemotherapy responses
according to the Response Evaluation Criteria in Solid
Tumors (version 1.0) [17]. Complete response or
partial response was considered as chemotherapy
sensitivity, whereas stable disease or progressive
disease was determined as chemotherapy resistance.
After the complete treatment ends, follow-up visits
were performed in the outpatient department once
every three months for the first two years and then
every six months or until death.

Statistical analysis

The relationship of LMR with clinicopathological
characteristics of EOC was analyzed using chi-square
tests. The receiver operating characteristics (ROC)
curve analysis was used to determine the cutoff value
for LMR predicting survival, by searching the
maximum sensitivity and specificity point. The
Kaplan-Meier method was used to calculate overall
survival (OS) and progression-free survival (PFS).
Meanwhile, the univariate analyses for evaluating the
effects of clinicopathological features, including LMR,
on survival were performed through log-rank test.
The Cox proportional hazard model was used to
conduct the multivariate analysis. A two-tailed P<0.05
was defined statistically significant. The SPSS
software (version 19.0) was utilized for statistical
analysis.

Results

Patient characteristics and correlation
between LMR and clinical features

A total of 672 patients, with a median age of 55,
were enrolled in this study. The patient clinical
characteristics are listed in Table 1. Pathology of the
672 ovarian cancer patients consisted of 484 (72.0%)
serous ovarian carcinoma cases and 188 (28.0%)
non-serous ovarian carcinoma cases. Majority of the
cases (494 patients, 73.5%) displayed a good
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performance status (ECOG PS 0-1). A total of 564
patients with EOC were categorized as FIGO stage I1I,
and 108 were diagnosed with FIGO stage IV EOC. The
baseline serum CA-125 level in 446 patients (66.4%)
was higher than normal (35U/mL). After
cytoreductive surgery, 72.3% (486/672) cases had
residual tumor size less than 1 cm.

Table 1.The clinicopathological characteristics of patients with
EOC

Variables n (%)
Age[median (range), years] 55(30-70)
<55 318(47.3)
55 354(52.7)
ECOG PS

<1 494(73.5)
>2 178(26.5)
Histological type

Serous 484(72.0)
Non-serous 188(28.0)
Histological grade

Gl 384(57.1)
G2/G3 288(42.9)
FIGO stage

it 564(83.9)
v 108(16.1)
CA-125 (U mL-1)

<35 226(33.6)
>35 446(66.4)
Chemosensitivity

Yes 444(66.1)
No 228(33.9)
Residual tumor (cm)

<1 486(72.3)
>1 186(27.7)

Lymphocytes Count (109/L) 1.50(0.56-4.20)

Median value, (range)

Monocytes Count (109/L) 0.47(0.10-1.74)

Median value, (range)
Lymphocyte-to-monocyte ratio, LMR
Median value, (range)

3.40(0.90-9.76)

clinicopathological characteristics were compared
between patients in low-LMR group and high-LMR
group (Table 2). ECOG PS of patients was poorer in
the low-LMR group than high-LMR group. Patients in
the low-LMR group were more likely to have higher
histological grade and higher CA-125 level and were
characterized by more common chemotherapy
resistance and more frequent postoperative residual
tumor larger than lcm. However, no significant
differences were noted between low-LMR and
high-LMR groups in age and histological type.
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Figure 1. ROC curve analysis for the optimal cutoff point of LMR. The most
discriminative cutoff value of LMR was 3.45 with an AUC value of 0.808. The
sensitivity and specificity were 73.4 and 73.0%, respectively.

Abbreviations: EOC, epithelial ovarian cancer; ECOG PS, Eastern Cooperative
Group performance status; G1, well differentiated; G2, moderately differentiated;
G3, poorly differentiated; FIGO, International Federation of Gynecology and
Obstetrics; CA -125, cancer antigen 125,LMR, lymphocyte-to-monocyte ratio.

blood

lymphocyte and monocyte for all patients were 1.50 X
10°/L (range: 0.56-4.20) and 0.47 x 10°/L (range:
0.10-1.74), respectively.

The best cutoff point of LMR in prediction of
survival was determined to be 3.45 through ROC
curve analysis, with an area under the curve value of
0.808 (P<0.001) (Fig 1). ROC analysis demonstrated
that LMR was more specific for predicting survival
than CA-125 level (86.7% vs. 73.6%, Supplementary
Figure S1). Based on this cutoff value, 340 (50.6%)
patients were classified into the low-LMR group
(£3.45), and 332 patients (49.4%) were categorized into
the high-LMR group (>3.45) at diagnosis. The baseline

The median values of peripheral

NAC regimen and response

In this study, all patients received NAC, of
which 298 patients (44.3%) were given cisplatin plus
paclitaxel, 250 cases (37.2%) received combined
chemotherapy with paclitaxel and carboplatin, and
124 cases (18.5%) received carboplatin and docetaxel
combination chemotherapy regimen. Of the 672 EOC
patients enrolled, 444 displayed chemotherapy
sensitivity and 228 showed chemotherapy resistance.
After the NAC, 61 patients (9.1%) had complete
remission (CR).The CR rate for NAC was significantly
lower for patients in the low-LMR group compared
with those in the high-LMR group (P<0.05).

Survival and prognostic factors

At a median follow-up time of 38 months (range,
5-103 months), the median PFS and OS for all 672

patients was 25.0 months (95% CI 23.7-26.3 months)

http://lwww.jcancer.org



Journal of Cancer 2017, Vol. 8

740

and 49.0months (95% CI 45.5 — 52.5 months),

respectively. Patients in low-LMR group had
significantly poorer PFS (median PFS: 22.0 months vs.
31.0 months, P<0.001; Fig.2a) and OS (median OS: 44.0
months vs. 58.0 months, P<0.001; Fig.2b). In
univariate analysis, high histological grade, advanced
FIGO stage, high serum CA-125 level, chemotherapy
resistance, residual tumor >1cm, lower LMR value (<

3.45), etc. were significantly associated with poorer
PFS and OS (Table 3). No significant relationships
were found between age, ECOG PS score and survival
outcomes. As shown in Table 3, multivariate analysis
using Cox regression model showed that lower LMR

value (=<3.45), residual tumor >lcm, chemotherapy

resistance and advanced FIGO stage were four
independent prognostic factors for both PFS and OS
(P<0.05).

Discussion

In the current study, lower LMR was found to be
significantly correlated with poor ECOG PS, higher
histological ~ grade,  higher = CA-125  level,
chemotherapy resistance and larger residual tumor
after the debulking surgery in advanced EOC.
Furthermore, lower LMR was associated with poor
responses to NAC. Based on the Cox regression
model, which included LMR, FIGO stage, serum
CA-125 level, chemosensitivity, etc., LMR was found
to be an independent prognostic factor for both PFS

and OS.

Table 2. Correlation of LMR with clinicopathological features in
patients with EOC

Variables LMR<3.45, LMR>3.45, P
n=340(%) n=332(%)

Age 0.189

<55 152(44.7) 166(50.0)

=55 188(55.3) 166(50.0)

ECOGPS <0.001

0-1 214(62.9) 280(84.3)

22 126(37.1) 52(15.7)

Histological type 0.732

Serous 247(72.6) 237(71.4)

Non-serous 93(27.4) 95(28.6)

Histological grade 0.001

Gl 173(50.9) 211(63.6)

G2/G3 167(49.1) 121(36.4)

FIGO stage <0.001

11 269(79.1) 295(88.9)

v 71(20.9) 37(11.1)

CA-125 (UmlL-1) <0.001

<35 83(24.4) 143(43.1)

>35 257(75.6) 189(56.9)

Chemosensitivity 0.001

Yes 204(60.0) 240(72.3)

No 136(40.0) 92(27.7)

Residual tumor (cm) <0.001

<1 204(60.0) 282(84.9)

>1 136(40.0) 50(15.1)

Abbreviations: EOC, epithelial ovarian cancer; ECOG PS, Eastern Cooperative
Group performance status; G1, well differentiated; G2, moderately differentiated;
G3, poorly differentiated; FIGO, International Federation of Gynecology and
Obstetrics; CA -125, cancer antigen125;LMR,lymphocyte-to-monocyteratio.
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Figure 2. Kaplan-Meier survival analysis of lymphocyte-to-monocyte ratio (LMR) in patients with advanced epithelial ovarian cancer receiving neoadjuvant
chemotherapy (NAC) followed by debulking surgery. A: Progression-free survival according to LMR; B: Overall survival according to LMR
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Table 3. Univariate and multivariate analysis of factors associated with Progression-Free Survival and Overall Survival of all patients.

Parameters PFS 0s
Univariate analysis Multivariate analysis Univariate analysis ~ Multivariate analysis
Pvalue HR (95%CI) Pvalue Pvalue HR (95%CI) Pvalue
Age 255 years 0.447 0.298
ECOG PS score (22) 0.635 0.369
Histological type 0.039 0.041
Serous vs. Non-serous
Histological grade <0.001 0.027
G2/G3 vs. G1
FIGO stage <0.001 1.526 (1.246-1.869) <0.001 <0.001 1.541 (1.198-1.982) 0.001
IV vs. I
CA-125 (U/mL )>35 0.031 0.010
Chemosensitivity 0.014 1.483 (1.004-2.190) 0.048 0.002 1.317 (1.039-1.669) 0.023
No vs. Yes
Residual tumor (cm)>1 0.026 1.287 (1.032-1.606) 0.025 0.005 1.291 (1.014-1.643) 0.038
LMR< 345 <0.001 1.721 (1.505-1.969) <0.001 <0.001 1.625 (1.388-1.895) <0.001

Abbreviations: OS, overall survival; PFS, progression-free survival; HR, hazard ratio; CI, confidence intervals; ECOG PS, Eastern Cooperative Oncology Group performance
status; FIGO, International Federation of Gynecology and Obstetrics; CA -125, cancer antigen 125; LMR, lymphocyte-to-monocyte ratio.

Increasing evidence suggests that the
pre-treatment host systemic immune response and
inflammatory level can predict patient survival in
advanced cancer. LMR may be a sensitive host
immunity-related prognostic indicator in cancer
patients [18]. Previous investigations in a large cohort
study, which included 1547 cases, showed that
non-metastatic nasopharyngeal carcinoma patients

with higher LMR levels (=5.22) had significantly

better PFS and OS [19]. Subsequent multivariate
analysis revealed that higher LMR level was still a
significant favorable prognostic factor. Lin et al.

reported that elevated LMR (=4.56) was associated

with better PFS and OS in metastatic non-small-cell
lung cancer patients [20]. In this large cohort study,
we analyzed peripheral blood LMR in 672 patients
with advanced EOC at diagnosis. The median value of
LMR was 3.40. Based on the ROC curve analyses, 3.45
was determined to be the best cutoff value for
distinguishing between different prognoses. The
patients with low LMR tended to have NAC
resistance and residual tumor >lcm compared with
patients with higher LMR. Not surprisingly, the
median PFS and OS in the low LMR group were
significantly shorter than those in the high LMR
group. Multivariate analysis also showed that low
LMR was an independent prognostic factor for PFS
and OS. All these data demonstrated that LMR was
closely related to NAC response and prognosis in
advanced EOC, indicating a significant role for
lymphocytes in inhibiting tumor progression and
monocytes in promoting the development of disease.

Williams KA et al. reported that CA-125 was
positively correlated with monocyte count and
inversely correlated with lymphocyte count on 519
women with ovarian cancer [21]. In a multivariate
adjusted analysis, high lymphocyte count predicted

better survival. A recent study from South Korea
reported by Eo et al. evaluated the prognostic
significance of LMR in 234 EOC patients receiving
primary debulking surgery [16]. Their results showed
that LMR cutoff value of 2.07, which was selected
through the ROC curve analysis, can categorize the
patients into two groups (low LMR and high LMR)
with different survival outcomes [16]. Similarly, LMR
is a significant independent prognostic factor for OS,
although it is not significant for predicting PFS. There
may be several reasons for small differences between
the results of our study and the study in South Korea.
First, for addressing potential biases associated with
different treatment modalities, three cycles of NAC
combined with debulking surgery was administered
to all patients enrolled into our study. Meanwhile, the
patients who had been treated with radiotherapy or
neoadjuvant chemotherapy were excluded in the
Korea study. Second, 41.4% of patients had stage I-II
disease in the Korea study, whereas only EOC
patients with stage III-IV were enrolled into our
study. From the above results, LMR is a novel
prognostic factor for advanced EOC that can be used
to categorize patients into different prognostic
subgroups, guiding the personalized treatment.
Approximately 70%-80% of all EOC patients
develop advanced diseases [1]. Currently, NAC is
recommended by the National Comprehensive
Cancer Network guidelines for stages Illc to IV EOC
patients, who are not surgical candidates. However,
noticeable differences in chemotherapeutic response
and survival outcome after NAC therapy has been
observed among advanced EOC patients, indicating
that advanced EOC is a heterogeneous disorder.
Therefore, great advances have been made in
searching predictive or prognostic biomarkers to
distinguish heterogeneous advanced EOC. The cell
immunity mediated by lymphocytes plays a vital role
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in the antitumor process. Lymphocytes can migrate
into the tumor microenvironment and evolve into
tumor-infiltrating ~ lymphocytes  (TILs).  TILs,
particularly CD8+T cells and CD20+ B cells,
accumulate in the tumor microenvironment and are
associated with good outcomes [22-24]. As a surrogate
marker of strong antitumor immunity, elevated ALC
in peripheral blood correlated with good survival
outcomes in patients with extranodal natural
killer/T-cell lymphoma [10]. On the other hand,
previous studies have showed that monocytes
produce  various  cytokines, for  instance,
interleukin(IL)-6, IL-10 and IL-15, which have been
related to poor prognosis in cancer patients [25-27].
Moreover, monocytes can differentiate into
tumor-associated macrophage, which promote the
proliferation of tumor cells and tumor angiogenesis
and enhance the metastatic potential of malignant
cells [28]. Low AMC in peripheral blood has been
found to be associated with good prognosis in NPC
patients [19]. However, either ALC or AMC, as a
single clinical parameter, seemed to have limited
ability to predict survival outcome. Taking these
aspects into consideration, LMR, as an indicator of
systemic immunity and inflammation, can be an ideal
candidate prediction marker because of the
advantages of simplicity and easy availability
compared with complex molecular markers.

LMR, as an easily measured clinical biomarker,
was proven to be a prognostic stratification factor for
advanced EOC patients in our study, which had the
advantages of including large sample size, involved
multicenter data and low heterogeneity of patients
receiving NAC followed by debulking surgery.
Meanwhile, limitations of this study include its
retrospective design, which can lead to selection bias.
Prospective studies are essential to validate our
findings in the future.

In conclusion, this is the first large cohort study
that confirms LMR is a powerful predictor of NAC
and is a prognostic factor in patients with advanced
EOC. Future experiment research is needed to further
investigate the correlation between LMR and tumor
microenvironment in advanced EOC.

Supplementary Material

Supplementary figure S1.
http:/ /www jcancer.org/v08p0737s1.pdf
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