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Prognostic Values of Systemic Inflammation
Response (SIR) Parameters in Resectable
Cervical Cancer

Wen-Jie Wang1, Ying Li1, Jie Zhu1, Min-jie Gao1, Jian-ping Shi1,
and Yue-qing Huang2

Abstract

Background: Cervical carcinoma is the leading cause of cancer mortality in women. C-reactive protein (CRP), albumin (ALB),
globulin (GLB), lactate dehydrogenase (LDH), and albumin-to-globulin ratio (AGR) are indicators of systemic inflammation
response correlated with tumor outcomes.

Methods: This study recruited 110 patients with cervical cancer. The patients were divided into 2 groups according to pre-
treatment median values of CRP, ALB, GLB, LDH, and AGR. The post/preradiotherapy or post/pretreatment ratios were defined
as rates of pretreatment CRP, ALB, GLB, LDH, and AGR values and the corresponding ones obtained after radiotherapy or whole
treatment.

Results: Higher pretreatment CRP or LDH levels were correlated with worse progression-free survival (PFS) and overall survival
(OS). Increased post/preradiotherapy CRP ratio was correlated with worse PFS and OS, increased post/preradiotherapy LDH
ratio was correlated with worse PFS. Increased post/pretreatment CRP ratio was correlated with worse PFS and OS, not-
increased post/pretreatment AGR ratio was correlated with worse OS. Cox regression analysis model indicated that, moderately
or poorly of differentiation, higher pretreatment CRP or LDH levels were independently associated with worse PFS, higher
pretreatment CRP or LDH levels and increased post/pretreatment CRP ratio were independently associated with worse OS.

Conclusion: CRP, LDH, or AGR are correlated with outcomes of resectable cervical cancer.
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Introduction

With an estimated 528 000 new cases and 266 000 deaths occur

annually, cervical cancer accounts for 12% of female cancers

and ranks the fourth most common female cancer globally,

especially in developing countries.1 Notably, on the account

of large population with disequilibrium in financial resources

and health care, China is bearing a heavy global burden of

cervical cancer.2 As the most common gynecologic cancer in

female, most of the invasive cervical cancers are the evolution

of dysplasia originating in cervical columnar epithelium, and

high-risk human papillomavirus (HPV) infection is widely

recognized as the major etiologic factor of cervical cancer.3-5

Due to the popularization of early screening such as cervical

scraping smear and liquid-based cytology, as well as HPV

vaccination at young age in developed countries, it is not dif-

ficult to explain the high morbidity and mortality of cervical

cancer in developing countries.5-8 Aside from the improvement

in reproductive health education, early detection and preven-

tion measures, surgery including trachelectomy or
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hysterectomy, radiotherapy with or without chemotherapy, as

well as prognostic evaluation are emerging to improve the

outcome of cervical cancer.

Systemic inflammation response (SIR) has been proved to

contribute to the progressive decline in nutritional and func-

tional status, as well as bad prognosis in many solid tumors.9,10

Thus, in order to forecast and improve the outcomes of resect-

able cervical cancer, investigation of available predictive

markers demands prompt discussion. Regulated by pro-

inflammatory cytokines, C-reactive protein (CRP) arises and

plays a crucial role in SIR.11 Elevated serum CRP level has

been identified to be a poor prognostic factor of cervical can-

cer. Albumin (ALB) and globulin (GLB) are major components

of serum proteins. Previous studies have proved that low serum

ALB level was an independent risk factor of poor survival in

patients with several cancer types such as non-small-cell lung

cancer, pancreatic cancer, and gastric cancer.12-14 The GLB

reflects inflammatory status and plays important parts in SIR.15

As a combination of ALB and GLB, albumin-to-globulin ratio

(AGR) has been identified as a convenient and useful predic-

tive biomarker for prognosis in several cancers including breast

cancer, colorectal cancer, and esophageal squamous cell carci-

noma.16-18 To date, the prognostic value of AGR in cervical

cancer has not been discussed. Serum lactate dehydrogenase

(LDH), a key enzyme that catalyzes the conversion from glucose

to lactate,19 serves as a nonspecific indicator of cellular death in

many diseases and reflects the aggressiveness of various neo-

plasms including cervical cancer.20 A recent study has revealed

that a high baseline LDH level was an independent prognostic

factor for patients with locally advanced cervical cancer.21

In this study, we have investigated several SIR-related para-

meters and evaluated whether these parameters could be available

prognostic indicators in patients with resectable cervical cancer.

Materials and Methods

Patients and Inclusion Criteria

This study was conducted as a retrospective investigation of

resectable cervical cancer that had been referred to the

Affiliated Suzhou Hospital of Nanjing Medical University

(Jiangsu, China) between November 2012 and Jul 2014.

Approval for the study was granted by the Medical Ethics

Committees of the Affiliated Suzhou Hospital of Nanjing Med-

ical University. All patients have signed informed consent. The

inclusion criteria were as follows: (1) those with histologically

or cytologically confirmed resectable cervical cancer; (2) age

18 to 70 years; (3) Karnofsky performance status score of�70;

(4) those who met the following laboratory criteria: white

blood cells (WBC) �4.0 � 109/L; absolute neutrophil count

�2.0 � 109/L; PLT �100 � 109/L; and (5) histopathology

confirmed as squamous cell carcinoma. The exclusion criteria

were as follows: (1) patient failed to complete radiotherapy

after surgery; (2) histopathology confirmed as adenocarci-

noma; and (3) patients with new infections within 2 weeks or

chronic infection diseases, autoimmune diseases, organ

dysfunction, hematological diseases, and accompanied with

another type of tumor. All the patients received modified rad-

ical hysterectomy plus pelvic lymph node dissection and exter-

nal irradiation (45-50 Gy administered in 25 fractions over 5

weeks; 4-field box technique). Clinical and pathological

records of all the patients participating in the study were

reviewed periodically, the first follow-up was 3 months after

radiotherapy, and the last time was July 2014.

In total, 110 patients with resectable cervical cancer were

recruited in this study. All cases were confirmed by surgery and

pathology. Patient characteristics are detailed in Table 1. The

median age of the 110 patients was 51.5 years (range, 25-70

years). The staging of cancer was made according to Interna-

tional Federation of Gynecology and Obstetrics (FIGO) recom-

mendations. The prognostic analyses were performed regarding

progression-free survival (PFS) and overall survival (OS).

Blood Samples

Peripheral venous blood (5-7 mL) was collected into a sterile

ethylenediaminetetraacetic acid tube; patients were fasted 8 hours

and samples were obtained from elbow venous between 6:30 and

7:30 AM in order to standardize the known impact of circulating

hormones (circadian rhythm) on the number and subtype distri-

bution of the various WBC indices. Blood samples were analyzed

using a hematology analyzer (Sysmex XE-2100; Sysmex, Kobe,

Japan). The patients were divided into 2 groups according to the

median values. The post/preradiotherapy ratios were defined as

the rate of preradiotherapy CRP, ALB, GLB, LDH, and AGR

values and the corresponding ones obtained after radiotherapy.

The post/pretreatment ratios were defined as the rate of pretreat-

ment CRP, ALB, GLB, LDH, and AGR values and the corre-

sponding ones obtained after whole treatment. Blood samples

from all patients were obtained 1 month after surgery and 3

months after adjuvant radiotherapy. In our article, all patients

underwent surgery and adjuvant radiotherapy.

Evaluation

Computed tomography scan was performed for the assessment

of response every 3 months and evaluated according to the

criteria of Response Evaluation Criteria in Solid Tumors 1.1.22

Follow-Up

Survival time was measured from the diagnosed date until

death or last clinical evaluation. The prognostic analyses were

performed regarding PFS or OS. Patients were followed up

regularly for 36 months.

Statistical Analysis

All statistical analyses were performed using SPSS 19.0 soft-

ware (Chicago, Illinois). For analysis of survival data,

Kaplan-Meier curves were constructed, and statistical analysis

was carried out using the log-rank test. The associations between

blood parameters status and clinicopathologic features were
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explored by the w2 tests. The relationships between changes in

the blood parameters status and surgery or radiotherapy were

assessed by the paired samples test. Univariate and multivariate

Cox regression analysis model was employed to identify the

independent risk factors associated with cervical cancer. All

values of P <.05 were considered statistically significant.

Results

High Pretreatment CRP or LDH Levels had Worse Prognosis
on OS of Patients With Resectable Cervical Cancer

The Kaplan-Meier plots were used to determine the effect of

CRP, ALB, GLB, LDH, or ARB levels on OS (Figure 1A-E).

The patients were divided into 2 groups according to the median

levels of CRP, ALB, GLB, LDH, or ARB. The median OS of the

high CRP group was 32 (95% confidence interval [CI]: 20.774-

43.226) months, while that of the low CRP group was 44 (95%
CI: 34.714-53.286) months (P ¼ .017). The median OS was 41

(95% CI: 29.456-52.544) months in the high ALB group and 34

(95% CI: 30.888-37.112 months in the low ALB group (P ¼
.407). The median OS was 42 (95% CI: 35.643-48.357) months

in the high GLB group and 34 (95% CI: 23.430-44.570) months

in the low GLB group (P ¼ .100). The median OS of the high

LDH group was 32 (95% CI: 19.972-44.028) months, while that

of the low LDH group was 39 (95% CI: 30.127-47.873) months

(P¼ .009). The median OS of the high AGR group was 34 (95%
CI: 25.917-42.083) months, while that of the low AGR group

was 42 (95% CI: 33.244-51.296) months (P ¼ .178). Thus,

pretreatment high levels of CRP or LDH had worse prognosis,

whereas ALB, GLB, or AGR had no effect on OS.

High Pretreatment CRP or LDH Levels had Worse Prognosis
on PFS of Patients With Resectable Cervical Cancer

The Kaplan-Meier plots were used to determine the effect of

CRP, ALB, GLB, LDH, or ARB levels on PFS (Figure 2A-E).

The patients were divided into 2 groups according to the med-

ian levels of CRP, ALB, GLB, LDH, or ARB. The median PFS

of the high CRP group was 14 (95% CI: 11.823-16.177) months,

Figure 1. The relationship between pretreatment SIR-related indicators values and OS of patients with resectable cervical cancer: (A) the OS
according to CPR, (B) the OS according to ALB, (C) the OS according to GLB, (D) the OS according to LDH, and (E) the OS according to AGR.
AGR indicates albumin-to-globulin ratio; ALB, albumin; CPR, cardiopulmonary resuscitation; GLB, globulin; LDH, lactate dehydrogenase; OS,
overall survival; SIR, systemic inflammation response.
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while that of the low CRP group was 19 (95% CI: 14.848-

23.152) months (P ¼ .005). The median PFS was 16 (95% CI:

13.82-18.180) months in the high ALB group and 16 (95% CI:

14.566-17.434) months in the low ALB group (P ¼ .439). The

median PFS was 16 (95% CI: 13.601-18.399) months in the high

GLB group and 15 (95% CI: 13.370-16.630) months in the low

PDW group (P¼ .663). The median PFS of the high LDH group

was 14 (95% CI: 11.840-16.160) months, while that of the low

LDH group was 18 (95% CI: 13.809-22.191) months (P¼ .009).

The median PFS of the high AGR group was 15 (95% CI:

12.275-17.725) months, while that of the low AGR group was

16 (95% CI: 14.191-17.809) months (P ¼ .701). Thus, pretreat-

ment high levels of CRP or LDH had shorter PFS, whereas ALB,

GLB, or AGR had no effect on PFS.

Effects of Radiotherapy on the CRP, ALB, GLB, LDH,
and AGR

The effects of radiotherapy on the CRP, ALB, GLB, LDH, and

AGR levels were presented in Figure 3A to E, respectively. The

media value of CRP was 3.135 mg/L before radiotherapy and

3.210 mg/L after radiotherapy (P ¼ .012). The media value of

ALB was 41.800 g/L before radiotherapy and 42.650 radiother-

apy after radiotherapy (P ¼ .297). The media value of GLB was

29.750 g/L before radiotherapy and 29.000 g/L after radiother-

apy (P ¼ .590). The media value of LDH was 189.500 U/L

before radiotherapy and 191.500 U/L after radiotherapy (P ¼
.002). The media value of AGR was 1.402 before radiotherapy

and 1.451 after radiotherapy (P ¼ .310).Therefore, radiotherapy

had significant increased the value of CPR or LDH, whereas had

no significant impact on the values of ALB, GLB, or AGR.

Effects of Whole Treatment (Surgery Plus Radiotherapy)
on the Values of CRP, ALB, GLB, LDH, and AGR

The effects of whole treatment on the CRP, ALB, GLB, LDH,

and AGR levels were shown in Figure 4A to E. The media

value of CRP was 2.840 mg/L before whole treatment and

3.210 mg/L after whole treatment (P ¼ .048). The media value

of ALB was 42.100 g/L before whole treatment and 42.650 g/L

Figure 2. The relationship between pretreatment SIR-related indicators values and PFS of patients with resectable cervical cancer: (A) the PFS
according to CPR, (B) the PFS according to ALB, (C) the PFS according to GLB, (D) the PFS according to LDH, and (E) the PFS according to AGR.
AGR indicates albumin-to-globulin ratio; ALB, albumin; CPR, cardiopulmonary resuscitation; GLB, globulin; LDH, lactate dehydrogenase; PFS,
progression-free survival; SIR, systemic inflammation response.
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after whole treatment (P¼ .982). The media value of GLB was

27.700 g/L before whole treatment and 29.000 g/L after whole

treatment (P¼ .154). The media value of LDH was 192.000 U/

L before whole treatment and 191.500 U/L after whole treat-

ment (P ¼ .154). The media value of AGR was 1.473 before

whole treatment and 1.451 after whole treatment (P ¼ .167).

Therefore, whole treatment had significant increase on the

value of CRP, whereas it had no significant impact on the

values of ALB, GLB, LDH, or AGR.

Changes in CRP Level After Radiotherapy Predicted OS of
Patients With Resectable Cervical Cancer

The Kaplan-Meier plots were used to determine the effect of

changes of CRP, ALB, GLB, LDH, and AGR status on OS

(Figure 5A-E). The median OS of patients whose CRP level

decreased following radiotherapy was 42 (33.985-50.015)

months, while that of the increased group was 32 (21.128-

42.872) months (P ¼ .032). The median OS of patients whose

ALB level decreased following radiotherapy was 35 (23.083-

46.917) months, while that of the not-decreased group was 37

(30.526-43.474) months (P¼ .959). The median OS of patients

whose GLB level decreased following radiotherapy was 34

(27.927-40.073) months, while that with not-decreased GLB

was 37 (28.780-45.220) months (P ¼ .838). The median OS

of patients whose LDH level decreased following radiotherapy

was 39 (32.778-45.222) months, while that with not-decreased

LDH was 32 (23.073-40.927) months (P ¼ .185). The median

OS of patients whose AGR level decreased following radio-

therapy was 35 (23.979-46.021) months, while that with not-

decreased AGR was 37 (30.417-43.583) months (P ¼
.600).Thus, the patients whose CRP level decreased after ther-

apy had increased survival ratio. However, changes in ALB,

GLB, LDH, or AGR levels had no effects on OS.

Changes in CRP or LDH Level After Radiotherapy
Predicted PFS of Patients With Resectable Cervical
Cancer

The Kaplan-Meier plots were used to determine the effect of

changes of CRP, ALB, GLB, LDH, and AGR status on PFS

(Figure 6A-E). The median PFS of patients whose CRP level

decreased following radiotherapy was 20 (14.905-25.095)

months, while that of the not-decreased group was 14

(12.356-15.644) months (P ¼ .003). The median PFS of

patients whose ALB level decreased following radiotherapy

was 15 (13.385-16.615) months, while that of the not-

decreased group was 16 (13.275-18.725) months (P ¼ .353).

The median PFS of patients whose GLB level decreased fol-

lowing radiotherapy was 15 (13.103-16.897) months, while

that with not-decreased GLB was 16 (12.043-19.957) months

(P ¼ .493). The median OS of patients whose LDH level

decreased following radiotherapy was 21 (16.015-25.985)

months, while that with not-decreased LDH was 15 (13.444-

16.556) months (P ¼ .003). The median PFS of patients whose

AGR level decreased following radiotherapy was 15 (13.561-

Figure 3. Relationship between changes in SIR-related indicators values and radiotherapy. A, Radiotherapy increased the value of CRP. B,
Radiotherapy had no influence on the value of ALB. C, Radiotherapy had no influence on the value of GLB. D, Radiotherapy increased the value
of LDH. E, Radiotherapy had no influence on the value of AGR. AGR indicates albumin-to-globulin ratio; ALB, albumin; CRP, C-reactive protein;
GLB, globulin; LDH, lactate dehydrogenase; SIR, systemic inflammation response.
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16.439) months, while that with not-decreased AGR was 16

(13.905-18.095) months (P ¼ .137). Thus, the patients whose

CRP or LDH level decreased after therapy had better PFS.

However, changes in ALB, GLB, or AGR levels had no effects

on PFS.

Changes in CRP Level After Whole Treatment Predicted
Outcomes on OS of Patients With Resectable Cervical
Cancer

The Kaplan-Meier plots were used to determine the effect of

changes of CRP, ALB, GLB, LDH, and AGR status on OS

(Figure 7A-E). The median OS of patients whose CRP level

decreased following whole treatment was 41 (35.697-46.303)

months, while that of the not-decreased group was 32 (24.506-

39.494) months (P ¼ .026). The median OS of patients whose

ALB level decreased following whole treatment was 32

(20.907-43.093) months, while that of the not-decreased group

was 38 (32.745-43.255) months (P ¼ .142). The median OS of

patients whose GLB level decreased following whole treatment

was 38 (23.342-52.658) months, while that with not-decreased

GLB was 35 (30.443-39.557) months (P ¼ .731). The median

OS of patients whose LDH level decreased following whole

treatment was 34 (16.611-51.389 months, while that with not-

decreased LDH was 37 (32.825-41.175) months (P ¼ .265).

The median OS of patients whose AGR level decreased fol-

lowing whole treatment was 32 (23.806-40.194) months, while

that with not-decreased AGR was 45 (35.784-54.216) months

(P ¼ .032).Thus, the patients whose decreased CRP level or

not-decreased AGR level after therapy had increased survival

ratio. However, changes in ALB, GLB, or LDH levels had no

effects on OS.

Changes in CRP Level After Whole Treatment Predicted
Outcomes on PFS of Patients With Resectable Cervical
Cancer

The Kaplan-Meier plots were used to determine the effect of

changes of CRP, ALB, GLB, LDH, and AGR status after whole

treatment on PFS (Figure 8A-E). The median PFS of patients

whose CRP level decreased following whole treatment was 18

(12.111-23.889) months, while that of the not-decreased group

was 15 (13.522-16.478) months (P¼ .020). The median PFS of

patients whose ALB level decreased following whole treatment

was 16 (13.517-18.483) months, while that of the not-

decreased group was 16 (14.049-17.951) months (P ¼ .947).

The median PFS of patients whose GLB level decreased fol-

lowing whole treatment was 16 (14.452-17.548) months, while

that with not-decreased GLB was 15 (12.263-17.737) months

(P ¼ .781). The median OS of patients whose LDH level

decreased following whole treatment was 15 (12.626-17.374)

months, while that with not-decreased LDH was 16 (13.781-

18.219) months (P ¼ .873). The median PFS of patients whose

AGR level decreased following whole treatment was 15

(13.299-16.701) months, while that with not-decreased AGR

was 16 (13.714-18.286) months (P ¼ .267). Thus, the patients

whose CRP level decreased after therapy had better PFS.

Figure 4. Relationship between changes in SIR-related indicators values and whole treatment (surgery plus radiotherapy). A, Whole treatment
increased the value of CRP. B, Whole treatment had no influence on the value of ALB. C, Whole treatment had no influence on the value of GLB.
D, Whole treatment had no influence on the value of LDH. E, Whole treatment had no influence on the value of AGR. AGR indicates albumin-
to-globulin ratio; ALB, albumin; CRP, C-reactive protein; GLB, globulin; LDH, lactate dehydrogenase; SIR, systemic inflammation response.
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However, changes in ALB, GLB, LDH, or AGR levels had no

effects on PFS.

Prognostic Factors of PFS for Patients With Resectable
Cervical Cancer

Univariate analyses (Table 2) demonstrated that moderately or

poorly of differentiation (hazard ratio [HR]: 1.720; 95% CI:

1.142-2.592; P ¼ .009), larger tumor size (>5 cm; HR 1.561;

95% CI: 1.039-2.346; P ¼ .032), higher FIGO stage (II; HR:

1.615; 95% CI: 1.076-2.424; P ¼ .021), higher pretreatment

CPR level (HR: 1.721; 95% CI: 1.148-2.581; P ¼ .009), higher

pretreatment LDH level (HR: 1.656; 95% CI: 1.107-2.478; P¼
.014), increased post/preradiotherapy CRP ratio (�1; HR:

1.773; 95% CI: 1.179-2.665; P ¼ .006), increased post/prera-

diotherapy LDH ratio (�1; HR: 1.839; 95% CI: 1.204-2.810; P

¼ .005), and increased post/pretreatment CRP ratio (�1; HR:

1.576; 95% CI: 1.050-2.367; P ¼ .028) were significant risk

factors for a poor prognosis (Table 2). In multivariate analysis

(Table 2), moderately or poorly of differentiation (HR: 1.709;

95% CI: 1.114-2.621; P ¼ .014), higher pretreatment CPR

level (HR: 1682; 95% CI: 1.048-2.700; P ¼ .031), and higher

pretreatment LDH level (HR: 1.759; 95% CI: 1.155-2.678; P¼
.009) were found to be independently associated with poor

survival.

Prognostic Factors of OS for Patients With Resectable
Cervical Cancer

Univariate analyses (Table 3) demonstrated that higher FIGO

stage (II; HR: 1.980; 95% CI: 1.170-3.352; P ¼ .011), higher

pretreatment CPR level (HR: 1872; 95% CI: 1.099-3.188; P ¼
.021), higher pretreatment LDH level (HR: 1.994; 95% CI:

1.165-3.413; P ¼ .012), not-decreased post/preradiotherapy

CRP ratio (�1; HR: 1.839; 95% CI: 1.031-3.075; P ¼ .038),

not-decreased post/pretreatment CRP ratio (�1; HR: 1.815;

95% CI: 1.053-3.128; P ¼ .032), and not-decreased post/pre-

treatment CRP ratio (� 1; HR: 0.558; 95% CI: 0.321-3.128; P

¼ . 969) were significant risk factors for a poor prognosis

(Table 2). In multivariate analysis (Table 3), moderately or

poorly of differentiation (HR: 1.709; 95% CI: 1.114-2.621; P

¼ .014), higher pretreatment CPR level (HR: 1.959; 95% CI:

Figure 5. The relationship between change in pre- and pro-radiotherapy SIR-related indicators values with OS of patients with resectable
cervical cancer: (A) the OS according to CPR, (B) the OS according to ALB, (C) the OS according to GLB, (D) the OS according to LDH, and (E)
the OS according to AGR. AGR indicates albumin-to-globulin ratio; ALB, albumin; CPR, cardiopulmonary resuscitation; GLB, globulin; LDH,
lactate dehydrogenase; OS, overall survival; SIR, systemic inflammation response.
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1.066-3.597; P ¼ .030), higher pretreatment LDH level (HR:

2.074; 95% CI: 1.202-3.581; P ¼ .009), and post/pretreatment

CRP ratio (�1; HR: 2.081; 95% CI: 1.096-3.953; P ¼ .025)

were found to be independently associated with poor survival.

Discussion

Emerging evidence reveals that oncologic outcome is not only

mainly determined by malignant behaviors but also influenced

by host SIRs.23 The SIR is widely participated in the initiation

and progression of solid tumors including cervical cancer, such

as malignant proliferation, survival, invasion, angiogenesis,

and metastasis.24-27 Previous studies have reignited the interest

of cancer researchers in the concept of a correlation between

SIR and tumor outcomes.9,10,28,29 Accordingly, previous

researches have undertaken in-depth studies involving SIR-

based predictive indicators such as CRP,30 platelet-to-

lymphocyte ratio,31 neutrophil-to-lymphocyte ratio,31,32 and

modified Glasgow prognostic score (mGPS)33,34 in the out-

comes of cervical cancer. By the researches currently, the

mechanisms for SIR development in cervical malignant

progression are not exactly unveiled.25 Nevertheless, tumor

necrosis–related hypoxia, DNA damage and genetic mutation

resulted from oxidative stress, secretion of pro-inflammatory

cytokines, and acute-phase protein production are incrimi-

nated.35-37 The present study aims to evaluate a series of SIR

parameters and seek for accurate and comprehensive predictive

parameters for resectable cervical cancer.

The CRP, a kind of acute-phase protein, is mainly synthe-

sized in hepatocytes in response to multiple pro-inflammatory

cytokines and widely accepted as a sensitive marker of

SIR.38-40 The CRP is reemphasized as a significant predictive

indicator in various types of cancer such as colorectal cancer,

pancreatic cancer, and gastric cancer, as well as cervical can-

cer.30,41-44 For instance, Chmura et al have demonstrated that

high baseline CRP was correlated with adverse prognosis in

patients with resectable cervical cancer.45 Moreover, in a

recent retrospective research of Polterauer et al, patients with

higher CRP level (>5mg/L) had worse outcomes. Multivariable

analysis suggested higher CRP level as an independent risk

factor affecting PFS and OS.30 The possible mechanisms by

which CRP is correlated with the outcome of cervical cancer

Figure 6. The relationship between change in pre- and pro-radiotherapy SIR-related indicators values with PFS of patients with resectable
cervical cancer: (A) the PFS according to CPR, (B) the PFS according to ALB, (C) the PFS according to GLB, (D) the PFS according to LDH, and
(E) the PFS according to AGR. AGR indicates albumin-to-globulin ratio; ALB, albumin; CPR, cardiopulmonary resuscitation; GLB, globulin; LDH,
lactate dehydrogenase; PFS, progression-free survival; SIR, systemic inflammation response.
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are listed as follows. Firstly, SIR is supposed to be secondary to

tumor necrosis and local tissue damage caused by malignant

cells.44 Thus, an increased CRP level partly reflects malignant

aggressiveness and progression. Second, an increased secretion

of vascular endothelial growth factors (VEGFs) in response to

elevated serum CRP level may promote tumor growth,

angiogenesis, and metastases.46 Moreover, one study indi-

cated that tumor subclinical metastases that could not be

detected either by traditional imaging studies or pathologic

biopsies already arose in patients with high CRP level.44 In

the present study, both whole treatment and radiotherapy

increased the level of CRP. Higher pretreatment CRP level

was independently correlated with worse OS and PFS, while

increased post/pretreatment CRP ratio was independently

associated with worse OS.

Recent researches have defined ALB as a SIR-related para-

meter reflecting both nutritional status and chronic inflamma-

tory status.47 Additionally, chronic inflammation and

malnutrition are accepted as adverse factors for tumor prog-

nosis.48,49 Thus, decreased ALB level is supposed to be an

unfavorable prognostic factor in patients with several kinds

of malignant tumors.14,49,50 Moreover, ALB is integrated with

other markers such as CRP to create new prognostic markers,

for example, the mGPS.34 For instance, in a recent study of He

et al, pretreatment CRP/ALB ratio was confirmed as an inde-

pendent predictor of OS in patients with cervical cancer.51

However, to our knowledge, previous studies have not attached

importance on the correlation between ALB and patient sur-

vival in cervical cancer and it was the first time to dig into the

predictive value of ALB independently in resectable cervical

cancer. There are several pieces of evidence to support our

speculation. Firstly, ALB has been proved to play a crucial

anticancer role by stabilitating cell growth and DNA replica-

tion, as well as buffering sex hormone homeostasis.52 Sec-

ondly, chronic inflammatory response is proved to suppress

ALB synthesis and eventually lead to a low serum ALB level

and malnutrition, which may weaken host immune defense

mechanisms in patients suffering malignant tumors.53,54

Thirdly, in addition to attenuation of ALB synthesis, a long-

term SIR may lead to vascular endothelial damage and

increases the vascular permeability, which in turn attributes

to decreased serum ALB level and forms a vicious circle.55,56

Figure 7. The relationship between change in pretreatment (surgery plus radiotherapy) and posttreatment SIR-related indicators values with
OS of patients with resectable cervical cancer: (A) the OS according to CPR, (B) the OS according to ALB, (C) the OS according to GLB, (D) the
OS according to LDH, and (E) the OS according to AGR. AGR indicates albumin-to-globulin ratio; ALB, albumin; CPR, cardiopulmonary
resuscitation; GLB, globulin; LDH, lactate dehydrogenase; OS, overall survival; SIR, systemic inflammation response.
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In response to various pro-inflammatory cytokines such as

interleukin (IL)-6, IL-1b, and tumor necrosis factor a, the level

of serum GLB arises and reflects the occurrence of SIR.38,57

Previous studies have shown that high GLB level not only

indicates inflammatory response but also predict correlated

with tumor initiation and recurrence, as well as poor out-

comes.38,58-60 Unfortunately, barely a few studies have

unveiled the predictive value of GLB in patients with resect-

able cervical cancer. In the present study, both whole treatment

and radiotherapy had no effect on ALB or GLB. Neither ALB

nor GLB had any effect on OS and PFS in patients with resect-

able cervical cancer.

As a combination of ALB and GLB, AGR reflects both

nutritional status and inflammatory response.47 Strong evi-

dence suggests that low AGR level is significantly correlated

with poor outcomes in several types of malignant tumors.61-63

To the best of our knowledge, this is the first study to specif-

ically focus on the predictive value of AGR in resectable cer-

vical cancer. We propose that AGR is a quite plausible

predictive parameter on account of a couple of reasons. Firstly,

decreased AGR level may attribute to decreased ALB level

and/or increased GLB level, which combines these 2 important

unfavorable predictors and may provide more accurate predic-

tion than 2 single parameters. Secondly, difference is, AGR is

less influenced by conditions such as dehydration and fluid

retention, which may leads to a fluctuation of ALB and GLB

levels. In the present study, pretreatment AGR had no impact

on PFS and OS. Both whole treatment and radiotherapy had no

significant effect on the level of AGR. Univariate analysis

demonstrated that increased post/pretreatment ratio of AGR

was correlated with better OS.

The LDH, a ubiquitous cellular enzyme, is proved to ensure

an efficient anaerobic glycolysis and supply most of energy for

malignant cells even under aerobic condition, such phenom-

enon is widely accepted as the Warburg effect.64,65 Thus,

serum LDH level directly mirrors severe tumor hypoxia.

Hypoxia and an upregulation of serum LDH level is observed

in the majority of patients with cervical cancer and is tightly

associated with poor outcomes.21,66 In the present study, lower

baseline LDH level was correlated with better PFS and OS.

Radiotherapy significantly increased the level of LDH, while

surgery had no impact on LDH. Increased post/preradiotherapy

Figure 8. The relationship between change in pretreatment (surgery plus radiotherapy) and posttreatment SIR-related indicators values with
PFS of patients with resectable cervical cancer: (A) the PFS according to CPR, (B) the PFS according to ALB, (C) the PFS according to GLB, (D)
the PFS according to LDH, and (E) the PFS according to AGR. AGR indicates albumin-to-globulin ratio; ALB, albumin; CPR, cardiopulmonary
resuscitation; GLB, globulin; LDH, lactate dehydrogenase; PFS, progression-free survival; SIR, systemic inflammation response.
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Table 3. Univariate and Multivariate Logistic Regression Analyses of Resectable Cervical Cancer Risk Factors.

Risk Factors

Overall Survival (PFS)

Univariate Analysis Multivariate Analysis

OR (95% CI) P Value OR (95% CI) P Value

Age (>51.5 or �51.5 years) 1.046 (0.700-1.562) 0.630 – –
Tumor size (> 4 or � 4), cm 1.561 (1.039-2.346) 0.032a 1.424 (0.913-2.222) .119
Lymphonodus metastasis (have or none) 1.104 (0.738-1.652) 0.630 – –
FIGO stage (II or I) 1.615 (1.076-2.424) 0.021a 1.709 (1.114-2.621) .121
Differentiation (moderately, poorly or highly) 1.720 (1.142-2.592) 0.009b 1.682 (1.048-2.700) .014a

Pretreatment CRP level (>2.62 or �2.62), mg/L 1.721 (1.148-2.581) 0.009b 1.682 (1.048-2.700) .031a

Pretreatment ALB level (�42.1 or > 42.1), g/L 0.860 (0.575-1.287) 0.463 – –
Pretreatment GLB level (>27.7 or �27.7), g/L 0.919 (0.615-1.373) 0.680 – –
Pretreatment LDH level (>193 or �193), U/L 1.656 (1.107-2.478) 0.014a 1.759 (1.155-2.678) .009b

Pretreatment AGR level (>1.47 or �1.47) 1.077 (0.721-1.609) 0.716 – –
Post/preradiotherapy CRP ratio (>1 or �1) 1.773 (1.179-2.665) 0.006b 1.410 (0.875-2.272) .158
Post/preradiotherapy ALB ratio (>1 or �1) 0.835 (0.559-1.247) 0.379 – –
Post/preradiotherapy GLB ratio (>1 or �1) 0.516 (0.585-1.309) 0.516
Post/preradiotherapy LDH ratio (>1 or �1) 1.839 (1.204-2.810) 0.005b 1.514 (0.948-2.418) .080
Post/preradiotherapy AGR ratio (>1 or �1) 0.748 (0.500-1.121) 0.159 – –
Post/pretreatment CRP ratio (>1 or �1) 1.576 (1.050-2.367) 0.028a 1.423 (0.866-2.338) .164
Post/pretreatment ALB ratio (>1 or �1) 0.978 (0.657-1.482) 0.950 – –
Post/pretreatment GLB ratio (>1 or �1) 1.055 (0.706-1.578) 0.793
Post/pretreatment LDH ratio (>1 or �1) 1.032 (0.689-1.261) 1.544 – –
Post/pretreatment AGR ratio (>1 or �1) 0.805 (0.536-1.207) 0.293 – –

Abbreviation: AGR, albumin-to-globulin ratio; ALB, albumin; CRP, C-reactive protein; CI, confidence interval; FIGO, Federation of Gynecology and Obstetrics;
GLB, globulin; LDH, lactate dehydrogenase; OR, odds ratio; PFS, progression-free survival.
aP < .05.
bP < .01.

Table 2. Univariate and Multivariate Logistic Regression Analyses of Resectable Cervical Cancer Risk Factors.

Risk Factors

Overall Survival (OS)

Univariate Analysis Multivariate Analysis

OR (95% CI) P Value OR (95% CI) P Value

Age (>51.5 years or �51.5 years) 1.040 (0.618-1.752) .882 – –
Tumor size (> 4 or � 4), cm 1.433 (0.850-2.415) .176 – –
Lymphonodus metastasis (have or none) 1.553 (0.923-2.615) .098 – –
FIGO stage (II or I) 1.980 (1.170-3.353) .011a 1.748 (0.971-3.149) .063
Differentiation (highly or > moderately and poorly) 1.453 (0.854-2.473) .168 – –
Pretreatment CRP level (>2.62 or �2.62), mg/L 1.872 (1.099-3.188) .021a 1.959 (1.066-3.597) 0.030a

Pretreatment ALB level (�42.1 or >42.1), g/L 0.805 (0.477-1. 35) .417 – –
Pretreatment GLB level (> 27.7 or � 27.7), g/L 0.649 (0.382-1.102) .110 – –
Pretreatment LDH level (>193 or �193), U/L 1.994 (1.165-3.413) .012a 2.074 (1.202-3.581) .009b

Pretreatment AGR level (>1.47 or �1.47) 1.429 (0.838-2.434) .190 – –
Post/preradiotherapy CRP ratio (>1or �1) 1.781 (1.031-3.075) .038a 1.023 (0.544-1.921) .945
Post/preradiotherapy ALB ratio (>1or �1) 0.987 (0.584-1.668) .960 – –
Post/preradiotherapy GLB ratio (>1or �1) 0.948 (0.561-1.601) .841
Post/preradiotherapy LDH ratio (>1or �1) 1.428 (0.832-2.452) .196 – –
Post/preradiotherapy AGR ratio (>1or �1) 0.872 (0.518-1.469) .607 – –
Post/pretreatment CRP ratio (>1 or �1) 1.815 (1.053-3.128) .032a 2.081 (1.096-3.953) .025a

Post/pretreatment ALB ratio (> 1or � 1) 0.684 (0.407-1.151) .152 – –
Post/pretreatment GLB ratio (>1 or �1) 1.094 (0.648-1.849) .736
Post/pretreatment LDH ratio (>1 or �1) 0.748 (0.444-1.261) .276 – –
Post/pretreatment AGR ratio (>1 or �1) 0.558 (0. 321-0. 969) .038a 0.646 (0.365-1.145) .134

Abbreviations: AGR, albumin-to-globulin ratio; ALB, albumin; CI, confidence interval; CRP, C-reactive protein; FIGO, Federation of Gynecology and Obstetrics;
GLB, globulin; LDH, lactate dehydrogenase; OR, odds ratio; OS, overall survival.
aP < .05.
bP < .01.
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LDH ratio was correlated with worse PFS. Multivariate analy-

sis revealed that high baseline LDH level was independently

correlated with poor OS and PFS. Several mechanisms under-

lying the correlation between serum LDH level and outcomes

of patient with cancer have been proposed. Firstly, according to

the Warburg effect, a high serum LDH level reflects high rate

of glucose uptake and hypermetabolism of tumor cells, as well

as malignant aggressiveness.67 Secondly, upregulation of LDH

may lead to hypoxia-inducible factor 1a (HIF-a) cascade,

which promotes the secretion of VEGFs and facilitates angio-

genesis. Moreover, activated HIF-a in turn enhances LDH

activity, building a microenvironment in favor of tumor angio-

genesis and hematogenous metastasis.68 In view of these enum-

erated evidences, we reckoned that high serum LDH level

indicated unfavorable outcomes in cervical cancer. Actually,

in a retrospective study of Li et al, high baseline serum LDH

level was independently correlated with outcomes in patients

with locally advanced cervical cancer.21

However, the present study had several limitations. Firstly,

it was a retrospective study with relatively small sample size,

and all patients came from a single center. Secondly, HPV

screening was not routinely proceeded in the study and HPV

infection status of patients might be a source of heterogeneity.

Giving the mentioned limitations, further investigation and

multicenter study were required to confirm our results.

In summary, it is the first study to obtain an in-depth look at

the predictive value of a series of SIR-related present study,

high baseline CRP and LDH levels had an adverse impact on

PFS and OS. Moreover, not-increased post/preradiotherapy

CRP ratio, as well as post/pretreatment CRP ratio, was signif-

icantly correlated with better PFS and OS. Patients with not-

increased post/preradiotherapy LDH level had better PFS. Con-

sidering the mentioned parameters are routinely detected in

blood tests, we suggest that these convenient and inexpensive

clinical parameters can be incorporated in the routine practice

in cervical cancer and have a broad application prospect.
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