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Inflammation contributes to development and progression in a variety of cancers,
including cervical cancer. We developed a novel cervical cancer systemic inflammation
score (CCSIS) based on the preoperative platelet-to-lymphocyte ratio (PLR) and
serum albumin levels. A retrospective analysis of clinical data from 795 patients
with operable cervical cancer was then conducted to investigate the prognostic
value of CCSIS and its association with the patients’ clinicopathological features,
overall survival (0S), and disease-free survival (DFS). CCSIS was predictive of OS
and DFS. High CCSIS was correlated with more advanced FIGO stages, poor tumor
differentiation, and the presence of PLN and LVSI. Both albumin levels and the PLR
were independent prognostic indicators for operable cervical cancer. The use of the
CCSIS could improve risk stratification and traditional clinicopathological analysis in

cervical cancer.

INTRODUCTION

Emerging evidence suggests that inflammation
plays a key role in the initiation and progression of
various cancers, including cervical cancer. Cancer-related
inflammation can influence tumor cell proliferation,
invasion, metastasis, cell survival, and angiogenesis [1, 2].
Accordingly, inflammation-based prognostic indicators,
such as the modified Glasgow Prognostic Score (mGPS)
[3, 4], platelet to lymphocyte ratio (PLR) [5, 6], neutrophil
to lymphocyte ratio (NLR) [5-7], albumin, and C-reactive
protein (CRP) [8, 9] are prognostic factors for cervical
cancer as well as other cancers. These cost-effective
biomarkers are used routinely in clinical settings and
could be used to provide information regarding patient
outcomes. However, there are few studies investigating
the value of these biomarkers as independent indicators in
cervical cancer. Additionally, to the best of our knowledge,
integration of individual biomarkers to enhance the
outcome prediction for cervical cancer has not yet been
studied.

In this study, the prognostic values of PLR
and albumin were investigated. We also developed a
novel prognostic score, the cervical cancer systemic
inflammation score (CCSIS), based on preoperative
serum albumin levels and PLR. The correlation between
CCSIS and clinicopathological parameters and the
prognostic value of CCSIS in cervical cancer patients were
investigated.

RESULTS

Patient characteristics

795 patients with clinically and histologically
confirmed cervical cancer were included in the present
analysis. These patients were diagnosed at a mean age of
49.5 + 10.7 years, with a mean follow-up period of 62.3
+ 26.7 months. By the last follow-up, 123 patients had
relapsed, and 98 patients had died. 105 (13.1%) of these
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cases were FIGO stage 1A, 358 (44.9%) were IB, and the
remaining 332 (42.0%) were I1A.

Prognostic significance of variables and cutoff
value determination

Cox proportional hazard models were used to
identify associations between biomarkers and OS and
DFS in the study population. As shown in Table 1, PLR
and serum albumin were significant predictors of OS (p =
0.007 and p = 0.001, respectively), DFS (p = 0.004 and p
=0.001, respectively), FIGO stage, tumor differentiation,
PLN, and LVSI (p < 0.05 for all) in cervical cancer
patients, but not of NLR, age at diagnosis, parturition
number, or histological subtype (p > 0.05 for all). In
addition, LMR was an independent predictor of DFS (p =
0.037), but not OS (p = 0.063).

A multivariate Cox proportional hazard analysis was
used to evaluate the independent prognostic factors for OS
and DFS. Both PLR and serum albumin were independent
prognostic factors for OS (hazard ratio [HR] 1.547, 95%
CI 1.028 to 2.328, p =0.036; HR 0.619, 95% CI1 0.412 to
0.930, p = 0.021, respectively) and DFS (HR 1.563, 95%
CI 1.087 to 2.245, p = 0.016; HR 0.680, 95% CI 0.473 to
0.979, p = 0.038, respectively) (Tables 2 and 3).

According to the ROC curves, the best cutoff
values for NLR, PLR, LMR, and albumin corresponding
to maximum joint sensitivity and specificity were 2.77,
128.3, 2.41 and 43.65 g/L, respectively.

Survival analysis of patients stratified according
to cutoff values

The large patient cohort was divided into high- and
low-PLR (< 128.3 vs. > 128.3) and albumin ( <43.65g/L
vs. > 43.65g/L) groups using the cut-off values. Kaplan-
Meier survival curves demonstrated that increased PLR
and decreased serum albumin were associated with shorter
OS (p = 0.006 and p = 0.001, respectively) and DFS (p =
0.003 and p = 0.001, respectively) (Figures 1, 2, 3, and
4). Cumulative 3- and 5-year OS (94.2% and 92.3%) and
DFS (91.8% and 89.4%) rates in the low-PLR group were
higher than OS (87.9% and 85.6%) and DFS (82.1% and
81.0%) rates in the high-PLR group (OS p = 0.002 and
p = 0.003, respectively; DFS p < 0.001 and p = 0.001,
respectively). Patients with low albumin had shorter
3- and 5-year OS (91.8% and 89.4%) and DFS (82.1%
and 80.6%) than the high albumin group (OS 93.5% and
91.8%, p = 0.005 and p = 0.004, respectively; DFS 90.5%
and 88.7%, p = 0.001 and p = 0.002, respectively).
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Figure 1: Kaplan-Meier survival curves showing the relationship between overall survival (OS) in cervical cancer

patients and preoperative PLR. Patients were stratified into high and low PLR groups using the cutoff value of 128.3; patients with
higher PLR (PRL > 128.3) had shorter OS (p = 0.006).
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Figure 2: Kaplan-Meier survival curves showing the relationship between disease-free survival (DFS) in cervical

cancer patients and preoperative PLR. Patients with higher PLR (PRL > 128.3) had shorter DFS (p = 0.003).
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Figure 3: Kaplan-Meier survival curves showing the relationship between overall survival (OS) in cervical cancer
patients and preoperative albumin levels. Patients were stratified into high and low albumin groups using the cutoff value of 43.65.
Patients with lower serum albumin levels (albumin < 43.65) had shorter OS (p = 0.001).
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Table 1: Univariate Cox proportional hazards regression models of prognostic factors associated

with overall survival (OS) and disease-free survival (DFS) in cervical cancer patients

Variable 0S DFS
HR (95%CI) P-value HR (95%CI) p-value

Parturition 1.369 (0.917-2.045) 0.124 1.412 (0.946-2.107) 0.091
Age <48 1 1

>48 1.090 (0.733-1.619) 0.671 1.097 (0.738-1.630) 0.648
NLR <2.77 |1 1

>2.77 |[1.480 (0.995-2.201) 0.053 1.481 (0.997-2.201) 0.052
PLR <1283 |1 1

>128.3 [1.746 (1.165-2.617) 0.007 1.767 (1.179-2.649) 0.006
LMR <241 |1 1

>2.41 [0.631 (0.392-1.014) 0.057 0.617 (0.384-0.993) 0.047
Albumin <43.65 |1

>43.65 [0.519 (0.348-0.773) 0.001 0.511 (0.343-0.761) 0.001
FIGO Stage 1A 1 1

1B 3.807 (1.176-12.321) [0.026 3918 (1.211-12.679) [0.023

1A 5.524 (1.727-17.665) |0.004 5.944 (1.859-19.000) [0.003
Differentiation | Well 1 1

Mod. [3.969 (1.429-11.028) | 0.008 3.913 (1.409-10.872) ]0.009

Poorly [7.337 (2.644-20.357) |<0.001 |7.268 (2.620-20.157) |<0.001
PLN No 1 1

Yes 3.104 (2.025-4.759) <0.001 ]3.259 (2.127-4.992) <0.001
LVSI No 1

Yes 1.821 (1.170-2.836) 0.008 1.887 (1.212-2.938) 0.005
Histological Squ

Non-S 0.982 (0.600-1.607) 0.942 0.953 (0.583-1.559) 0.848
SIS 0 1

1 1.987 (1.153-3.423) 0.013 1.967 (1.142-3.386) 0.015

2 3.187 (1.793-5.664) <0.001 ]3.290 (1.852-5.843) <0.001

PLR: platelet-lymphocyte ratio, NLR: neutrophil-lymphocyte ratio, LMR: lymphocyte-monocyte ratio,

PLN: pelvic lymph node metastasis, LVSI: vascular lymph node invasion
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Figure 4: Kaplan-Meier survival curves showing the relationship between disease-free survival (DFS) in cervical
cancer patients with cervical cancer and preoperative albumin levels. Patients with lower serum albumin levels (albumin <
43.65) had shorter DFS (p = 0.001).

www.impactjournals.com/oncotarget

15233

Oncotarget



Table 2: Multivariate Cox proportional hazards regression models of prognostic factors associated

with overall survival in cervical cancer patients

Multivariate? Multivariate®
Variable
HR (95%CTI) p-value [HR (95%CI) p-value
PLR <128.3 1
>128.3 1.544 (1.026-2.323) 0.037
Albumin <43.65 1
>43.65 0.620 (0.413-0.932) 0.022
FIGO Stage IA & 1B 1 1
ITA 1.522(1.014-2.285) 0.043 1.545 (1.029-2.319) 0.036
Differentiation | Well & Mod. | 1 0.001 1
Poorly 1.970 (1.315-2.950) 1.984 (1.325-2.971) 0.001
LVSI No 1 1
Yes 1.404 (0.889-2.218) 0.145 1.401 (0.888-2.210) 0.147
SIS 0 1
1 1.914 (1.110-3.299) 0.019
2 2.601 (1.452-4.660) 0.001

*Adjustment for all variables listed in the table, except for CCSIS.
®Adjustment for all variables listed in the table, except for PLR and Albumin.
PLR: platelet-lymphocyte ratio

LVSI: vascular lymph node invasion

1.0 -
T
B "“1....;___,1
0.9 """"._.I
Ilj L
0.5

PLR&AIhumin

I TPLR<128.38Albumin=43.65
MTPLR=128.3&8Albumin=43.65
PLR=128.38Albumin<43.65
—TPLR=128.38Albumin<43.65
—— PLR<128.3&8Albumin=43.65-censored
f~ PLR=128.38Albumin=43.65-censored
PLR=<128.38Albumin<43.65-censored

Overall Survival rate

log-rank P<0.001

0.7

067 —— PLR=128.38Albumin<43.65-censored
[;l 2IU 4IEJ BID SIU 1EIJU 12|U
Months

Figure 5: Kaplan-Meier survival curves showing the relationship between overall survival (OS) in cervical cancer
patients and the combination of preoperative PLR and albumin. Patients were separated into four groups as follows: PLR <
128.3 and albumin > 43.65; PRL > 128.3 and albumin > 43.65; PLR < 128.3 and albumin < 43.65; and PRL > 128.3 and albumin < 43.65.
Patients with either serum albumin < 43.65 or PLR > 128.3 had similar OS (p = 0.697).
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Combining PLR and albumin to provide
additional stratification

To further distinguish patients with different
oncological outcomes, we defined four subgroups by
combining PLR with serum albumin levels. OS and DFS
were similar in subgroups with serum albumin < 43.65
or PLR > 128.3 (HR 1.121, 95% CI 0.631 to 1.993, p
= 0.697; HR 1.045, 95% CI 0.615-1.773, p = 0.872,
respectively) (Figures 5 and 6). Therefore, we combined
these two subgroups to create three CCSIS groups
defined as follows: patients with both increased PLR and
decreased serum albumin (PLR > 128.3 and albumin <
43.65 g/L) were assigned a score of 2; patients with either
increased PLR or decreased serum albumin were assigned
scores of 1; and patients with both decreased PLR and
increased serum albumin (PLR < 128.3 and albumin >
43.65 g/L) were assigned scores of 0.

Kaplan-Meier curves showed that high CCSIS
scores were associated with shorter OS and DFS (p <
0.001 for both) (Figures 7 and 8). The cumulative 3-year
OS rates were 84.8%, 90.4%, and 96.2% for patients with
CCSIS scores of 2, 1, and 0, respectively; the 5-year OS
rates in corresponding subgroups were 81.9%, 88.9% and

94.3%, respectively. The differences in cumulative OS
among the three subgroups were statistically significant
(p < 0.001 for both). Furthermore, the cumulative 3-year
DFS rates were 76.4%, 87.2%, and 93.9% for patients
with CCSIS scores of 2, 1, and 0, respectively; 5-year DFS
rates in the corresponding subgroups were 75.8%, 85.3%,
and 91.6 %. The differences among the three subgroups
for cumulative DFS were also statistically significant (p <
0.001 for both).

CCSIS was predictive of prognosis as measured by
both OS and DFS in a univariate analysis (p < 0.05 for
both) (Table 1). In multivariate analysis, both CCSIS and
tumor differentiation (p < 0.05 for all) were independent
predictors of OS and DFS in cervical cancer patients
(Tables 2 and 3). Furthermore, the presence of LVSI was
associated with higher risk of recurrence and increased
FIGO stage.

Correlations between PLR, albumin, CCSIS, and
other clinical parameters of cervical cancer

Clinicopathologic characteristics were compared
between patients grouped by PLR and serum albumin as
shown in Table 4. Increased PLR and decreased serum
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Figure 6: Kaplan-Meier survival curves showing the relationship between disease-free survival (DFS) in cervical
cancer patients with cervical cancer and the combination of preoperative PLR and albumin. Patients with either serum
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Figure 7: Kaplan-Meier curves showing the relationship between overall survival (OS) in cervical cancer patients and

cervical cancer systemic inflammation scores (CCSIS) of either 0, 1, or 2. Higher CCSIS scores were associated with shorter
OS (p < 0.001).
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Figure 8: Kaplan-Meier curves showing the relationship between disease-free survival (DFS) in cervical cancer
patients and CCSIS. Higher CCSIS scores were associated with shorter DFS (p < 0.001).
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Table 3: Multivariate Cox proportional hazards regression models of prognostic factors associated
with disease- free survival among patients with cervical cancer

Variable Multivariate? Multivariate®
HR (95%CI) p-value HR (95%CTI) p-value

PLR <128.3 1

>128.3 1.591 (1.058-2.392) 0.026
LMR <2.41 1

>2.41 0.769 (0.473-1.249) 0.289
Albumin <43.65 1

>43.65 0.612 (0.408-0.919) 0.018
FIGO stage IA & 1B 1 1

ITA 1.610 (1.073-2.415) 0.021 1.627 (1.085-2.439) 0.019
Differentiation | Well & Mod. | 1 1

Poorly 1.952 (1.305-2.920) 0.001 1.964 (1.313-2.938) 0.001
LVSI No 1 1

Yes 1.417 (0.896-2.241) 0.136 1.415 (0.896-2.234) 0.137
SIS 0 1

1 1.897 (1.101-3.269) 0.021

2 2.698 (1.508-4.828) 0.001

*Adjustment for all variables listed in the table, except for CCSIS.
®Adjustment for all variables listed in the table, except for PLR and Albumin.
PLR: platelet-lymphocyte ratio

LMR: lymphocyte-monocyte ratio

LVSI: vascular lymph node invasion

Table 4: Baseline characteristics of cervical cancer patients stratified by platelet-lymphocyte ratio (PLR)
and albumin

Variables PLR<128.3 | PLR>128.3 | p-value | Albumin<43.65 | Albumin>43.65 | p-value
(N =416) (N=319) (N=319) (N =476)

Age (years) 50.8+11.1 48.1£10.1 0.001 49.6£10.7 49.4+10.6 0.851
Parturition 2.9+1.6 2.6+1.4 0.010 2.8+1.5 2.7+1.5 0.363
FIGO stage 0.040 <0.001
1A 67 38 27 78
1B 180 178 135 223
1A 169 163 157 175
Differentiation 0.010 <0.001
Well 70 64 40 94
Mod. 236 179 157 258
Poorly 110 136 122 124
PLN 0.002 0.051
No 374 312 266 420
Yes 42 67 53 56
LVSI 0.547 <0.001
No 347 310 244 413
Yes 69 69 75 63
Histological subtype 0.297 0.018
Squamous 330 289 262 357
Non-squamous | 86 90 57 119

PLN: pelvic lymph node metastasis
LVSI: vascular lymph node invasion
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Table 5: Baseline characteristics of cervical cancer patients stratified by cervical cancer systemic

inflammation score (CCSIS) (N=795)

. SIS=0 SIS=1 SIS=2 p-value
Variables
(N=1262) (N =368) (N=165)
Age (years) 50.9+11.0 48.8+£10.6 48.8+1.6 0.024
Parturition 2.9+1.6 2.7+1.4 2.7+1.6 0.054
FIGO stage <0.001
1A 48 49 8
1B 114 175 69
1A 100 144 88
Differentiation <0.001
Well 52 60 22
Moderately 148 198 69
Poorly 62 110 74
PLN 0.002
No 239 316 131
Yes 23 52 34
LVSI 0.010
No 231 298 128
Yes 31 70 37
Histological subtype 0.166
Squamous 195 297 127
Non-squamous 67 71 38

PLN: pelvic lymph node metastasis
LVSI: vascular lymph node invasion

albumin were both associated with advanced FIGO stage
(p = 0.040 and p < 0.001, respectively) and poor tumor
differentiation (p = 0.010 and p < 0.001, respectively).
Additionally, elevated PLR was associated with the
presence of PLN (p = 0.002). In contrast, decreased
serum albumin was associated with the presence of LVSI
(» <0.001). As shown in Table 5, high CCSIS score was
correlated with advanced FIGO stage (p < 0.001), poor
tumor differentiation (p < 0.001), and the presence of PLN
(» = 0.002) and LVSI (p = 0.010).

DISCUSSION

The clinicopathological characteristics and
prognoses of 795 cervical cancer patients were investigated
in this retrospective study. Univariate Cox proportional
hazard analysis revealed that PLR, serum albumin, FIGO
stage, tumor differentiation, PLN, and LVSI, but not
NLR, were associated with OS and DFS. Additionally,
increased PLR and decreased serum albumin before
surgery were independent predictors of shorter OS and
DFS in a multivariate analysis. To find a more objective
marker, the cervical cancer systemic inflammation score
(CCSIS), an integrated indicator based on PLR and serum
albumin, was created. Kaplan-Meier curves demonstrated
that high CCSIS scores were associated with shorter OS
and DFS. Furthermore, increased CCSIS was associated

with advanced FIGO stage, poor tumor differentiation, and
the presence of PLN and LVSI.

Platelets and lymphocytes are related to immune
surveillance [10]. Therefore, PLR, a combined index of
platelets and lymphocyte counts, has been investigated
as a prognostic factor in various cancers [11]. Recently,
a meta-analysis including 12,754 patients demonstrated
that high PLR was associated with shorter OS in various
solid tumors [12]. The prognostic value of PLR in cervical
cancer is unclear. Mesut et al. found that PLR may provide
useful information regarding cervical carcinoma invasion
in a study of 75 patients with pre-invasive and 30 patients
with invasive disease [13]. On the contrary, Wang et al.
suggested that pretreatment PLR did not predict prognosis
in cervical cancer patients. However, that study only
included 111 FIGO stage IB2-IIB patients who had
received neoadjuvant chemotherapy and underwent radical
hysterectomy [14]. In a study of 460 FIGO stage I or II
cervical cancer patients, Yu et al. found that NLR, but
not PLR, was an independent prognostic marker for PFS,
but not for OS [6]. However, unlike phosphoglycerate
dehydrogenase [15], PLR is a cheap and easily available
biomarker that may be an independent predictor of poor
prognosis in patients with cervical cancer.

Serum albumin is a negative acute phase protein.
It has been integrated with other markers to create new
prognostic markers, such as mGPS [4]. Decreased
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preoperative albumin is associated with reduced survival
and poor prognosis in other cancer patients [16-18].
However, few studies have investigated the relationship
between preoperative albumin and patient survival in
cervical cancer. In a study of 238 patients who underwent
chemoradiotherapy instead of operations, mGPS was
correlated with advanced stages in cervical cancer patients
and was an independent prognostic indicator for OS and
PFS [19]. Consistent with previous studies, we showed
that decreased albumin was associated with poor OS and
DFS in operable cervical cancer patients.

So far, no studies have explored the links between
PLR and serum albumin in cervical cancer. Here, we
demonstrated for the first time that decreased albumin
predicted shorter OS and DFS. By creating a new score
that combines PLR and albumin, we stratified patients into
three groups. This approach was particularly successful in
predicting differences among the three groups in OS and
DFS in multivariate models. Moreover, subgroup analysis
supported the validity of this stratification method.
Therefore, PLR and albumin were useful prognostic
biomarkers that, when combined, provided additional risk
stratification for cervical cancer patients. Patients with
high CCSIS scores, which were correlated with aggressive
cancer biology phenotypes such as advanced FIGO stage,
poor tumor differentiation, and the presence of PLN and
LVSI, might benefit from aggressive therapeutic regimens
such as radiotherapy and/or chemotherapy, or even
neoadjuvant chemotherapy followed by surgery [20, 21].

These results reflect complex interactions between
systematic inflammation and tumor progression. Both
albumin and lymphocyte levels are indicative of host
immunity. Albumin, platelets and lymphocytes play
different roles in systematic inflammation which leads
to tumor progression. Synthesized predominantly in
the liver [22], albumin is a safe and immunogenic
protein. Decreased preoperative albumin may indicate
a malnourished state [23] and sustained systemic
inflammation [24, 25], suggesting a suppressed immune
system. Platelets are the major serum source of vascular
endothelial growth factor (VEGF), which induces
angiogenesis and endothelial proliferation [3, 26-28].
Angiogenesis in turn is critical for the growth and
metastasis of tumors [29]. T lymphocytes are critical
adaptive immune cells, which are commonly divided
into two subsets based on the expression of CD4 and
CDS8 receptors [30]. On one hand, decreased lymphocyte
levels can cause immune suppression, which can produce
inflammatory cytokines in the tumor microenvironment
[31]. On the other hand, according to Ramello et
al, after co-incubation with CD4+ or CDS8+ tumor-
induced senescent T cells, monocytes produce more
pro-inflammatory cytokines (TNF, IL-1p and IL-6) and
angiogenic factors (MMP-9, VEGF-A and IL-8) than those
co-cultured with controls [32]. Thus, T cells may play key
role in angiogenesis and impact tumor progression and

metastasis. Overall, PLR may reflect the balance between
tumor angiogenesis and host immunity. Increased PLR
indicates a predominance of pro-tumor angiogenesis
responses and is associated with poor oncologic outcomes.
Increased PLR together with decreased albumin, which
indicates hypoimmunity in patients, may lead to cancer.
The present study supports this theory.

Currently, this is the largest study of the prognostic
roles of preoperative PLR and albumin in cervical cancer.
It is also the first study to propose a potential prognostic
role for CCSIS for this disease. However, the present study
does have some limitations. First, it is difficult to control
for potential confounding factors in retrospective studies,
and the results might differ in other populations; future
studies replicating these findings in diverse patient groups
are needed. Second, the present study was conducted at a
single institution, and multicenter studies of the markers
used here would strengthen our conclusions. Finally,
only patients who underwent surgery were included, and
the results may not apply to patients without surgical
indications, including stages I1B, III and IV.

In conclusion, this study highlights the potential
role of PLR and albumin as prognostic factors for OS
and DFS in early-stage cervical cancer patients. CCSIS,
a new biomarker integrating PLR with serum albumin
levels, was evaluated. CCSIS served as an independent
prognostic factor and might aid in the identification of
cervical cancer patients and in managing their treatment.

MATERIALS AND METHODS

Patients

The current analysis included 795 patients with
cervical cancer who received treatment at the First
Affiliated Hospital of Wenzhou Medical University
(Zhejiang province, China) between May 2005 and
December 2012. Only patients with TA1-IIA2 stage
cervical cancer who had received radical hysterectomy
with additional chemotherapy or radiotherapy at the
hospital were included. Patients with any history of
immunological, hematological, or liver disease, other
cancers, adolescents ( < 18 years old), and patients who
took medications that could cause hematological disease
or liver disease were excluded. This study was approved
by the Hospital Ethics Committee of the First Affiliated
Hospital of Wenzhou Medical University. As this was a
retrospective study, written consents were waived, and
verbal consents were obtained via telephone.
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Data collection and definitions of NLR, PLR and
LMR

Albumin levels and preoperative blood cell
counts, which included platelet, absolute lymphocyte,
neutrophil, and monocyte levels, from one week prior to
operation were collected through the electronic medical
record system (EMRS). NLR, PLR, and lymphocyte
to monocyte ratio (LMR) were calculated as absolute
neutrophil count divided by absolute lymphocyte count,
absolute platelet count divided by absolute lymphocyte
count, and absolute lymphocyte count divided by
absolute monocyte count, respectively. Patient clinical
and pathological characteristics, such as age at diagnosis,
parturition number, FIGO stage, pathological types, tumor
differentiation, vascular lymph node invasion (LVSI), and
pelvic lymph node metastasis (PLN) were also collected.

Follow-up and prognosis evaluation

Out-patient ~ medical records, telephone
consultations, and social security death indices were used
to calculate overall survival (OS) and disease free survival
(DFS). Follow-ups were conducted every 3 months for the
first 2 years, 6 months for the next 3 years, and annually in
the following years. Gynecological examinations, cervical
cytology, trans-vaginal ultrasound scanning, and computed
tomography (CT) and/or magnetic resonance imaging
(MRI) were conducted during follow-up evaluations. OS
was defined as the time from surgery to the time of death
regardless of cause. DFS was calculated from the date of
surgery to the date of recurrence.

Statistical analysis

Continuous variables with normal distributions are
expressed as mean + standard deviation (SD) and were
compared using standard #-tests. Wilcoxon’s rank-sum
test or the Kruskal-Wallis test were used for continuous
variables with non-normal distributions. Additionally,
the Chi-square test or Fisher’s exact test were applied
to analyze categorical variables. Survival analyses were
performed using Kaplan-Meier survival curves, and
significant differences between groups were compared
by the log-rank test. Cox proportional hazard regression
was used to identify associations between outcomes and
variables. Variables identified as statistically significant
in the univariate Cox regression analysis were then
used in multivariate analysis with backward stepwise
selection. Threshold values for NLR, PLR, LMR, and
serum albumin were selected using receiver operating
characteristic (ROC) curve analysis.

NLR, PLR, LMR and serum albumin
biomarkers were evaluated together with traditional

clinicopathological variables in univariate and multivariate
analyses. PLR and serum albumin were identified as
independent prognostic indicators for OS and DFS. The
CCSIS combined PLR and serum albumin levels and
was assessed in a multivariate analysis with traditional
clinicopathological variables. All p values were 2-sided,
and a p value < 0.05 was considered statistically
significant. Statistical analysis was performed using the
Statistical Package for Social Sciences version 21.0 (SPSS
Inc., Chicago, IL, USA).

ACKNOWLEDGMENTS

None.

CONFLICTS OF INTEREST

None.

GRANT SUPPORT

This work was supported by Zhejiang Provincial
Education Program (Y201430483), Wenzhou technology
Program (20140309).

REFERENCES

1. Candido J, Hagemann T. Cancer-related inflammation. J
Clin Immunol. 2013; 33 Suppl 1:S79-84.

2. YuX, Lian B, Wang L, Zhang Y, Dai E, Meng F, Liu D,
Wang S, Liu X, Wang J, Li X, Jiang W. The pan-cancer
analysis of gene expression patterns in the context of
inflammation. Mol Biosyst. 2014; 10:2270-2276.

3. Dreanic J, Dhooge M, Barret M, Brezault C, Mir O,
Chaussade S, Coriat R. Anti-epidermal or anti-vascular
endothelial growth factor as first-line metastatic colorectal
cancer in modified Glasgow prognostic score 2’ patients. J
Cachexia Sarcopenia Muscle. 2015; 6:231-236.

Ni XC, YiY, Fu YP, He HW, Cai XY, Wang JX, Zhou J,

Cheng YF, Jin JJ, Fan J, Qiu SJ. Prognostic Value of the

Modified Glasgow Prognostic Score in Patients Undergoing

Radical Surgery for Hepatocellular Carcinoma. Medicine

(Baltimore). 2015; 94:1486.

5. Que Y, Qiu H, Li Y, Chen Y, Xiao W, Zhou Z, Zhang
X. Preoperative platelet-lymphocyte ratio is superior to
neutrophil-lymphocyte ratio as a prognostic factor for soft-
tissue sarcoma. BMC Cancer. 2015; 15:648.

6. ZhangY, Wang L, Liu Y, Wang S, Shang P, Gao Y, Chen
X. Preoperative neutrophil-lymphocyte ratio before platelet-
lymphocyte ratio predicts clinical outcome in patients
with cervical cancer treated with initial radical surgery.
International journal of gynecological cancer. 2014;
24:1319-1325.

7. Yutong H, Xiaoli X, Shumei L, Shan S, Di L, Baoen

www.impactjournals.com/oncotarget

15240

Oncotarget



11.

12.

14.

15.

16.

17.

18.

S. Increased Neutrophil-Lymphocyte Ratio Is a Poor
Prognostic Factor in Patients with Esophageal Cancer in
a High Incidence Area in China. Arch Med Res. 2015;
46:557-563.

Andersson BA, Lewin F, Lundgren J, Nilsson M, Rutqvist
LE, Lofgren S, Laytragoon-Lewin N. Plasma tumor
necrosis factor-alpha and C-reactive protein as biomarker
for survival in head and neck squamous cell carcinoma. J
Cancer Res Clin Oncol. 2014; 140:515-519.

Polterauer S, Grimm C, Zeillinger R, Heinze G, Tempfer C,
Reinthaller A, Hefler L. Association of C-reactive protein
(CRP) gene polymorphisms, serum CRP levels and cervical
cancer prognosis. Anticancer research. 2011; 31:2259-2264.

. Zhang Y, Jiang C, LiJ, Sun J, Qu X. Prognostic significance

of preoperative neutrophil/lymphocyte ratio and platelet/
lymphocyte ratio in patients with gallbladder carcinoma.
Clin Transl Oncol. 2015; 17:810-818.

JiY, Sheng L, Du X, Qiu G, Su D. Elevated platelet count
is a strong predictor of poor prognosis in stage I non-small
cell lung cancer patients. Platelets. 2015; 26:138-142.

Templeton AJ, Ace O, McNamara MG, Al-Mubarak
M, Vera-Badillo FE, Hermanns T, Seruga B, Ocana
A, Tannock IF, Amir E. Prognostic role of platelet to
lymphocyte ratio in solid tumors: a systematic review and
meta-analysis. Cancer Epidemiol Biomarkers Prev. 2014;
23:1204-1212.

Kose M, Celik F, Kose SK, Arioz DT, Yilmazer M. Could
the platelet-to-lymphocyte ratio be a novel marker for
predicting invasiveness of cervical pathologies? Asian
Pacific journal of cancer prevention. 2015; 16:923-926.
Wang D, Wu M, Feng FZ, Huang HF, Yang JX, Shen
K, Xiang Y. Pretreatment neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios do not predict survival in
patients with cervical cancer treated with neoadjuvant
chemotherapy and radical hysterectomy. Chin Med J (Engl).
2013; 126:1464-1468.

Jing Z, Heng W, Aiping D, Yafei Q, Shulan Z.
Expression and clinical significance of phosphoglycerate
dehydrogenase and squamous cell carcinoma antigen in
cervical cancer. International journal of gynecological
cancer. 2013; 23:1465-1469.

Xu XL, Yu HQ, Hu W, Song Q, Mao WM. A Novel
Inflammation-Based Prognostic Score, the C-Reactive
Protein/Albumin Ratio Predicts the Prognosis of Patients
with Operable Esophageal Squamous Cell Carcinoma.
PLoS One. 2015; 10:e0138657.

Yamashita K, Ushiku H, Katada N, Hosoda K, Moriya
H, Mieno H, Kikuchi S, Hoshi K, Watanabe M. Reduced
preoperative serum albumin and absence of peritoneal
dissemination may be predictive factors for long-term
survival with advanced gastric cancer with positive
cytology test. Eur J Surg Oncol. 2015; 41:1324-1332.

Zhou T, Zhan J, Hong S, Hu Z, Fang W, Qin T, Ma Y, Yang
Y, He X, Zhao Y, Huang Y, Zhao H, Zhang L. Ratio of

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

C-Reactive Protein/Albumin is An Inflammatory Prognostic
Score for Predicting Overall Survival of Patients with
Small-cell Lung Cancer. Sci Rep. 2015; 5:10481.

Xiao Y, Ren YK, Cheng HJ, Wang L, Luo SX. Modified
Glasgow prognostic score is an independent prognostic
factor in patients with cervical cancer undergoing
chemoradiotherapy. Int J Clin Exp Pathol. 2015; 8:5273-
5281.

He D, Duan C, Chen J, Lai L, Chen J, Chen D. The safety
and efficacy of the preoperative neoadjuvant chemotherapy
for patients with cervical cancer: a systematic review
and meta analysis. International journal of clinical and
experimental medicine. 2015; 8:14693-14700.

Liang Y, Lu B, Chen X, Qin J, Cheng X, Xie X, Lu W.
Prognostic value of pathological response to neoadjuvant
chemotherapy in bulky stage b2 and Ila cervical squamous
cell cancer patients. Virchows Archiv. 2015.

Saraiva MJ, Magalhaes J, Ferreira N, Almeida MR.
Transthyretin ~ deposition in familial amyloidotic
polyneuropathy. Curr Med Chem. 2012; 19:2304-2311.

Quero Alfonso Al, Fernandez Castillo R, Fernandez
Gallegos R, Gomez Jimenez FJ. Study of serum albumin
and BMI as nutritional markers in hemodialysis patients.
Nutr Hosp. 2014; 31:1317-1322.

Ishida S, Hashimoto I, Seike T, Abe Y, Nakaya Y,
Nakanishi
inflammation rather than nutrition supply in burns patients:
a retrospective study. J Med Invest. 2014; 61:361-368.
Dashti N, Einollahi N, Nabatchian F, Moradi Sarabi M,
Zarebavani M. Significance of albumin and C-reactive
protein variations in 300 end stage renal disease patients
in Tehran University of Medical Sciences Hospitals during
year 2010. Acta Med Iran. 2012; 50:197-202.

Qi C, Li B, Guo S, Wei B, Shao C, Li J, Yang Y, Zhang
Q, Li J, He X, Wang L, Zhang Y. P-Selectin-Mediated
Adhesion between Platelets and Tumor Cells Promotes

H. Serum albumin levels correlate with

Intestinal Tumorigenesis in Apc(Min/+) Mice. International
journal of biological sciences. 2015; 11:679-687.

Zhao Y, Adjei AA. Targeting Angiogenesis in Cancer
Therapy: Moving Beyond Vascular Endothelial Growth
Factor. Oncologist. 2015; 20:660-673.

Bambace NM, Holmes CE. The platelet contribution to
cancer progression. J] Thromb Haemost. 2011; 9:237-249.
Yan M, Jurasz P. The role of platelets in the tumor
microenvironment: From solid tumors to leukemia. Biochim
Biophys Acta. 2016;1863:392-400

Overgaard NH, Jung JW, Steptoe RJ, Wells JW.
CD4+/CD8+ double-positive T cells: more than just a
developmental stage? J Leukoc Biol. 2015; 97:31-38.
Kwilas AR, Donahue RN, Tsang KY, Hodge JW. Immune
consequences of tyrosine kinase inhibitors that synergize
with cancer immunotherapy. Cancer Cell Microenviron.
2015; 2:677.

Ramello MC, Boari JT, Canale FP, Mena HA, Negrotto S,

WWW

.impactjournals.com/oncotarget

15241

Oncotarget



Gastman B, Gruppi A, Rodriguez EV, Montes CL. Tumor-
induced senescent T cells promote the secretion of pro-
inflammatory cytokines and angiogenic factors by human
monocytes/macrophages through a mechanism that involves
Tim-3 and CD40L. Cell Death Dis. 2014; 5:1507.

www.impactjournals.com/oncotarget 15242 Oncotarget



