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Abstract

Objectives: To investigate the role of inflammation-related factors, lymphocyte-to-monocyte ratio
(LMR) alone and combined detection with cancer antigen 125 (CA125), in the prognostic assessment of
ovarian cancer (OC).

Methods: A retrospective clinicopathologic review was performed. The receiver-operating
characteristic (ROC) curves of LMR, CAI125, and COLC predicting mortality in OC patients were
constructed. Besides, Kaplan—Meier and Cox logistic regression models were used to plot the survival
curves and determine the independent prognostic factors.

Results: A total of 214 OC patients were identified in this cohort. The mean duration of follow-up was
64 months (minimum 8 months, maximum 116 months). In this cohort, 135 cases died (63.1%), and the
median progression-free survival (PFS) and overall survival (OS) were 20 and 39.5 months, respectively.
Results of the multivariate Cox regression model showed that LMR<3.8 (HR = 0.494, 95% ClI:
0.329-0.742, P = 0.001) and CA125>34 U/ml (HR = 1.641, 95% Cl: 1.057-2.550, P =0.027) were
significantly associated with poor PFS; and LMR<3.8 (HR = 0.459, 95% CI: 0.306-0.688, P = <0.001) and
CA125>34 U/ml (HR = 1.946, 95% CI: 1.256-3.015, P = 0.003) were significantly associated with OS.
Furthermore, the area under the curve of COLC was higher (0.713) than that of LMR (0.709) or CA125
(0.583), the specificity of COLC was higher (75.9%) than that of LMR (62%) or CAI125 (40.5%) in
predicting mortality in OC patients.

Conclusions: LMR alone and combined with CA125 might be used as predictive markers in OC.
Furthermore, as a prognostic factor, COLC might have a higher specificity to predict the outcome.
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Introduction

Ovarian cancer (OC) is the deadliest gynecologi-
cal cancer, and threats women's health significantly
[1]. Siegel RL [2] reported that 13,980 OC deaths are
projected to occur in the United States in 2019.
Although the OC death rate has declined annually
[2-4], the prognosis of OC remains disappointing
[5-6]. Various studies have identified that biomarkers
could have the greatest impact on survival results in
prognostication [1, 7].

Cancer antigen 125 (CA125), considered as a
tumor-related maker, is a glycoprotein tumor-
associated antigen, which exists in the tissues and
serum of epithelial ovarian cancer. It is one of the
most studied factors in OC, and its role in predicting
the prognosis of OC has been evaluated [8-9].
However, it is not widely used in clinic due to its
relatively low specificity [7].
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As an inflammation-related prognostic factor,
the lymphocyte-to-monocyte ratio (LMR) represents
the lymphocyte levels divided by the monocyte levels
in OC, and it has recently been evaluated for its ability
to predict the survival of patients with various solid
cancers [10-12]. Researchers have found that LMR
might be a prognostic factor of OC [13-14]; however,
consensus has not been reached due to inconsistent
results of different studies [15].

Consequently, we attempted to evaluate the
prognostic ability of LMR combined with CA125
(COLC) to investigate the role of LMR and COLC in
predicting progression-free survival (PFS) and overall
survival (OS) in OC patients.

Materials and Methods

Patients

A total of 214 patients with OC who underwent
initial cytoreductive surgery between January 2006
and December 2016 in the affiliated Nanchong Central
Hospital of North Sichuan Medical College were
enrolled.

Inclusion criteria were as follows: histologically
confirmed ovarian cancer; histologic subtype, histo-
logical grade, lymph node metastases of OC were
obtained by histologic examination; and histologic
reports were reviewed and diagnosed by two senior
pathologists.

Exclusion criteria were as follows: severe liver
and kidney damage, autoimmune diseases, thrombus
and hemorrhagic diseases, second malignancies or
multiple primary malignancies, infectious diseases in
the past 2 weeks, chemotherapy treatment or other
anti-tumor treatment and no blood routine
examination results within 3 days before surgery.

The standard procedures for primary debulking
surgery (PDS) consisted of total hysterectomy,
adnexectomy, appendectomy, omentectomy, pelvic
and para-aortic lymphadenectomy sampling, routine
abdominal washing and any tumorectomy of
metastatic lesions if applicable [4, 16]. Postoperative
adjuvant chemotherapy (ACT) consisted of paclitaxel
(175 mg/m?2), and carboplatin (AUC 5) was initiated
within 6 weeks of PDS, repeated every three weeks for
6 cycles when required [16]. Patients with advanced
stage (FIGO IlI~1V), of diseases who have received
platinum-based neoadjuvant chemotherapy (NACT)
followed by interval debulking surgery (IDS) were
also included in this study [16]. Optimal debulking
surgery (ODS) was defined as completion of
cytoreduction resulting in residual tumor less than 1
cm in diameter [17].

The primary endpoint of the study was PFS,
which was calculated from the date of surgery to the

date of recurrence or progression [18]. The secondary
endpoint of the study was OS, which was defined as
the time from the date of surgery to the date of death
or last follow-up [18]. All OC patients were followed
up after the end of chemotherapy: every 3 months for
the first 2 years, every 6 months for 2-5 years, and
then annually for 5 years. At each visit, the patients
were assessed by ultrasound examination of the
pelvic cavity, abdomen (liver, gallbladder, pancreas,
and spleen), serum CA125 level test, and CT or MRI
examination of relevant sites when necessary.

This study was approved by the Ethics
Committee of the affiliated Nanchong Central
Hospital of North Sichuan Medical College. Because
of the retrospective study design, informed consent
could not be obtained from each patients. Instead of
obtaining informed consent from each patient, we
posted a notice about the study design and contact
information at a public location in the affiliated
Nanchong Central Hospital of North Sichuan Medical
College.

Methods

All of the following data were obtained from
medical records: age, BMI, FIGO stage, tumor
(histological grade and type), attainment of optimal
debulking, whether combined with malignant ascites
and lymph node metastases, clinical characteristics
(CA125, lymphocyte, and monocyte levels) within 2
days before surgery. Based on previous studies, LMR
was defined as the absolute lymphocyte count/the
absolute monocyte count [18].

Statistical analyses were performed with SPSS
software (ver. 20.0; IBM Corp, Armonk, NY, USA).
The optimal cutoff values for LMR and CA125 were
determined via the receiver-operating characteristic
(ROC) curve, and the OC patients were categorized
into two groups according to the optimal cut-off value
of LMR and CA125, respectively. The definition of
COLC was according to the Glasgow prognostic score
(Table 4). The areas under curves (AUCs) were
compared using ROC curves calculated for LMR,
CA125 and COLC. The ROC was performed with
MedCalc software (ver. 15.2.1, MedCalc Software
bvba, Ostend, Belgium). The PFS and OS of the 2
groups were compared statistically. Univariate and
multivariate Cox regression analyses were used to
analyze the factors that might affect PFS and OS in OC
patients. Differences in survival among classification
groups were analyzed using Kaplan-Meier curves
and log-rank tests. A two-sided P value <0.05 was
considered statistically significant.
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Results

Patient characteristics

A total of 214 OC patients were identified. Their
median age was 50 years (range: 20-88 years). The
majority histologic subtype and grade of OC patients
were serous and G3 (both n=146, 68.2%), and there
were 101 people (47.2%) were classified into
Federation of Gynecologists and Obstetricians (FIGO)
stage III at initial diagnosis. The mean duration of
follow-up was 64 months (minimum 8 months,
maximum 116 months). In this cohort, 135 cases died
(63.1%); and the median PFS and OS were 20 months
and 39.5 months (table 1), respectively. The baseline
characteristics of all OC patients are listed in table 1.

Table 1. Clinical characteristics of patients with ovarian cancer.

Clinical Characteristic Measure
Age 50 (20-88)
BMI (kg/ m2) 22.7 (16.5-29.9)
Histologic subtype (n (%))

Serous 146 (68.2)
Endometrioid 24 (11.2)
Transitional cell 20 (94)
Clear cell 12 (5.6)
Mucinous 11 (5.1)
Other 1(0.5)
FIGO Stage (n (%))

I 61 (28.5)

1 38 (17.8)

Ul 101 (47.2)

v 14 (6.5)
Histological grade (n(%) )

Gl 28 (13.1)

G2 40 (18.7)

G3 146 (68.2)
Optimal debulking (n(%) )

Yes 118 (55.1)
No 96 (44.9)
Malignant ascites (n(%) )

Yes 96 (44.9)

No 118 (55.1)
Lymph node metastases (n(%) )

Yes 120 (56.7)
No 94 (43.3)
State(n(%))

Survival 79 (36.9)
Died 135 (63.1)
Treatment(n(%))

PDS 28 (13.0)
PDS+ACT 47 (22.0)
NACT+IDS+ACT 137 (64.0)
ACT 2 (1.0)
Lymphocyte*1019 1.3 (0.3-2.80)
Monocyte*1079 0.4 (0.001-3.1)
LMR 3.64 (0.48-18.00)

CA125 (U/ml)
PFS (months)
OS (months)

230.2 (1.4-5600)
20 (1-67)
39.5 (3-103)

BMI, body mass index; FIGO, Federation of Gynecologists and Obstetricians; PDS,

primary debulking surgery; IDS, interval debulking surgery; ACT, adjuvant
chemotherapy; NACT, neo-adjuvant chemotherapy; LMR, lymphocyte/monocyte
ratio; CA125, cancer antigen 125; PFS, progression-free survival; OS, overall

survival

ROC Curves of the LMR and CA125

The ROC curve of LMR predicting mortality in
OC patients was shown in Figure 1a. Optimal cutoff
point of LMR was 3.8, the sensitivity and specificity
were 74.8% and 62%. OC patients were divided into
two groups based on this cutoff value (LMR > 3.8,
n=283,38.8%; LMR < 3.8, n=131, 61.2%).

The ROC curve of CA125 predicting mortality in
OC patients was shown in Figure 1b. The optimal
cutoff point of CA125 was 34 U/ml, the sensitivity
and specificity were 80% and 40.5%. OC patients were
divided into two groups based on this cutoff value
(CA125 >34 U/ml, n=155, 72.4%; CA125 <34 U/ml,
n=>59,27.6%).

Survival and prognostic factors

Patients in the low-LMR group and high-CA125
group had a significantly shorter PFS (21 months vs.
40 months, P< 0.001; 24 months vs. 35 months, P =
0.01; Fig. 2a and 2b) and OS (39 months vs. 75 months,
P < 0.001; 48 months vs. 70 months, P < 0.001) than
those in the high-LMR group and low-CA125 group
(Fig. 2c and 2d).

Correlations of clinicopathological factors with
PFS and OS were analyzed by using univariate and
multivariate analyses. In univariate analyses Cox
regression model, age, BMI, FIGO stage, histological
subtype and grade, optimal debulking, malignant
ascites, lymph node metastases, LMR, CA125 were all
significantly associated with PFS (Table 2) and OS
(Table 3). In the multivariate Cox regression model,
FIGO stage (HR, 6.609; 95% CI: 4.013-10.880, P< 0.001),
histological grade (HR =1.943, 95% CI: 1.126-3.353, P
= 0.017), optimal debulking (HR = 2.662, 95% CI:
1.804-3.927, P < 0.001), lymph node metastases (HR =
1.832, 95% CI: 1.167-2.876, P = 0.008), LMR (HR =
0.494, 95% CI: 0.329-0.742, P = 0.001), and CA125 (HR
= 1.641, 95% CI: 1.057-2.550, P = 0.027) were
significantly associated with PFS (Table 2); FIGO stage
(HR = 7.643, 95% 95% CI: 4.797-12.175, P < 0.001),
histological grade (HR = 3.672, 95% CI: 2.069-6.517, P
<0.001), optimal debulking (HR = 2.662, 95% CI
1.804-3.927, P < 0.001), lymph node metastases (HR =
2.369, 95% CI: 1.515-3.705, P <0.001), LMR (HR =
0.459, 95% CI: 0.306-0.688, P <0.001), and CA125 (HR
= 1.946, 95% CI: 1.256-3.015, P = 0.003) were
significantly associated with OS (Table 3).

The Capacity of the Prognostic Value of COLC
in OC

As shown above, both LMR and CA125 were
prognostic markers of OC. But whether COLC had the
same efficacy needed to be clarified. The definition of

COLC was according to the Glasgow prognostic score
(Table 4). The ROC curve of COLC in predicting
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mortality of OC patients was constructed (Fig. 1C). Table 3. Univariate and multivariate Cox proportional hazards
The capacities of LMR, CA125, and COLC in  2nalysis of overall survival.
predicting mortality of OC patients were compared  Varies Univariate Multivariate
by ROC curves. The result showed that the AUC of HR 95%CI P HR 95%CI P
. . A 1.015 (1.002- 0.025 1.007 (0.992- 0358
COLC was 0.713 (95% CI: 0.641-0.786, Fig.1c)), which ~ “#° ) o
was higher than that of LMR (0.709, Fig.la) and  Bwm 1.064 (L010- 0019 0953 (0897-  0.121
. e 1.120) 1.013)
CA1-2$ . (0.583, Flg.lb). An((,;l the Ser})SltIVIty and FIGO 7717 (4963-  <0.001 7643 (4797-  <0.001
specificity of COLC were 59.3% and 75.9%. (I-IV vs. 1-1T) 12.000) 12.175)
Furthermore, univariate Cox regression and gisrt;’i‘;giscaé;fezgpe 1.904 9820%2) 0.001 1.262 50;;%6) 0.282
VS. . .
Kaplan-Meier method were used to evaluate the  miswlogicalgrade 4457 (2.660- <0.001 3672 (2069-  <0.001
value of COLC in predicting OC (Fig. 2e, 2f). The  G*G3vs.Gl 7466) 6:17)
. . . Optimal debulking 1.778 (1.255- 0.001 2662 (1.804- <0.001
result of univariate Cox regression showed that PFS (e vs. no) 2520) 3.927)
(HR = 1.994, 95% Cl: 1.517-2.620, P < 0.001) and OS  Maligrantascies 2350 (L650- <0001 1320 (0a01- 0154
_ o, . yes vs. no, N B
(HR = 1.974, 95% CI: 1.502-2.595, P < 0.001) were Lymph node metastases 2.579 (1.790-  <0.001 2369 (1515  <0.001
different among the three groups (COLC =0,1,and 2)  (yesvs.no) 3.715) -3.705)
£ OC patient LMR 0402 (0.272-  <0.001 0459 (0.306-  <0.001
o patents. (>38vs.<38) 0.594) 0.688)
CA125(U/ml) 1.802 (1.181-  0.006 1.946 (1.256-  0.003
(<34 vs.>34) 2.749) 3.015)
Table 2. Univariate and multivariate Cox proportlonal hazards The multivariate Cox regression model demonstrated that LMR<3.8 (HR = 0.459,
analysis of progression-free survival. 95% CI: 0.306-0.688, P = <0.001), and CA125>34 U/ml (HR = 1.946, 95% CI:
1.256-3.015, P = 0.003) were significantly associated with OS. BMI, body mass index;
Varies Univariate Multivariate FIGO, Federation of Gynecologists and Obstetricians; LMR, lymphocyte/ monocyte
HR 95%CI P HR 95%CI P ratio; CA125: cancer antigen 125.
Age 1.015 (1.002- 0.025 1.007 (0.992- 0345
1.029) 1.022)
BMI 1.064 (1.010- 0.019 0970 (0.911- 0337 Table 4. Prognosis scores of LMR, CA125 and COLC
1.120) 1.032)
FIGO 7.987 (5.078- <0.001 6.609 (4.013- <0.001 Score
(II-IV vs. I-IT) 12.564) 10.88) LMR
Histological subtype 1.908 (1.298- 0.001 1.272  (0.843- 0.252 <38 1
(serous vs. others) 2.806) 1.920) >38 0
Histological grade 3.891 (2.346-  <0.001 1943 (1.126-  0.017 CA125 (U/ml)
(G2-G3 vs. G1) 6.454) 3.353) < 0
Optimal debulking 1550 (1.097- 0.013 1953 (1.335-  0.001 R
(yes vs. no) 2.190) 2.856) >34 1
Malignant ascites 2191 (1542~  <0.001 1184 (0.816- 0374 COLC
(yes vs. no) 3.113) 1.718) LMR > 3.8 and CA125 < 34U/ml 0
Lymph node metastases 2.499 (1.735-  <0.001 1.832 (1.167-  0.008 LMR <3.8 or CA125 > 34U/ ml 1
(yes vs. no) 3.600) 2.876) LMR < 3.8 and CA125 > 34U/ml 2
1‘:\;[1; <38) 0.401 (()0529?)- <0.001 0.494 (()071222- 0.001 LMR, lymphocyte/monocyte ratio; CA125, cancer antigen 125; COLC, combination
.0 V8. S0. . ..
of LMR and CA125
CA125(U/ml) 1719 (1.127- 0.012 1.641 (1.057-  0.027
(34 vs.>34) 2.622) 2.550)
The multivariate Cox regression model demonstrated that LMR<3.8 (HR = 0.494,
95% CI: 0.329-0.742, P = 0.001), and CA125>34 U/ml (HR = 1.641, 95% CI:
1.057-2.550, P = 0.027) were significantly associated with poor PFS. BMI, body mass
index; FIGO, Federation of Gynecologists and Obstetricians; LMR,
lymphocyte/monocyte ratio; CA125: cancer antigen 125.
LMR CA125 coLc
1.0+ 10 o 1.0 -
0.8 08 ] 08—
g 0.6~ g 06~ p g 08~
k| = =
: :
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Figure 1. Receiver-operating characteristic curve analyses of LMR (a), CA125 (b), and COLC (c) in OC patients. LMR, lymphocyte/monocyte ratio; CA125, cancer antigen 125;
COLC, combination of LMR and CA125.
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Figure 2. Kaplan—Meier progression-free survival curves showing the difference between the high LMR and low LMR groups (a), high CA125 and low CA125 groups (b), and
COLC groups (c) (n =0, 1, and 2) in OC patients. Kaplan—Meier overall survival curves showing the difference between the high LMR and low LMR groups (d), high CA125 and
low CA125 groups (e), and COLC groups (f) (n =0, 1, and 2) in OC patients. LMR, lymphocyte/monocyte ratio; CA125, cancer antigen 125; COLC, combination of LMR and

CAI125.

Discussion

The present study reported that inflammation-
related factors, LMR is associated with the survival
results of OC [13-15]; however, consensus has not yet
been reached. In our study, the cutoff value of LMR to
predict the mortality of OC was close to that in the
study by Zhang W [13], which indicated that LMR
might be used as a reference to evaluate the outcome
of OC. Besides, to further evaluate the prognostic
value of LMR in OC, univariate and multivariate
Cox regression analysis were performed, and the
results showed that low LMR was an independent
predictive factor of poor PFS and OS in OC.
Furthermore, we recommended COLC to predict the
survival results of OC to improve the accuracy. COLC
achieved a higher AUC and specificity than LMR or
CA125, indicating that COLC might have a higher
specificity to predict the outcome.

On the one hand, this study provides further
support for the proposition that elevated preoperative
low LMR is associated with poor prognosis in OC
patients. LMR has the potential to be widely used for
its easier to measure, low price, and strong
practicability. However, the potential mechanisms
underlying the prognostic capacity of LMR have not
yet been clarified. We tried to explain the mechanism.
Firstly, a series of studies have proven that
lymphocytes play an important role in immunologic

surveillance and tumor immunoediting. They can
induce tumor cell apoptosis, and inhibit tumor cell
proliferation and migration [19-20]. Lymphocytes
enter into the tumor microenvironment and evolve
into tumor-infiltrating lymphocytes [21]. Therefore,
OC can achieve an antitumor immune reaction [22].
Secondly, monocytes are derived from chemokines
and cytokines of inflammation; they could be
recruited to the tumor microenvironment by
tumor-derived CCL [23], and they play a role in
promoting tumor progression [24]. Besides,
inflammation can cause monocytes to be transferred
from the bone marrow to the peripheral blood [25],
and induce the differentiation of monocytes into
tumor-associated macrophages (TAMs) [26]. TAMs
express tumor necrosis factor (TNF)-a and interleukin
(IL)-6, which ultimately induce the development of
epithelial-mesenchymal transition (EMT) [27] to play
a pro-tumor inflammatory action, promote the
formation of blood vessels and lymphatics, promote
the growth and metastasis of tumors, and suppress
the immune response [27-28]. Thirdly, high value of
monocytes/TAMs can promote solid tumor progres-
sion and metastasis [29]. In short, LMR represents the
balance of lymphocyte and monocyte levels in OC. In
other words, it can represent the balance between the
anti-tumor immune reaction and the pro-tumor
inflammatory reaction. Low LMR represents the
decreased lymphocyte counts and the increased
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monocyte counts in blood and tumor stoma, results in
a weakened anti-tumor immune reaction and a strong
pro-tumor inflammatory reaction [30-31]. Thus, a low
LMR would be associated with favorable tumor
progression, which results in a poor prognosis.

On the other hand, similar to numerous studies
[7-9], our study proved that CA125 was associated
with the prognosis of OC. The probably mechanisms
are as follows: CA125 can reverse the suppressive
effect of Wnt pathway inhibition on cancer cell
migration [9], which results in a poor prognosis;
CA125 might play a broad role in humoral immune
suppression in cancers by direct binding to a subset of
tumor-targeting antibodies and blockade of their
immune-effector function[32]; and cancer-derived
serum CA125 possesses a unique and distinctive
postprandial pattern; thus, postprandial increase in
serum CAI125 is a surrogate biomarker for early
prognostic assessment of OC [9]. However, as
reported by Shen Y [7], the specificity of CA125 as a
prognostic factor was relatively low. Therefore, we
recommended the combination of CA125 and LMR
(COLC). Our results showed that the AUC and
specificity of COLC were higher than that of LMR or
CA125 to predict the mortality in OC; thus, implying
that COLC might improve the accuracy in predicting
the outcome. As a new biomarker, we infer that COLC
might reflect the balance of the anti-tumor immune
reaction and the pro-tumor inflammatory reaction,
play a role in immune surveillance, and provide novel
approaches and strategies for prognosis evaluation of
OC.

To our knowledge, our study is the first attempt
to evaluate the role of COLC in OC patients.
Nevertheless, it showed that the AUC of LMR was
higher than that of CA125. The following factors may
have influenced the survival results. Firstly, the study
was a retrospective, single-center research institute
with a relatively small sample size, but we plan to
enroll more OC patients in the validation for more
definite results through multi-center, randomized
research institutes. Secondly, LMR is a non-specific
inflammatory marker, which is affected by patients
with inflammation, immune system diseases, and
combined with other tumors. However, in this study,
we allowed a short time interval for blood collection
to exclude any possible treatment or drug interference
in the results. Another limitation of this study was the
inevitable error in measurement and selection.
However, we strictly followed the standards and
regulations, and we verified the questionable
experimental data if necessary.
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