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Abstract The aim of the present study was to determine the
most meaningful preoperative prognostic factor of cancer-
related death in ovarian cancer patients by comparing poten-
tially prognostic systemic inflammatory response (SIR)
markers. The levels of fibrinogen, albumin, C-reactive protein
(CRP), and serum cancer antigen-125 (CA-125) and the
neutrophil/lymphocyte ratio (NLR) and platelet/lymphocyte
ratio (PLR) were evaluated in 190 ovarian cancer patients to
identify predictors of overall survival (OS) and progression-
free survival (PFS) using univariate and multivariate analyses.
Patients with a PLR >203 had a shorter PFS and OS than the
patients in PLR <203 group (11 vs. 24 months and 28 vs.
64 months). Univariate analyses revealed that tumor stage,
postoperative residual tumor mass, ascites, and the levels of
all SIR markers were associated with PFS and OS.
Multivariate analysis revealed that PLR was independently
associated with PFS (hazard ratio [HR] 1.852, 95 % confi-
dence interval [CI] 1.271-2.697, P=0.001) and OS (HR
2.158, 95 %CI 1.468-3.171, P<0.001), as well as tumor stage
and postoperative residual tumor mass. In contrast, fibrinogen
remained significant only for PFS (HR 1.724, 95 %CI 1.197—
2.482, P=0.003). Patients with a PLR >203 were more prone
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to have advanced tumor stage (P=0.002), postoperative resid-
ual tumor mass >2 cm (P=0.032), malignant ascites
(P<0.001), and all the other elevated SIR markers
(P<0.001). Preoperative PLR is superior to other SIR markers
(CA-125, NLR, fibrinogen, CRP, and albumin) as a predictor
of survival in ovarian cancer patients.
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Introduction

Ovarian cancer is the primary cause of death in females
with gynecological malignancies worldwide, due to late
detection, tumor heterogeneity, and a high rate of metas-
tasis [1]. It is estimated that there will be ~21,980 new
cases and 14,270 deaths due to ovarian cancer in the USA
in 2014 [2]. Primary cytoreductive surgery followed by
adjuvant chemotherapy, if required, remains the standard
treatment for ovarian cancer patients. However, the sur-
vival rate varies considerably in individuals with the same
pathological stage and treatment. These survival differ-
ences might be caused by host-related factors, such as
systemic inflammatory response (SIR) markers. Over the
last 10 years, laboratory SIR markers such as hypoalbu-
minemia, hyperfibrinogenemia, C-reactive protein (CRP),
absolute white blood cell count, neutrophil/lymphocyte
ratio (NLR), and platelet/lymphocyte ratio (PLR) have
been investigated as prognostic factors in patients with
various types of cancer [3-8].

In recent years, chronic inflammation was identified as a
key factor in the pathogenesis of ovarian cancer [9].
Furthermore, ovulation itself is a potentially inflammatory
and mutagenic process [10]. Inflammation influences all
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stages of cancer formation, including initiation, promotion,
and progression [9]. Various inflammatory mediators are in-
duced by inflammatory or tumor cells, and they then partici-
pate in cancer formation by acting as growth or angiogenic
factors. In addition, immune function is compromised by SIR
mediators, which then increases the levels of leukocytes, neu-
trophils, platelets, CRP, and fibrinogen and also decreases
lymphocyte concentrations. Although the number of circulat-
ing platelets can be significantly increased by cancer-induced
thrombocytosis, the mechanisms responsible remained poorly
understood until recently [11]. A multicenter study involving
619 ovarian cancer patients not only found that
thrombocytosis was significantly associated with the poor
prognosis and survival of the patients, but also discovered that
inflammatory cytokines interleukin-6 (IL-6) can influence
thrombocytosis in ovarian cancer by stimulating hepatic
thrombopoietin synthesis and paraneoplastic induction of
thrombocytosis in mouse models of ovarian cancer [12]. So,
it is easy to think that use of anti-IL-6 antibody to halve plate-
let counts can significantly inhibit the tumor growth.
Fortunately, all these have been confirmed in tumor-bearing
mice and ovarian cancer patients by Stone and his colleagues
[12].

To better estimate the survival of ovarian cancer patients,
many laboratory SIR markers such as serum cancer antigen-
125 (CA-125) [13], albumin [14], CRP [15], NLR [16], PLR
[17], and fibrinogen [ 18] have been investigated as prognostic
and predictive markers in patients with ovarian cancer.
However, the association between PLR and survival is con-
troversial. Some previous studies suggested that NLR is a
superior prognostic factor to PLR in cancer patients [19, 20].
Currently, there are no established preoperative markers, in-
cluding CA-125, which could predict cancer-related overall
survival (OS) in ovarian cancer patients. Therefore, it is inter-
esting that combining clinical preoperative systemic inflam-
matory markers and intrinsic tumor cell properties might yield
useful prognostic indictors for survival.

Materials and methods
Patients

Between January 2000 and December 2012, 190 patients were
enrolled in this study at Nanfang Hospital of Southern
Medical University (Guangzhou, Guangdong Province,
China). The ethics committee of Southern Medical
University approved the study protocol. The inclusion criteria
were new diagnosis and treatment with cytoreductive surgery
followed by platinum-based chemotherapy in our hospital.
The exclusion criteria included the presence of active infec-
tion, coexisting hematological malignancies, other hemato-
logical disorders, or autoimmune disorders.
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All ovarian cancer patients were followed up every 2—
4 months for the first 2 years and every 3—6 months thereafter
until December 2013. At each visit, the patients were assessed
by clinical, imaging examinations, and the serum level of CA-
125. The median follow-up time was 43 months (range 2—
164 months).

Clinicopathological data such as age, surgical International
Federation of Gynecologists and Obstetricians (FIGO) stage
(2010), the presence of ascites, postoperative residual tumor
mass, histological grade, and subtype were obtained. Optimal
surgery was defined as the size of each foci of residual disease
after surgery was <2 cm [21]. Data regarding the levels of
preoperative SIR markers, including serum albumin and
CRP (AUS800, Olympus, Japan), plasma fibrinogen (Sysmex
CA-1500, TOA Medical Electronics, Kobe, Japan), and com-
plete blood cell count (platelet, neutrophil, and lymphocyte
counts) (CELL-DYN3500, Abbott, Chicago, USA), as well
as serum CA-125 (ACS-A80, Bayer, Germany) were also
obtained. The NLR was defined as the absolute neutrophil
count divided by the absolute lymphocyte count, and the
PLR was defined as the absolute platelet count divided by
the absolute lymphocyte count. The normal reference range
for plasma fibrinogen levels was 2—4 g/L, and a plasma fibrin-
ogen level >4 g/L. was defined as hyperfibrinogenemia. A
serum albumin level <40 g/L was defined as hypoalbumin-
emia, and a serum CA-125 level >35 U/mL was used to diag-
nose ovarian cancer. A serum CRP level lower than 10 mg/L
was regarded as normal. The primary endpoint of the study
was progression-free survival (PFS), which was calculated
from the date of operation to the date of the first tumor recur-
rence. OS was defined as the time from operation to death or
the last follow-up.

Statistical analysis

Statistical analyses were performed using the SPSS 13.0 sta-
tistical software (SPSS, Chicago, IL, USA). Variables are pre-
sented as the means (standard deviation [SD]). A receiver
operating characteristic (ROC) curve was constructed to esti-
mate the optimal cutoff values for preoperative NLR and PLR.
The associations between preoperative PLR and clinicopath-
ological characteristics were evaluated using Pearson’s corre-
lation coefficient, unpaired ¢ tests, and one-way analysis of
variance, as appropriate. Univariate and multivariate Cox re-
gression models for PFS and OS were performed, comprising
tumor stage (stage I, 11, III, or IV), postoperative residual
tumor mass (<2 vs. >2 cm), histological grade (G1, G2, or
G3), histological subtype (serous, mucinous, clear cell,
endometrioid, mixed type, or adenocarcinoma/not otherwise
specified), ascites (yes or no), patient age (<50 vs. >50 years),
fibrinogen levels (<4 vs. >4 g/L), serum albumin levels (<40
vs. >40 g/L), CRP levels (<10 vs. >10 mg/L), CA-125 levels
(<35 vs.>35 U/mL), NLR (3.4 vs. >3.4), and PLR (<203 vs.
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>203). The differences in survival among groups were ana-
lyzed using Kaplan-Meier curves and log rank tests. P values
<0.05 were considered statistically significant.

Results
Patient characteristics

The mean patient age was 50.6+11.1 years (range 24—
76 years). The mean (SD) levels of albumin, fibrinogen,
CRP, NLR, and PLR were 37.54 g/L (5.26), 4.11 g/L (1.49),
28.72 mg/L (44.58), 3.87 (2.66), and 234.50 (140.037), re-
spectively. For the purpose of analysis, patients were then
separated into elevated and non-elevated subgroups according
to the NLR or PLR using the cutoff values derived from ROC
curves (NLR, 3.4; PLR, 203). The areas under the curve
(AUC) for NLR and PLR for OS were 0.650 (95 % confi-
dence interval (CI) 0.566-0.735) and 0.737 (95 %CI 0.548—
0.726), with a sensitivity (specificity) of 49.3 % (74.1 %) and
56 % (67 %), respectively. Patients were also divided into
subgroups for fibrinogen (<4 vs. >4 g/L), CRP (<10 vs.
>10 mg/L), and albumin (<40 vs. >40 g/L) according to the
upper limit levels of other SIR markers.

The relationship between preoperative PLR and the clini-
copathological characteristics of patients with ovarian cancer
is shown in Table 1. Patients with a PLR >203 were more
prone to have advanced tumor stage (P=0.032), postoperative
residual tumor >2 cm (P=0.002), massive ascites (P<0.001),
higher CA-125 (P<0.001), higher CRP (P<0.001),
hyperfibrinogenemia (P<0.001), hypoalbuminemia
(P<0.001), and an elevated NLR (P<0.001). But, there is
no statistic difference between high PLR and histological sub-
type or histological grade.

Prognostic factors

Univariate analyses revealed that tumor stage, postoperative
residual tumor mass, ascites, CA-125 levels, fibrinogen, albu-
min, CRP, NLR, and PLR were significantly associated with
both PFS and OS (Tables 2 and 3). Multivariate analysis dem-
onstrated that tumor stage (hazard ratio (HR) 1.909, 95 %CI
1.414-2.579, P<0.001), postoperative residual tumor mass
(HR 2.486, 95 %CI 1.638-3.774, P<0.001), fibrinogen levels
(HR 1.724, 95 %CI 1.197-2.482, P=0.003), and PLR (HR
1.852, 95 %CI 1.271-2.697, P=0.001) were significantly as-
sociated with PFS (Table 2). Tumor stage (HR 2.161, 95 %CI
1.532-3.047, P<0.001), postoperative residual tumor mass
(HR 2.175, 95 %CI 1.406-3.365, P<0.001), and PLR (HR
2.158, 95 %CI 1.468-3.171, P<0.001) were also indepen-
dently and significantly associated with OS (Table 3).

When patients were grouped according to the optimal cut-
off for PLR determined using Kaplan-Meier survival analysis

(203), PFS (P<0.001) and OS (P<0.001) were significantly
shorter in patients with a PLR >203 compared with those with
a PLR <203 (Fig. 1a, b). The median PFS and OS in patients
with a PLR >203 were 11 and 28 months, respectively, com-
pared with 24 and 64 months in those with a PLR <203. In
both groups, patients with an optimal surgery had a longer
PFS and OS than the patients with a suboptimal surgery (16
vs. 8 months and 43 vs. 23 months, all P<0.001, respectively,
in the PLR >203 group and 30 vs. 16 months and 70 vs.
43 months, all P<0.001, respectively, in the PLR <203
group). In the optimal surgery group, the median PFS and
OS were shorter in patients with a PLR >203 than those with
aPLR <203 (8 vs. 16 months, P=0.003 and 43 vs. 70 months,
P=0.004, respectively). In the suboptimal surgery, the median
PFS and OS were shorter in patients with a PLR >203 than
those with a PLR <203 (16 vs. 30 months and 23 vs.
43 months, all P<0.001). It is the PFS (P=0.037) not the
OS (P=0.288) that is significantly shorter in patients who
had a PLR >203 and optimal surgery than the patients with
a PLR <203 and suboptimal surgery.

Discussion

The aim of the present study was to identify a clinically useful
prognostic factor among preoperative host factors and tumor
factors in ovarian cancer patients who underwent
cytoreductive surgery followed by platinum-based chemo-
therapy. This is the first study to show that PLR is a superior
independent prognostic factor compared with other SIR
markers in patients with ovarian cancer.

Since Virchow first described the presence of leukocytes in
neoplastic tissue in 1863 [22], increasing evidence has re-
vealed that many SIR markers, except for tumor-related fac-
tors, are associated with survival in patients with various can-
cers. SIR markers are host-related factors that are predomi-
nantly biochemical or hematological in nature, including
CA-125, albumin, CRP, white blood cell counts, neutrophils,
platelets, fibrinogen, and a combination thereof.
Consequently, many studies have attempted to identify an
independent SIR-related prognostic factor in various cancers.
However, few studies combined these potential prognostic
SIR markers to obtain an optimal prognostic factor that could
better guide individualized treatment strategies and predict
patient prognosis and survival. Therefore, we compared the
prognostic significance of the SIR markers that were reported
to be prognostic factors in ovarian cancer to determine the
most meaningful predictor of PFS and OS.

Consistent with previous studies, tumor stage and residual
tumor mass were the most significant predictors of patient
survival [23]. Unlike some previous reports [13, 14, 16, 18],
the current study demonstrated that CA-125, albumin, CRP,
fibrinogen, and NLR were not independent prognostic
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Table 1 Correlations between
preoperative PLR and
clinicopathological characteristics

indicators of survival in ovarian cancer patients. Petri et al.,
who studied serum CA-125 in 118 FIGO I ovarian cancer
patients, found that elevated levels of CA-125 were signifi-
cantly associated with shorter survival [13]. A multicenter

@ Springer

Variables PLR PLR <203 PLR >203 P value
Mean (SD) n (%) n (%)

Age (years) 0.301*
<50 224.49 (125.96) 52(53.6 %) 48 (51.6 %)
>50 245.61 (154.14) 45 (46.4 %) 45 (48.4 %)

Stage 0.032%*
FIGO 1 182.6 (134.41) 16 (16.5%) 6 (6.5 %)
FIGO 11 189.82 (97.20) 22.(22.7 %)  9(9.7 %)
FIGO 1II 254.28 (147.54) 55(56.7 %) 73 (78.5 %)
FIGO IV 234.50 (140.037) 4 (4.1 %) 5(5.4 %)

Postoperative residual tumor mass (cm) 0.002*
<2 204.69 (105.91) 65(67.7 %) 42 (45.7 %)
>2 273.87 (168.42) 31 (323 %) 50 (54.3 %)

Histological subtype 0.312%*
Serous 232.09 (146.60) 55(64.0 %) 46 (54.8 %)
Mucinous 206.43 (156.01) 8(9.3 %) 4 (4.8 %)
Clear cell 285.62 (179.75) 3(3.5 %) 4 (4.8 %)
Endometrioid 274.06 (165.43) 5 (5.8 %) 10 (11.9 %)
Adenocarcinoma, not otherwise specified ~ 216.70 (85.66) 14 (163 %) 28 (16.5 %)
Mixed type 330.40 (174.88) 1(1.2 %) 6 (7.1 %)

Histological grade 0.097**
Gl 219.44 (125.51) 36 (40.0 %)  28(32.2 %)
G2 213.20(95.97) 22(24.4 %)  22(25.3 %)
G3 263.91 (174.57) 32(35.6 %) 37 (42.5 %)

Ascites <0.001*
No 184.60 (108.17) 57(58.8 %)  25(27.2 %)
Yes 271.64 (150.25) 40 (41.2 %) 67 (72.8 %)

CA-125 (U/mL) <0.001*
<35 123.59 (51.78) 16 (20.0 %) 1 (1.3 %)
>35 251.54 (147.45) 64 (80.0 %) 79 (98.8 %)

Albumin (g/L) <0.001*
<40 260.92 (150.22) 50 (52.1 %) 77 (83.7 %)
>40 179.62 (98.56) 46 (479 %)  15(16.3 %)

Fibrinogen (g/L) <0.001*
<4 183.99 (97.17) 69 (71.1 %)  31(33.7 %)
>4 290.13 (159.22) 28(28.9 %) 61 (66.3 %)

NLR <0.001*
<34 168.01 (70.20) 84 (86.6 %)  25(26.9 %)
>34 323.96 (159.84) 13(13.4 %) 68 (73.1 %)

CRP (mg/L) <0.001
<10 197.02 (117.71) 67 (69.1 %) 29 (31.2 %)
>10 272.77 (150.90) 30(30.9 %) 64 (68.8 %)

CA cancer antigen, FIGO International Federation of Gynecologists and Obstetricians, G grade, SD standard
deviation, NLR neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio

*1 test; **one-way analysis of variance; p<0.05 is considered to be statistically significant

study by Polterauer et al. determined that pretherapeutic
hyperfibrinogenemia was associated with shorter survival in
422 patients with epithelial ovarian cancer [18]. Hefler et al.
[15] also demonstrated that CRP was a novel and an
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Table 2 Result of the
univariate and Variables Univariate Multivariate
multivariate analysis of
progression-free survival HR 95 %CI Pvalue HR 95 %CI P value
in ovarian cancer patients
Age (years) (<50 versus >50) 0.935  0.690-1.266 0.662
Stage (FIGO) (VII/II/IV) 2.648  2.062-3.400  <0.001 1.909 14142579  <0.001
Histological grade (G1/G2/G3) 1.121  0.933-1.348 0.222
Histological subtype 1.060  0.960-1.172 0.249
Postoperative residual tumor mass (cm) 3517 24954958  <0.001 2.486 1.638-3.774  <0.001
(<2 versus >2)
Ascites (yes versus no) 2.156  1.565-2.969  <0.001 - - -
CA-125 (U/mL) (<35 versus >35) 2710 1.405-5.225 0.003 - - -
Albumin (g/L) (<40 versus >40) 0.542  0.386-0.762  <0.001 - - -
Fibrinogen (g/L) (<4 versus >4) 2205 1.614-3.013  <0.001 1.724  1.197-2.482  0.003
C-reactive protein (<10 versus >10 mg/L) 1.490 1.096-2.027 0.011 - - -
PLR (<203 versus >203) 2224 1.626-3.042  <0.001 1.852  1.271-2.697  0.001
NLR (<3.4 versus >3.4) 2012 14762741  <0.001 - - -

<0.05 is considered to be statistically significant

CA cancer antigen, CI confidence interval, FIGO International Federation of Gynecologists and Obstetricians, G grade,
HR hazard ratio, NLR neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio

independent prognostic variable in ovarian cancer. In addition,
Asher et al. showed that both preoperative serum albumin and
PLR were independent prognostic factors in 235 ovarian can-
cer patients [14, 17]. Although Asher et al. [17] and
Raungkaewmanee et al. [24] both reported that PLR was an
independent prognostic factor in patients with ovarian cancer,
they did not assess the combination of PLR with other prog-
nostic markers such as ascites, CA-125, fibrinogen, CRP, and
albumin. Nevertheless, the prognostic value of PLR in cancer
is controversial. Some previous studies demonstrated that
NLR was a superior independent predictor of survival, as

compared to PLR in various cancers [25-28]. Thus, we con-
ducted the current study to determine whether preoperative
PLR was the most meaningful SIR marker to predict the sur-
vival of ovarian cancer patients.

PLR is a reproducible, inexpensive, and widely available
laboratory hematological marker that was suggested recently
to be a marker of thrombotic and inflammatory conditions,
mainly in patients with malignancies [29, 30]. Preoperative
thrombocytosis was an unfavorable predictor of survival in
ovarian cancer patients [31]. The activation and aggregation
of platelets occur in response to the release of inflammatory

Table 3 Result of the
univariate and
multivariate analysis of
overall survival in

ovarian cancer patients

Variables Univariate Multivariate

HR 95 %CI P-value HR 95 %ClI P value
Age (years) (<50 versus >50) 0.840  0.598-1.178 0.311
Stage (FIGO) (I/1I/ III/IV) 4255  2.693-6.722  <0.001 2.161  1.532-3.047  <0.001
Histological grade (G1/G2/G3) 1.189  0.963-1.470 0.108
Histological subtype 1.102  0.989-1.229 0.080
Postoperative residual tumor mass (cm) 3515 2416-5.113  <0.001 2.175  1.406-3.365 <0.001

(<2 versus >2)

Ascites (yes versus no) 2339  1.629-3.358  <0.001 - - -
CA-125 (U/mL) (<35 versus >35) 2.831 1.313-6.106 0.008 - - -
Albumin (g/L) (<40 versus >40) 0430  0.290-0.637  <0.001 - - -
Fibrinogen (g/L) (<4 versus >4) 2303  1.634-3246  <0.001 - - -
C-reactive protein (mg/L) (<10 versus >10) 1435  1.023-2.013 0.036 - - -
PLR (<203 versus >203) 2490  1.758-3.527  <0.001 2.158  1.468-3.171  <0.001
NLR (<3.4 versus >3.4) 2.172  1.545-3.054  <0.001 - - -

p<0.05 is considered to be statistically significant

CA cancer antigen, CI confidence interval, F/GO International Federation of Gynecologists and Obstetricians, G grade,
HR hazard ratio, NLR neutrophil/lymphocyte ratio, PLR platelet/lymphocyte ratio
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Fig. 1 Kaplan-Meier survival curves showing progression-free survival (a) and overall survival (b) by platelet/lymphocyte ratio. P values were

determined using the log-rank test

cytokines and ADP from tumor cells [32, 33]. Thrombocytosis
not only promotes tumor cell invasion and metastasis [33] but
could also reflect a state of systemic inflammation [32].

Stone et al. [12] also demonstrated that anti-IL-6 antibody
treatment can suppress the tumor growth by decreasing the
platelet counts in ovarian cancer patients. Since Riesco report-
ed that peripheral lymphocytes were positively associated
with the “curability” of a variety of cancers [34], many studies
have suggested that lymphocytes are predictors of survival in
ovarian cancer patients [35, 36]. T lymphocytes form the ma-
jor component of the cellular immune response and are essen-
tial for anti-tumor immunity [37]. Lymphopenia also corre-
lates strongly with increased serum levels of IL-6, as well as
the TNF receptor in soft tissue sarcomas [38]. In addition to
inflammatory cytokines, the secretion of vascular endothelial
growth factor (VEGF) from ovarian cancer cells could inhibit
T cell development [39, 40]. In the present study, Kaplan-
Meier analysis and log-rank tests determined that patients with
a PLR >203 had a shorter PFS and OS compared with those
with a PLR <203. In addition, a PLR >203 was not only
associated with other SIR markers (CA-125, fibrinogen,
albumin, and NLR) but was also related to tumor biological
characteristics such as advanced tumor stage. Furthermore, the
outcomes in the suboptimal surgery group were shorter in
patients with a PLR >203 than PLR <203. So, if we combine
the chemotherapy and anti-IL-6 antibody in such patients who
have a suboptimal surgery and a PLR <203, it can significant-
ly prolong the survival. These results suggest that PLR should
be included in the routine assessment of patients with ovarian
cancer.

This study has some limitations. First, it was a retrospective
study based in a single institution. Second, all of the included
patients underwent cytoreductive surgery followed by
platinum-based chemotherapy. In addition, the patient sample
size was relatively small. Thus, additional studies are needed
to reach an international consensus and determine the prog-
nostic value of PLR in combination with different morpholog-
ical and biological parameters in patients with ovarian cancer.
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In conclusion, this study demonstrates that the SIR marker
PLR is an independent prognostic factor in patients with ovar-
ian cancer.
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