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Objective

To investigate the prognostic significance of preoperative lymphocyte-monocyte ratio (LMR) in elderly patients with
advanced epithelial ovarian cancer (EOC) receiving primary cytoreductive surgery and adjuvant platinum-based
chemotherapy.

Methods

A total of 42 elderly patients (>65 years) diagnosed with EOC who are receiving primary cytoreductive surgery and
adjuvant platinum-based chemotherapy from 2009 to 2012 was included. LMR was calculated from complete blood
cell count sampled before operation. Receiver operating characteristic (ROC) curves were used to calculate optimal
cut-off values for LMR. Prognostic significance with respect to overall survival (OS) and progression-free survival (PFS)
were determined using log-rank test and Cox regression analysis.

Results

The optimized LMR cut-off value determined by ROC curve analysis was 3.63 for PFS and OS. The high LMR group (LMR >3.63)
was found to be significantly more associated with optimal debulking (P=0.045) and platinum response (P=0.018) than the
low LMR group. In addition, Kaplan-Meier analysis revealed the LMR-high group was significantly more associated with high
PFS and OS rates (P=0.023 and P=0.033, respectively), and univariate analysis revealed that a high LMR, histology type, and
optimal debulking and platinum responses were significantly associated with prolonged PFS and OS. However, subsequent Cox
multivariate analysis showed only optimal debulking and platinum response were independent prognostic factors of PFS or OS.

Conclusion
This study suggests that LMR might be associated with treatment and survival outcomes in elderly patients with EOC
receiving standard oncology treatment.
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ers are required that accurately predict prognosis in elderly
patients with EOC.

Accumulating evidence indicates inflammation plays criti-
cal roles in the initiation and progression of various cancers.
Several prognostic indicators from peripheral blood have been
widely investigated as potentially useful prognostic markers
in different cancers. Of these potentially useful predictors,
neutrophil-to-lymphocyte ratio (NLR), the ratio of absolute
neutrophil count to absolute lymphocyte count (ALC), has
been shown to be associated with poorer pathologic features,
such as, an advanced tumor stage, poor progression-free sur-
vival (PFS), and poor overall survival (OS) in ovarian cancer [6,7].
Furthermore, elevated preoperative platelet-to-lymphocyte
ratio (PLR), that is, the ratio between platelet count and ALC,
has been demonstrated to be associated with advanced stage
and decreased survival in ovarian carcinoma [8,9]. Preopera-
tive lymphocyte-monocyte ratio (LMR) is another valuable pre-
dictor of survival in patients with solid tumors of, for example,
the head and neck, breast, lung, and cervix [10-13].

The prognostic and predictive values of several preopera-
tive hematologic parameters have been investigated in EOC,
but evidence regarding the use of LMR as a predictor of out-
come in elderly patients with EOC is lacking. Therefore, the
aim of the current study was to determine the prognostic
significance of preoperative LMR in elderly patients with EOC

PFS
1.0
oo
- —
0.8 e
=
0.6 e
b pmmmd
= i
z
R
0.4 .
]
024 i
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

receiving standard oncology treatment.

Materials and methods

The archived medical records of 42 elderly patients (>65 years)
that underwent primary staging operation and received at
least 3 courses of adjuvant platinum-based chemotherapy for
EOC between April 2009 and June 2012 were retrospectively
investigated. Clinical, pathological, and preoperative complete
blood count variables were subjected to analysis. None of the
patients received neoadjuvant chemotherapy. Histological di-
agnoses were based on the World Health Organization crite-
ria, and all microscope slides were reviewed by 2 experienced
gynecologic pathologists. Clinicopathologic characteristics
including age, performance status, the International Federa-
tion of Gynecology and Obstetrics (FIGO) stage, tumor grade,
preoperative cancer antigen 125 (CA-125) level, presence of
ascites, surgical outcome, and platinum response were col-
lected (Table 1). The study was approved by the Institutional
Review Board (IRB) of Pusan National University Hospital (E-
2016087).

LMR was defined as the ratio of ALC and absolute mono-
cyte count (AMC). Preoperative blood samples were drawn 1
to 2 weeks prior to surgery. Receiver operating characteristic
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Fig. 1. Receiver operating characteristic curve analyses showing cut-off points of lymphocyte-monocyte ratio for progression-free survival
(PFS) and overall survival (OS) analyses among patients older than 65 years of age with advanced-stage serous epithelial ovarian cancer.
The area under the curve for PFS was 0.696 (95% confidence interval [Cl], 0.536 to 0.856; P=0.031) and for OS was 0.711 (95% Cl, 0.555

to 0.868; P=0.025).
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(ROC) curve analysis was used to obtain optimal LMR cut-off
values for predicting survival outcomes. The optimal LMR was
3.63, and this value was used as the cut-off for the allocations
to LMR-low and LMR-high groups (Fig. 1). The impacts of in-
tergroup LMR differences were evaluated for PFS and OS. The
¥ test was used to analyze differences in proportions, and
the differences in survival rates between positive and nega-
tive groups were analyzed by means of log-rank test and Cox
regression analysis. Data were analyzed using Statistical Pack-
age for the Social Science (SPSS) statistical software, version
18.0 (SPSS Inc., Chicago, IL, USA). All presented P-values were
2-sided, and statistical significance was considered at P<0.05.

Results

Patient baseline characteristics are presented in Table 1. Me-
dian patient age was 70 years (range 65 to 85), and 40.5%
were older than 70 years. Serous adenocarcinoma was the
most common subtype (78.6%), and 83.3% of patients had
a histologic grade of 2 or 3. All patients had an advanced
disease stage (lll to IV), at initial diagnosis 35 (83.3%) were
of stage Il and 3 (16.7%) were of IV. Optimal debulking was
performed in 30 (71.4%) patients. All 42 patients received at
least 3 courses of platinum-based adjuvant chemotherapy af-
ter primary surgery, and seven (16.7%) received more than 7
courses. At 6-month postoperative follow-ups after complet-
ing platinum-based chemotherapy, 14 (33.3%) patients were
classified as platinum resistant and 28 (66.7%) as platinum
sensitive.

Regarding the stratification of patients according to the
LMR, 29 (69.0%) patients were allocated to the low LMR
group and 13 (31.0%) to the high LMR group (Table 2). The
2 groups differed significantly in terms of optimal debulking
(P=0.045) and platinum response (P=0.018).

According to Kaplan-Meier analysis, median PFS and OS
for all 42 patients were 42.5 and 68.4 months, respectively.
Patients in the high LMR group experienced significant more
improvement in PFS (55.2 vs. 33.7 months, P=0.023) and OS
(70.0 vs. 59.0 months, P=0.033) than patients in the low LMR
group (Fig. 2).

Age, Eastern Cooperative Oncology Group performance sta-
tus, clinical stage, histology type, tumor grade, CA-125, op-
timal debulking, cycles of chemotherapy, platinum response,
and LMR were included in both univariate and multivariate
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Table 1. Clinicopathologic characteristics of epithelial ovarian
cancer

Characteristics No. of patients (%)

Age (yn)

<70 25 (59.5)

>70 17 (40.5)
Performance status (ECOG)

<2 27 (64.3)

>2 15 (35.7)
Clinical stage (FIGO)

1l 35(83.3)

\Y 7(16.7)
Histology type

Serous 33(78.6)

Non-serous 9(21.4
Tumor grade

1 7(16.7)

2/3 35(83.3)
CA-125 (unit/mL)

<417 21(50.0)

>417 21 (50.0
Optimal debulking

Yes 30(71.4)

No 12 (28.6)
Cycles of chemotherapy

<6 35(83.3)

>6 7(16.7)
Platinum response

Sensitive 28 (66.7)

Resistant 14 (33.3)

ECOG, Eastern Cooperative Oncology Group; FIGO, The Inter-
national Federation of Gynecology and Obstetrics; CA-125, cancer
antigen 125.

analyses. Univariate analysis showed histology type, optimal
debulking and platinum response were significantly associ-
ated with PFS and OS (all P<0.01), and that LMR was also
significantly associated with PFS (P=0.032) and OS (P=0.045).
Cox multivariate analysis showed only optimal debulking (PFS,
P=0.040; OS, P=0.001) and platinum response (PFS, P=0.001;
0S, P=0.003) independently predicted PFS and OS (Tables 3
and 4).
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Table 2. Clinical and pathologic characteristics according to the lymphocyte-monocyte ratio (LMR) in epithelial ovarian cancer

Characteristics LMR-low (<3.63) LMR-high (23.63) P-value

Total 29 (69.0) 13(31.0) -

Age (yr) 0.616
<70 18 (62.1) (53.8
>70 11(37.9) 6 (46.2

Performance status (ECOG) 0.804
<2 19 (65.5) 8(61.5
>2 10 (34.5) 5(38.5)

Clinical stage (FIGO) 0.881
Il 24 (82.8) 11(84.6
Y 5(17.2) 2(15.4)

Histology type 0.146
Serous 21(72.4) 12 (92.3)
Non-serous 8(27.6) 1(7.7)

Tumor grade 0.455
1 4(13.8) 3(23.1)
2/3 25 (86.2) 10 (76.9)

CA-125 (unit/mL) 0.113
<417 13 (44.8) (61.
>417 16 (55.2) 5(38.5)

Optimal debulking 0.045
Yes 18 (62.1) 12(92.3)
No 11(37.9) 1(7.7)

Cycles of chemotherapy 0.881
<6 24(82.8) 11(84.6
>6 5(17.2) 2(15.4

Platinum response 0.018
Sensitive 16 (55.2) 12(92.3)
Resistant 13 (44.8) 1(7.7)

Values are presented as number (%).

ECOG, Eastern Cooperative Oncology Group; FIGO, The International Federation of Gynecology and Obstetrics; CA-125, cancer antigen 125.

Discussion

EOC is the most lethal gynecologic cancer and a major cause
of cancer-related death in women worldwide [1]. This high
mortality is mainly due to difficulties associated with early
diagnosis and the development of resistance to chemothera-
peutic agents and subsequent recurrence. Factors known
to influence treatment outcomes in EOC include age, race,
FIGO stage, tumor marker, histologic type, tumor grade, and
residual tumor after surgery [14]. Age is an important risk fac-
tor in the development of ovarian cancer, and for this reason,

www.ogscience.org

elderly patients comprise a large proportion of ovarian cancer
cases at diagnosis. Several authors have suggested elderly
patients have poorer prognoses [15,16], but as yet no defini-
tive evaluation has been conducted on the impacts of biologic
and therapeutic features on the relation between survival and
age. In order to evaluate the prognostic significance of LMR
in elderly ovarian patients, we retrospectively investigated 42
elderly (>65 years) patients of median age 70 years (range 65
to 85), 17 (40.5%) of whom were older than 70. Although
the number of patients included in the present study was rel-
atively small, all patients had advanced stage (Il to IV) disease

561



Obstetrics & Gynecology Science
Vol. 60, No. 6, 2017

Table 3. Relationship of cancer- and host-related characteristics with progression-free survival in epithelial ovarian cancer

Univariate

Multivariate

Characteristics

HR (95% ClI) P-value HR (95% ClI) P-value
Age (yr) (=70 vs. <70) 1.131(0.328 to 3.898) 0.845 - -
Performance status (ECOG) (=2 vs. <2) 1.393 (0.387 to 5.007) 0.621 - -
Clinical stage (FIGO) (IV vs. IIl) 2.361(0.403 to 13.844) 0.152 - -
Histology type (non-serous vs. serous) 2.593 (0.803 to 9.844) 0.008 0.992 (0.283 to 3.477) 0.990
Tumor grade (2/3 vs.1) 1.778 (0.345 t0 9.163) 0.216 - -
CA-125 (unit/mL) (>417 vs. <417) 1.312 (0.359 to 4.092) 0.490 - -
Optimal debulking (no vs. yes) 3.302 (1.089 to 10.460) < 0.001 2.284(1.058 t0 8.197) 0.040
Cycles of chemotherapy (<6 vs. >6) 1.212 (0.359 to 4.092) 0.757 - -
Platinum response (resistant vs. sensitive) 6.797 (2.073 t0 21.626) < 0.001 4.814 (1.435 to 18.505) 0.001
LMR (<3.63 vs. >3.63) 2.331(1.110 to 8.997) 0.032 1.333(0.365 to 4.860) 0.664

HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; FIGO, The International Federation of Gynecology
and Obstetrics; CA-125, cancer antigen 125; LMR, lymphocyte-monocyte ratio.

Table 4. Relationship of cancer- and host-related characteristics with overall survival in epithelial ovarian cancer

Univariate

Multivariate

Characteristics

HR (95% CI) P-value HR (95% ClI) P-value
Age (yr) (=70 vs. <70) 3.100(1.010 t0 9.513) 0.048 2.587(0.984 to 5.786) 0.161
Performance status (ECOG) (>2 vs. <2) 1.348 (0.465 to 3.905) 0.465 - -
Clinical stage (FIGO) (IV vs. Ill) 1.954 (0.527 t0 7.252) 0.317 - -
Histology type (non-serous vs. serous) 3.443(1.100 to 10.767) 0.001 0.312 (0.064 to 1.531) 0.151
Tumor grade (2/3 vs.1) 1.928 (0.451 to 3.426) 0.911 - -
CA-125 (unit/mL) (=417 vs. <417) 1.635 (0.534 to 5.006) 0.490 - -
Optimal debulking (no vs. yes) 7.441 (3.433 t0 15.131) <0.001 4.949 (2.521 t0 11.882) 0.001
Cycles of chemotherapy (<6 vs. >6) 0.970 (0.215 to 3.381) 0.969 - -
Platinum response (resistant vs. sensitive) 6.335(2.715 to 14.803) <0.001 9.737 (4.421 t0 31.384) 0.003
LMR (<3.63 vs. >3.63) 1.700 (0.569 to 4.664) 0.045 0.334(0.180 to 5.082) 0.459

HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; FIGO, The International Federation of Gynecology
and Obstetrics; CA-125, cancer antigen 125; LMR, lymphocyte-monocyte ratio.

and received at least 3 courses of platinum-based adjuvant
chemotherapy after primary staging surgery.

Inflammation is considered a hallmark of cancer, and tumor-
associated inflammatory microenvironments are widely re-
garded to facilitate tumor growth and metastasis. Previous
studies have reported hematological markers of systemic
inflammation response, such as, NLR, PLR, and LMR, might
serve as independent prognostic markers of survival in various
cancers. Of these 3 parameters, LMR has been suggested to
be associated with survival in malignant lymphoma [17] and
in numerous solid tumors [10-13].

Lymphocytes represent host anti-tumor immune response,
inducing cytotoxic cell death, suppressing tumor cell prolif-
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eration and migration, and inhibiting cancer dissemination
[18]. Monocytes are another type of leucocyte and it has
been shown peripheral blood monocyte number is negatively
associated with prognosis for different cancer types, which
suggests monocytes might independently predict prognoses
[19]. Thus, elevated peripheral blood LMR predicts a favorable
prognosis in cancer patients. In a previous study, we assessed
the prognostic value of LMR in a cohort of 234 EOC patients
that underwent surgical resection, and found an elevated
LMR was strongly correlated with age, serum CA-125 level,
FIGO stage, and the presence of malignant ascites, and that
the 5-year PFS and OS rates were better for those with an el-
evated LMR (PFS, 62.5% vs. 40.0%; P<0.001 and OS, 67.2%

www.ogscience.org



Obstetrics & Gynecology Science

Byung Su Kwon, et al. The prognostic significance of LMR

PFS

1.0

0.8
=
=
= 0.6
_{% - -_——
s kS
o
o 1
= 041 SRR
=
=
=1 =
%) i

o " LMR-low (< 3.63)

“1 — LMR-high (>3.63)
P=0.023
0.0

Time (months)

0S
1.04
0.8+
S !
> 4
= 0.6 s
Qo
3
[S)
o
< 0.44
2
>
5 -
v - 1 S ——————"
0.2 - LMR-low (< 3.63)
“1 — LMR-high (>3.63)
P=0.033
0.0
0 20 40 60 80 100 120
Time (months)

Fig. 2. Progression-free survival (PFS) and overall survival (OS) analysis according to the lymphocyte-monocyte ratio (LMR) in epithelial

ovarian cancer.

vs. 42.2%; P<0.001, respectively) [20]. In a previous multivari-
ate analysis, elevated LMR was found to be strongly correlat-
ed with longer survival and to be an independent prognostic
factor of survival in EOC patients [8]. Moreover, the present
study shows elderly patients in the high LMR group had sig-
nificantly better PFS (55.2 vs. 33.7 months, P=0.023) and OS
(70.0 vs. 59.0 months, P=0.033) than patients in the low LMR
group (Fig. 2).

Recent studies demonstrated elderly patients that receive
optimal oncologic management have better PFS and OS than
those receiving sub-optimal management (median PFS, 18
vs. 11 months; P=0.05 and median OS, 31 vs. 20 months;
P<0.001, respectively) [21,22]. The fear of increasing com-
plication rates and the absence of validated selection criteria
for treatment decision making in elderly patients are major
concerns. In the present study, a high LMR was found to be
significantly associated with optimal cytoreduction (92.3% vs.
62.1%, P=0.045) and platinum response (92.3% vs. 55.2%,
P=0.018). Furthermore, we found preoperative LMR might
predict treatment outcomes in elderly patients with advanced
EOC undergoing cytoreductive surgery and adjuvant plati-
num-based chemotherapy. This study had some limitations
that should be addressed, including its retrospective nature
and the relatively small number of patients. Further large-scale
studies are needed to clarify the prognostic value of preopera-
tive LMR in elderly patients with advanced EOC.

In conclusion, this study is first study to assess the prognos-
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tic value of LMR in elderly patients with advanced EOC receiv-
ing standard oncology treatment based on LMR. Our results
suggest the high LMR is predictive of optimal cytoreduction
and sensitive platinum response and longer PFS and OS.
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