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Abstract: Objectives: There is increasing evidence that the presence of an inflammation-based prognostic score 
(modified Glasgow prognostic score, mGPS) could predict survival in patients with advanced cancer. The aim of 
this study was to investigate the prognostic value of mGPS in patients with cervical cancer. Methods: We included 
238 consecutive patients with cervical cancer in our study. The albumin and serum C-reactive protein (CRP) were 
measured before initiation of treatment. The relationships between the mGPS and other clinical parameters in-
cluding body mass index (BMI), white blood cell count, lymphocyte, platelet, hemoglobin, total bilirubin, aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) and lactate dehydrogenase (LDH) were analyzed. Overall 
survival (OS) and progression-free survival (PFS) were calculated. Significant prognostic factors were identified us-
ing univariate and multivariate analyses. Results: The 5-year OS rate for all patients was 52.1% and 5-year PFS rate 
was 42.3%. Patients with mGPS of 0, 1 and 2 were 138, 71, 29, respectively. Higher mGPS was related to more 
advanced disease, including higher FIGO stage, lymph node metastases and lower lymphocyte counts, BMI and 
hemoglobin level. Performance status (PS), FIGO stage, lymph nodal status and mGPS were independent prognostic 
indicators for OS and PFS in the multivariate analysis. Conclusions: Higher mGPS is associated with advanced cervi-
cal cancer. The mGPS is an easily measurable biomarker which can be used in combination with conventional FIGO 
stage to predict survival in patients with cervical cancer undergoing chemoradiotherapy.
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Introduction

Cervical cancer is the third most common can-
cer in women worldwide, with 85% of cases 
occurring in developing countries, and the peak 
incidence is in the 40-45 year age group [1, 2]. 
For patients with locally advanced cervical can-
cer, the current standard of care is primary 
chemoradiotherapy, consisting of external 
beam radiotherapy, brachytherapy and cisplat-
in-based chemotherapy [3]. There is marked 
heterogeneity in the duration of overall survival 
among patients with cervical cancer, despite 
the same stage. Therefore, there is much inter-
est in prognostic factors to permit more accu-
rate patient stratification, which will improve 
clinical decision making, and may contribute to 
more rational study design and analysis [4].

It is now recognized that not only the intrinsic 
properties of cancer cells influence the progres-
sion of cancer, but also the host-related factors. 
There is increasing evidence that inflammatory 
processes in the tumor microenvironment play 
an important role in the development of several 
tumors [5, 6]. Persistent human papillomavirus 
(HPV) infection, presenting a state of chronic 
inflammation, is the most important factor in 
the development of cervical cancer [7]. The 
inflammation-based Glasgow Prognostic Score 
(GPS) is a scoring system which combines albu-
min and C-reactive protein (CRP) into a risk 
stratification score for predicting clinical out-
come in patients with cancer [8]. Elevated CRP 
reflects a state of systemic inflammation, which 
is generally associated with high cancer risk 
and poor prognosis. Hypoalbuminemia is indi-
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cating the hypercatabolic state in cancer 
patients, caused by activated cytokines [9]. Re- 
cent studies have evaluated the value of mGPS 
for assessing cancer prognosis in several 
malignancies including breast cancer, colorec-
tal cancer, pancreatic cancer, gastric cancer, 
renal cancer, and lung cancer [4, 8, 10, 11]. 
However, few studies have reported the prog-
nostic value of the mGPS in patients with cervi-
cal cancer undergoing chemoradiotherapy.

The purpose of this study was to evaluate the 
association between mGPS and survival in cer-
vical cancer patients receiving chemoradio-
therapy. The relationship between mGPS and 
other relevant variables such as white blood 
cell count, neutrophilic granulocyte count, 
platelet count, hemoglobin, alanine amino-
transferase (ALT), aspartate aminotransferase 
(AST), lactate dehydrogenase (LDH) and biliru-
bin was also assessed. 

Methods

Ethics statement

Written informed consent from all patients and 
approval from the independent Institute Resear- 
ch Ethics Committee at Affiliated Cancer Hos- 
pital of Zhengzhou University were obtained.

Data collection

Between December 1st, 2004 and March 10th, 
2011, a total of 238 patients who were diag-
nosed with pathologically proven cervical can-
cer and primarily underwent chemoradiothera-
py at the Affiliated Cancer Hospital of Zhengzhou 
University in China were reviewed retrospec-
tively. The pretreatment work-up included the 
usual radiographs, laboratory analysis, and 
computed tomography or magnetic resonance 
imaging to evaluate the primary tumor extent 
and lymph nodal status. The patients were 
staged using the International Federation of 
Gynecology and Obstetrics (FIGO) stage sys-
tem. All patients underwent regular follow-up at 
our hospital. The date of last follow-up was 
October 31st, 2014. 

To evaluate the mGPS, blood test results from 
the day before treatment (or no more than 1 
week before treatment) were used. The mGPS 
is based on both CRP and albumin. Patients 

who had both elevated CRP (> 10 mg/L) and 
hypoalbuminurea (< 35 g/L) were assigned a 
score of 2. Patients with only elevated CRP (> 
10 mg/L) were assigned a score of 1. Patients 
with neither of these abnormalities were 
assigned a score of 0 [12].

Radiotherapy protocol and chemotherapy

External beam radiotherapy was administered 
using 6-10 MV X-rays. The large-field radiation 
dose was 40-45 Gy to the whole pelvis by either 
parallel-opposed anteroposterior or four-field 
box beams, with 1.8-2 Gy/fraction and five frac-
tions weekly. Para-aortic lymph nodes were not 
routinely included in the treatment field for 
patients without imaging findings of para-aortic 
lymphadenopathy. A small-field parametrial 
boost was given to a dose of up to 57.6-58 Gy 
using a parallel-opposed anteroposterior field 
with a 4-cm-wide midline block in patients with 
Stage IIB or greater disease [13]. The intracavi-
tary brachytherapy boost was given using a 
137Cs source. The typical dose to Point A was 
5.5-7.5 Gy/fraction for 4-5 fractions, with one 
fraction weekly. The median cumulative dose 
and biologically equivalent dose (BED) to Point 
A was 69 and 87.8 Gy, respectively, with the 
α/β ratio for tumor effects assumed to be 10 
Gy. 

Concurrent chemotherapy was administered 
using regimens that mainly included cisplatin, 
cisplatin plus 5-fluorouracil or cisplatin plus 
docetaxel. Chemotherapy was given with intra-
venous cisplatin 40 mg/m2 once a week during 
the external beam radiotherapy in 143 patients. 
Sixty-two patients were treated with two cycles 
of 60 mg/m2 docetaxel and 80 mg/m2 cisplatin 
during the external beam radiotherapy. Another 
33 patients were treated with two cycles of 80 
mg/m2 cisplatin and 500 mg/m2 5-fluorou- 
racil. 

Statistical analysis

Continuous data are presented as mean ± 
standard deviation (SD). The chi-square test, 
Student’s t-test and Mann-Whitney U test were 
used to compare data between mGPS and clini-
cal variables. Overall survival (OS) and progres-
sion-free survival (PFS) were the study end-
points. Survival analysis was performed using 
the Kaplan-Meier method, and the differences 
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were analyzed using the log-rank test. The 
three categories of mGPS (0, 1, 2) were ana-
lyzed using pairwise comparisons, with the 
P-value set at 0.017 (0.05/3) according to 
Hochberg’s step-up method. Multivariate analy-
ses using the Cox proportional hazards model 
were used to calculate hazard ratios and to test 
independent significance by backward elimina-
tion of non-significant explanatory variables. 
P-values were determined using two-sided 
tests and P < 0.05 was considered statistically 
significant. All statistical analyses were per-
formed using SPSS 16.0 software (SPSS Inc., 
Chicago, IL, USA).

Results

Patient characteristics

Patients’ characteristics are shown in Table 1. 
Of the 238 patients, 214 (89.9%) had squa-
mous cell carcinoma, 20 (8.4%) had adenocar-
cinoma and other 4 (1.7%) patients had adeno-
squamous carcinoma. The median age of the 
patients was 52.0 years (range, 34-70 years). 
Mean CRP and albumin serum levels were 15.7 
mg/L and 41.1 g/L, respectively. There were 
138 (58.0%) patients with mGPS 0, 71 (29.8%) 
patients with mGPS 1 and 29 (12.2%) patients 
with mGPS 2. The median duration of follow-up 
for patients who were alive at the time of the 
most recent follow-up was 42.0 months (range, 
15-91 months).

Correlation of mGPS with clinicopathological 
parameters

As shown in Table 2, a significant association 
between mGPS and FIGO stage, lymph nodal 
status and hemoglobin level was ascertained. 
Patients with higher mGPS presented with 
more advanced disease, including higher FIGO 
stage, lymph node metastases and lower 
hemoglobin level. Eighty-five of the 131 patients 
(64.9%) with stages III-IV disease were with 
mGPS 0, whereas only 53 of the 107 patients 
(49.5%) with stages I-II disease were with mGPS 
0 (P < 0.001). The proportion of lymph node 
metastases in patients with mGPS 2 was sig-
nificantly higher than patients with mGPS 0 or 
58.6% (17 of 29) compared to 27.5% (38 of 
138; P = 0.003). No significant relationship was 
found between the mGPS and age, concurrent 
chemotherapy, histological type or radiothera-
py duration (Table 2).

The relationship between mGPS and relevant 
continuous variables is shown in Table 3. 
Patients with mGPS ≥ 1 had lower lymphocyte 
counts, body mass index (BMI) and hemoglobin 
level compared to those with mGPS 0. In con-
trast, the mean lactate dehydrogenase (LDH) 
counts in patients with mGPS ≥ 1 were higher 
than those with mGPS 0. There was no signifi-
cant difference in the white blood cell counts, 
platelet, AST, ALT and total bilirubin levels 
between patients with mGPS 0 and patients 
with mGPS ≥ 1.

Table 1. Baseline characteristics of patients 
(N = 238)
Characteristic No. of patients (%)
Age (years), median (range) 52 (34-70)
Albumin (g/L)
    ≥ 35 209 (87.8%)
    < 35 29 (12.2%)
C-reactive protein (mg/L)
    < 10 131 (55.0%)
    ≥ 10 107 (45.0%)
ECOG performance status
    0-1 211 (88.7%)
    2-3 27 (11.3%)
FIGO stage
    IB1 3 (1.2%)
    IB2 10 (4.2%)
    IIA 19 (8.0%)
    IIB 99 (41.6%)
    IIIA 32 (13.4%)
    IIB 68 (28.6%)
    IVA 7 (2.9%)
Lymph nodal status
    Negative 164 (68.9%)
    Positive 74 (31.1%)
Histological type
    Squamous cell carcinoma 214 (89.9%)
    Adenocarcinoma 20 (8.4%)
    Adenosquamous carcinoma 4 (1.7%)
Radiotherapy duration (week)
    ≤ 9 182 (76.5%)
    > 9 56 (23.5%)
Concurrent chemotherapy
    PDD 143 (60.0%) 
    PDD + 5-Fu 33 (13.9%)
    PDD + Docetaxel 62 (26.1%)
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Clinical predictors of OS and PFS

The 5-year OS rate for the entire cohort was 
52.1% and the 5-year PFS rate was 42.3%. The 
median OS time for all patients was 45.0 
months and the median PFS time was 41.0 
months.

Variables which were predictors of OS using 
univariate analysis included performance sta-
tus (P < 0.001), FIGO stage (P = 0.001), lymph 
nodal status (P < 0.001), concurrent chemo-
therapy (P = 0.002), albumin level (P < 0.001), 
CRP level (P < 0.001), mGPS (P < 0.001) and 
hemoglobin level (P = 0.014) as shown in Table 
4. Age, histological type, radiotherapy duration, 
platelet level, total bilirubin and LDH level were 
not significant predictors of OS. Performance 
status (P < 0.001), FIGO stage (P = 0.002), 
lymph nodal status (P = 0.001), concurrent che-
motherapy (P < 0.001), albumin level (P < 
0.001), CRP level (P < 0.001), mGPS (P < 0.001) 

ysis. Multivariate analysis revealed that perfor-
mance status (HR 0.362, 95% CI 0.219-0.597; 
P < 0.001), FIGO stage (HR 1.963, 95% CI 
1.329-2.902; P = 0.001), lymph nodal status 
(HR 2.124, 95% CI 1.428-3.160; P < 0.001) 
and mGPS (HR 1.820, 95% CI 1.378-2.404; P < 
0.001) were independent factors affecting OS 
in patients with cervical cancer. Performance 
status (HR 0.413, 95% CI 0.254-0.673; P < 
0.001), FIGO stage (HR 1.826, 95% CI 1.287-
2.592; P = 0.001), lymph nodal status (HR 
1.831, 95% CI 1.272-2.636; P = 0.001), and 
mGPS (HR 1.642, 95% CI 1.272-2.120; P < 
0.001) were independent factors affecting PFS 
in patients with cervical cancer (Table 5).

Discussion

To our best knowledge, it is the first study to 
explore the prognostic value of the mGPS in 
patients with cervical cancer undergoing 
chemoradiotherapy. In this study, we revealed 

Table 2. Relationship between mGPS and clinical characteris-
tics
Characteristic mGPS P

mGPS 0 mGPS 1 mGPS 2
Total 138 (58.0%) 71 (29.8%) 29 (12.2%)
Age (years) 0.827
    ≤ 50 62 (26.1%) 34 (14.3%) 12 (5.0%)
    > 50 76 (31.9%) 37 (15.5%) 17 (7.1%)
FIGO stage < 0.001
    I-II 85 (35.7%) 41 (17.2%) 5 (2.1%)
    III-IV 53 (22.3%) 30 (12.6%) 24 (10.1%)
Lymph nodal status 0.003
    Negative 100 (42.0%) 52 (21.8%) 12 (5.0%)
    Positive 38 (16.0%) 19 (8.0%) 17 (7.1%)
Histological type 0.232
    SCC 128 (53.8%) 61 (25.6%) 25 (10.5%)
    Non-SCC 10 (4.2%) 10 (4.2%) 4 (1.7%)
Hemoglobin level 0.002
    < 110 g/L 6 (2.5%) 9 (3.8%) 7(2.9%)
    ≥ 110 g/L 132 (55.5%) 62 (26.1%) 22 (9.2%)
Chemotherapy 0.857
    PDD 80 (33.6%) 45 (18.9%) 18 (7.6%)
    PDD + 5-Fu 20 (8.4%) 8 (3.4%) 5 (2.1%)
    PDD + Docetaxel 38 (16.0%) 18 (7.6%) 6 (2.5%)
RT duration (week) 0.474
    ≤ 9 105 (44.1%) 57 (23.9%) 20 (8.4%)
    > 9 33 (13.9%) 14 (5.9%) 9 (3.8%)
SCC: squamous cell carcinoma.

and hemoglobin level (P = 0.006) 
were significantly associated with 
PFS. The univariate survival analy-
sis is presented in Table 4.

Elevated serum CRP (≥ 10 mg/L) 
and hypoalbuminemia (< 35 g/L) 
were associated with shorter OS 
and PFS in univariate analysis 
(Figures 1 and 2). When these 
variables were scored as a com-
bined index (mGPS), the total 
score provided good stratification 
of the patients in terms of survival 
(P < 0.001, Figure 3). The 5-year 
OS rates for patients with an 
mGPS of 0, 1 and 2 were 62.3%, 
46.2% and 20.1%, respectively. 
The 5-year PFS rates for patients 
with an mGPS of 0, 1 and 2 were 
50.2%, 34.8% and 17.2%, respec-
tively. An increase in the mGPS 
correlated significantly with gradu-
al reductions in PFS and OS. 

To identify independent prognostic 
factors, the factors that were 
found to be significant in univari-
ate analysis were included in mul-
tivariate analysis. As there is dupli-
cation between albumin, CRP and 
the mGPS, only the mGPS was 
entered into the multivariate anal-
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that mGPS was an independent prognostic fac-
tor in patients with cervical cancer. Besides 
determining a prognostic value of mGPS, we 
also correlated mGPS with clinicopathologic 
parameters and found that a higher mGPS was 
found more often in patients with advanced 
FIGO stage, lymph node metastases and lower 
hemoglobin level.

Higher serum CRP concentration has been 
shown to associate with tumor stage in various 
malignancies including cervical cancer [14-16]. 
The mechanisms by which systemic inflamma-
tion reduces survival may be affected by sev-
eral confounding factors. Firstly, a peritumoral in- 
flammatory infiltrate can promote the tumor 
progression [5]. The systemic inflammatory 

reflecting a progressive nutritional decline in 
patients with cancer and is associated to can-
cer-related cachexia. The diagnostic criteria for 
cachexia included albumin < 35 g/L [25]. In 
addition, the development of hypoalbuminemia 
is often secondary to a systemic inflammatory 
response and hypoalbuminemia in itself reflect-
ed a systemic inflammatory response [23, 26]. 
In this study, hypoalbuminemia (< 35 g/L) was 
correlated with poorer OS and PFS in patients 
with cervical cancer (5 year OS: P < 0.001; 5 
year PFS: P < 0.001). 

The mGPS, based on a combination of elevated 
CRP (> 10 mg/L) and hypoalbuminemia (< 35 
g/L), is indicative of both a systemic inflamma-
tory response and a nutritional decline [27], 

Table 3. Relationship between mGPS and relevant continuous vari-
ables

mGPS = 0 mGPS ≥ 1 P
Body mass index (BMI) 21.74 ± 4.10 21.32 ± 2.84 0.036
White blood cell (WBC, count/L) 7.02 ± 1.84 7.48 ± 2.34 0.146
Lymphocyte (count/L) 2.28 ± 0.58 1.64 ± 0.39 < 0.001
Hemoglobin (g/L) 138.5 ± 13.2 121.9 ± 16.2 0.018
Platelet (count/L) 249.2 ± 87.1 246.7 ± 72.7 0.807
Aspartate aminotransferase (AST, U/L) 24.2 ± 12.1 23.5 ± 9.5 0.402
Alanine aminotransferase (ALT, U/L) 20.8 ± 12.9 19.6 ± 10.8 0.274
Total bilirubin (mg/dL) 11.5 ± 3.9 11.4 ± 4.9 0.498
Lactate dehydrogenase (LDH, U/L) 169.5 ± 29.3 179.7 ± 42.9 0.010
Continuous data were presented as mean ± standard deviation. 

Table 4. Univariate analysis of prognostic factors

Variables No. OS  
P-value

PFS  
P-value

Age (≤ 50/> 50 years) 108/130 0.425 0.579
PS (≤ 1/> 1) 211/27 < 0.001 < 0.001
FIGO stage (I-II/III-IV) 131/107 0.001 0.002
LN status (Negative/Positive) 164/74 < 0.001 0.001
Histological type (SCC/non-SCC) 214/24 0.753 0.704
RT duration (≤ 9/> 9 weeks) 182/56 0.641 0.902
Chemotherapy (PDD/DP/PF) 143/62/33 0.002 < 0.001
mGPS (0/1/2) 138/71/29 < 0.001 < 0.001
Albumin (≥ 35/< 35 g/L) 209/29 < 0.001 < 0.001
CRP (< 10/≥ 10 mg/L) 138/100 < 0.001 < 0.001
Hemoglobin (< 11/≥ 11 g/dL) 22/216 0.014 0.006
Plt (≥ 200,000/< 200,000/dL) 181/57 0.240 0.426
TB (≤ 1.1/> 1.1 mg/dL) 114/124 0.798 0.707
LDH (≥ 170/< 170 U/L) 114/124 0.120 0.730
PS: performance status; LN: lymph node; RT: radiotherapy; CRP: C-reac-
tive protein; Plt: platelet; TB: total bilirubin; LDH: lactate dehydrogenase.

response could support 
the proliferation of malig-
nant cells, promote angio-
genesis and metastasis, 
and subvert adaptive im- 
mune responses [5, 17, 
18]. Secondly, the system-
ic inflammatory response 
and concomitant nutrition-
al decline reduces patient 
tolerance to treatment tox-
icities and diminishes 
compliance with treat-
ment [19]. In addition, the 
association of elevated 
serum CRP levels can im- 

pair the T-lymphocytic response to 
cancer [20], while the intratumoral 
CD8 (+) T cell infiltrations is a favor-
able prognostic factor by promoting 
proliferative activity and IFN-γ secre-
tion [21]. At last, elevated acute-phase 
response proteins, especially CRP, 
could lead to cancer-related cachexia 
[22]. In this study, elevated serum 
CRP (≥ 10 mg/L) was correlated with 
poorer OS and PFS in patients with 
cervical cancer (5 year OS: P < 0.001; 
5 year PFS: P < 0.001).

Parallel to the increase in serum CRP 
level, hypoalbuminemia has been 
observed in various types of tumors 
and verified to be a negative prognos-
tic factor [23, 24]. The association 
between hypoalbuminemia and a 
reduced survival in patients with cer-
vical cancer is influenced by several 
factors. Firstly, hypoalbuminemia is 
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which could stratify the prognosis of cancer 
patients better. To date, the mGPS has been 
shown to be a prognostic factor, independent 
of TNM stage, including lung, gastrointestinal, 
and colorectal cancer [12, 19, 28, 29]. 

In this study, increasing mGPS correlated with 
more aggressive tumor biology in terms of 
tumor size, presence of lymph node metasta-
ses and lower hemoglobin level. This is consis-
tent with the previous reports [18]. Moreover, in 
multivariate survival analysis of our study, 
mGPS remained an independent prognostic 
factor besides FIGO stage, performance status 
and lymph node involvement. However, the 

assessment of FIGO stage is still largely based 
on physical examination. The limitations of clin-
ical FIGO staging are well appreciated as over-
diagnosis and underdiagnosis occur [18]. 
Therefore, the mGPS could offer a simple, 
objective and well standardized pre-treatment 
assessment which can aid in the selection of 
the optimum treatment strategy and could be 
used in combination with conventional FIGO 
staging to predict survival in patients with cervi-
cal cancer.

Previous studies revealed that decreased Hb 
levels was associated with poor local control 
and could reflect an impaired overall survival in 

Figure 1. Overall survival (A) and progression-free survival (B) curve in patients with CRP ≥ 10 mg/L vs. CRP < 10 
mg/L.

Figure 2. Overall survival (A) and progression-free survival (B) curve in patients with normal vs. lower pretreatment 
albumin(< 35 g/L) levels.
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patients with cervical cancer [2]. In this study, 
anemia was found to be related to decreased 
OS and PFS at univariate but not at multivariate 
analysis. The pretreatment anemia could be a 
reflection of the disease process itself, rather 
than the treatment, and could be caused by 
bleeding or growth factor inhibitors associated 
with the tumor.

Although we were able to demonstrate a signifi-
cant prognostic value of mGPS for long-term 
outcome in patients with cervical cancer, our 
study is biased by its retrospective nature. And 
the study was conducted in a single institution. 
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