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Abstract: Objectives: C-reactive protein (CRP) based prognostic scores including the modified Glasgow Prognostic
Score (MGPS), prognostic index (Pl) and CRP/albumin ratio have been reported to be associated with survival in
cancer patients. The aim of this study was to compare the prognostic value of these CRP-based prognostic scores in
patients with hepatitis B virus-related hepatocellular carcinoma (HCC). Methods: A total of 203 patients diagnosed
with HCC were respectively evaluated between January 2005 and December 2012. Patients were divided according
to the modified Glasgow prognostic score (mGPS), prognostic index (Pl) and CRP/albumin ratio. The receiver operat-
ing curves (ROC) were generated and the area under the curve (AUC) was calculated to compare the discriminatory
ability of each prognostic score. Significant prognostic factors associated with overall survival (OS) were identified
using univariate and multivariate analyses. Results: The median follow-up period was 19.0 months and three-year
OS of all patients was 29.7%. The mGPS, CRP/Albumin ratio, CLIP score and vascular invasion were independent
prognostic indicators for OS in the multivariate analysis. The mGPS consistently had a higher AUC value at 6 mo
(0.771), 12 mo (0.775), and 24 mo (0.673) in comparison with other CRP-based scores. Conclusions: The mGPS is
an independent factor for OS in patients with HBV-related HCC and is superior to the other CRP-based prognostic
scores. The mGPS could be used in combination with conventional stage system to predict survival in these patients.

Keywords: Prognostic score, the modified Glasgow prognostic score, CRP/albumin ratio, prognostic index, hepato-
cellular carcinoma

Introduction

Hepatocellular carcinoma (HCC) is one of the
most prevalent malignancies worldwide and
the third leading cause of cancer-related de-
aths, with an age-adjusted worldwide annual
incidence of 5.5-16 persons per 100,000 pop-
ulation [1-3]. The chronic hepatitis viral (HBV)
infection is the main causal factor in the devel-
opment of HCC in the world, especially in China
[3]. More than 50% of HCC arise in the context
of chronic liver disease [3, 4]. In contrast to
other malignant tumors, both the tumor burden
and patient’s liver function could influence the
prognosis of HCC [5, 6]. The 5-year overall sur-
vival (OS) rate for HCC patients was only about
5-6% [7] and a proportion of patients will deve-

lop local relapse and/or distant metastases,
who had have a poorer prognosis. Therefore,
identifying easily obtainable factors with prog-
nostic value in HCC patients may help improve
their clinical outcomes.

It is recognized that not only the intrinsic prop-
erties of cancer cells influence the progression
of cancer, but also the host-related factors.
Investigators have demonstrated that the pres-
ence of a systemic inflammation response, as
evidenced by an elevated C-reactive protein
(CRP) concentration, is associated with poor
outcome in patients with various types of can-
cer, including HCC [8-10]. Recently, several
studies have shown that CRP-based progno-
stic scores including the modified Glasgow
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Table 1. Baseline characteristics of patients (N=203)

Characteristic

Age (median, years)

Sex (male/female)

White cell count (x10°/L)
Neutrophil count (x10°/L)
AST (U/L)

ALT (U/L)

AFP (ng/mL)

TB (mmol/L)

Albumin (g/L)

CRP (mg/L)

Hemoglobin (g/dL)

PLT (x10°/L)

Maximal tumour diameter (mm)
Tumor number (solitary/multiple)
TNM stage (I/11/111/1V)
Child-Pugh grade (A/B)
CLIP score (0/1/2/3/4/5)
BCLC stage (A/B/C)
mGPS (0/1/2)

P1(0/1/2)

CRP/Albumin ratio

55 (37-79)
155/48
7.3 (2.5-19.5)
4.6 (1.4-13.7)
50.5 (18.7-405.9)
485 (11.0-375.8)
19622.2 (2.5-795863.2)
16.5 (3.2-186.0)
37.5(22.8-48.1)
4.1 (0.2-86.4)
138 (85-176)
241 (95-608)
64 (25-185)
69/134
20/58/89/36
181/22
15/52/83/46/7
9/109/85
130/48/25
115/74/14
0.14 (0.02-2.16)

Abbreviations: AST, asparate aminotransferase; ALT, Alanine ami-
notransferase; AFP, Alpha-fetoprotein level; TB, total bilirubin; CRP,
C-reactive protein; PLT, platelet; CLIP, Cancer Liver Italian Program;
BCLC, Barcelona Clinic Liver Cancer; mGPS, modified Glasgow

prognostic score; PI, Prognostic Index.

Prognostic Score (MGPS), the prognostic index
(Pl) and CRP/albumin ratio had a prognostic
role in HCC patients [11, 12]. These CRP-based
prognostic scores could be useful markers in
clinical practice considering that they are easily
accessible, inexpensive and quite simple tools.
However, it has not been clear which CRP-
based prognostic score is the most important
prognostic factor in HCC patients. Therefore,
this study aimed to compare the prognostic
value of these CRP-based prognostic scores
(mGPS, PI, and CRP/albumin ratio) in patients
with HBV-related HCC.

Materials and methods
Patient characteristics

Patients with HBV positive who were newly
diagnosed HCC at the Affiliated Hospital of
Binzhou Medical University between January
1st, 2005 and December 31st, 2012 were
enrolled. The medical records were retrospec-
tively reviewed. A total of 203 HCC patients
with HBV positive were finally included in the
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study and evaluated. The research was
approved by the Institutional Review Board
of the Affiliated Hospital of Binzhou Medical
University, and written informed consent
was obtained.

The diagnosis of HCC was based on the
diagnostic criteria for HCC applied by the
American Association for the Study of the
Liver guidelines [13]. HCC was diagnosed
by at least two radiologic images which
showed the characteristic features of HCC
or one radiologic image showing character-
istic features of HCC accompanied persis-
tent elevated serum alpha-fetoprotein (AFP
>400 ng/mL) or histopathologic evidence.
Tumor-related variables, such as the maxi-
mum tumor diameter, tumor number and
vascular invasion were also evaluated. The
Barcelona Clinic Liver Cancer (BCLC) stage
and Cancer Liver ltalian Program (CLIP)
score were calculated based on these
imaging data and other obtained variab-
les.

Treatment and patient’s follow-up

The criteria for surgical resection were

presence of solitary lesion, no main portal

vein trunk involvement, no distant metas-

tasis and Child-Pugh grade A. Radiofre-

quency ablation (RFA) or percutaneous et-
hanol injection (PEl) with/without transcatheter
arterial chemoembolization (TACE) was per-
formed for patients with lesions <3 cm in size
and <3 in number. Transcatehter arterial che-
moembolization (TACE) or lipiodol-transcathe-
ter arterial infusion (TAl) was performed in
patients with more than four lesions or larger
than 3 cm in size. Systemic chemotherapy or
targeted therapy including sorafenib was ad-
ministered to patients with distant metastasis
and preserved liver function.

All patients were carefully followed after the ini-
tial treatment. Physical examination, abdomi-
nal CT scans and blood tests for AFP and liver
function were performed at three month inter-
vals during the first two years, then every 6
months. The date of last follow-up was Sep-
tember 2015.

CRP-based prognostic scores

Complete blood samples were obtained for
CRP, serum albumin, total bilirubin (TB), alanine
aminotransferase (ALT), asparate aminotrans-
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Table 2. Univariate and multivariate analysis of prognostic factors for over-
all survival in hepatitis B virus-related HCC patients

from the CRP level
divided by the serum

albumin level [16-18].
No patients showed

clinical signs of se-

. Univarigte Multivariate analysis
Variable analysis
P value HR (95% Cl) P value
Age (<55/>55 years) 0.562
Sex (male/female) 0.008
WBC (£11/>11%10°%/L) 0.023
PLT (>200,000/<200,000/dL) 0.838
Hemoglobin (12/<12 g/dL) 0.236
TB (£20.5/>20.5 mmol/L) <0.001
AST (>2/<2x normal limit) 0.118
ALT (22/<2x normal limit) 0.027
Albumin (=35/<35 g/L) <0.001
CRP (<10/210 mg/L) <0.001
AFP (>400/<400 ng/ml) <0.001
ALP (£110/>110 1U/L) 0.189
LDH (>170/<4170 U/L) 0.238
mGPS (0/1/2) <0.001 3.763 (1.677-8.443) 0.001
P1(0/1/2) <0.001
CRP/Albumin ratio (<0.21/>0.21) <0.001 2.887(2.011-4.144) 0.007
Child-Pugh grade (A/B) 0.027
CLIP score (0-2/3-5) <0.001
BCLC stage (A/B/C) <0.001
Tumor number (solitary/multiple) 0.017
Vascular invasion (absent/present) <0.001 1.969 (1.179-3.287) 0.010
Maximal tumor diameter (=50/<50 mm) <0.001
TNM stage (I-I/11I-1V) <0.001

vere infection at the
time of diagnosis in
this study.

Statistical analysis

Categorical variables
are presented as the
number and continu-
ous variables are pre-
sented as the medi-
an and range. The OS
was calculated from
the date of the diag-
nosis to the date of
death or censored at
the date of final fol-
low-up. Survival anal-
yses were carried out

1.986 (1.028-2.478) 0.021 by the Kaplan-Meier

method and differen-
ces in survival rates
between the groups
were compared by a
log-rank test. Varia-
bles that were signi-

Abbreviations: HR, hazards ratio; 95% Cl, 95% confidence interval; WBC, white blood cell; PLT,
platele; TB, total bilirubin; AST, asparate aminotransferase; ALT, Alanine aminotransferase;
CRP, C-reactive protein; AFP, Alpha-fetoprotein level; ALP, alkaline phosphatase; LDH, lactate
dehydrogenase; mGPS, modified Glasgow prognostic score; Pl, Prognostic Index; CLIP, Cancer

Liver Italian Program; BCLC, Barcelona Clinic Liver Cancer.

ferase (AST), white blood cell count (WBC),
platelet count (PLT) and AFP at the time of diag-
nosis before any treatment modality was given.
The mGPS was calculated using CRP and serum
albumin levels. A score of 2 indicated elevated
CRP (>10.0 mg/L) and low albumin (<35 g/L), a
score of 1 indicated elevated CRP (>10.0 mg/L)
without hypoalbuminemia and O indicated nor-
mal CRP with or without hypoalbuminemia [14].
The PI combines CRP and white cell count.
Patients with both elevated CRP (>10.0 mg/L)
and elevated white cell count (>11x10°%/L) were
allocated a score of 2. A score of 1 indicated
that elevated CRP (>10.0 mg/L) with normal
white cell count or elevated white cell count
(>11x10°%/L) with normal CRP and O indicated
normal CRP and normal white cell count [12,
15]. The CRP/albumin ratio was calculated
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ficant in the univari-
ate analysis (P<0.10)
were included into
multivariate Cox pro-
portional hazard mo-
del. The optimal cut-
off level of CRP/albumin ratio was determined
by a receiver operating characteristics (ROC)
curve. The area under the curve (AUC) was also
calculated to evaluate the discriminatory ability
of each prognostic scores. The statistical analy-
ses were performed using SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA). All tests were two-
sided and a P value <0.05 was considered sta-
tistically significant.

Results
Patient characteristics

The clinicopathological characteristics of the
patients are described in Table 1. The median
age of the whole cohort was 55 (range 37-79)
years. The majority of the patients were males
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(n=155, 76.4%) and 181 patients (89.2%) had
a good liver functional reserve with Child-Pugh
A grade. Seventy-eight patients (38.4%) were
classified as stage I/1l. Surgical liver resection
was administered in 23 (11.3%) patients, TACE
or RFA were performed in 156 (76.8%) patients.

In this study, forty-eight patients (23.6%) had
hypoalbuminemia (serum albumin <35 g/L)
and73 (36.0%) patients had an elevated CRP
level (>10 mg/L). One hundred and thirty
patients (64.0%) had a mGPS of 0O, 48 patients
(23.6%) had a mGPS of 1 and 25 patients
(12.3%) had a mGPS of 2, respectively. One
hundred and fifteen patients (56.7%), seventy-
four patients (36.5%) and fourteen patients
(6.9%) allocated to PI O, 1 and 2, respectively.
The median CRP/Albumin ratio was 0.14 (ran-
ge, 0.02-2.16) and the optimal cutoff levels for
CRP/Albumin ratio was 0.21 for OS according
the ROC curves.
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Survival analysis and prognostic factors

The median follow-up period was 19.0 (ranging
from 2 to 80 months) months. During the fol-
low-up, 151 patients had died of cancer. The
one-, two-, and three-year OS of the whole
cohort was 75.5%, 48.8%, and 29.7% respec-
tively. The median OS was 24.0 months.

The univariate and multivariate analyses of
prognostic factors for OS are shown in Table 2.
The univariate analysis revealed that sex, WBC,
TB, ALT, serum albumin, CRP level, AFP, mGPS,
Pl, CRP/Albumin ratio, Child-Pugh grade, CLIP
score, BCLC stage, tumor number, vascular
invasion, maximal tumor diameter, TNM stage
were significantly associated with 0S. In this
study, increasing mGPS and Pl were significant-
ly correlated with gradual decrease in OS for
HCC patients. The 3-year OS rates for patients
with mGPS score of O, 1, 2 were 43.6%, 23.8%,
0.4%, respectively (P<0.001; Figure 1A). The
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Table 3. Comparison of the areas under the
curves for the CRP-based prognostic scores

Period AUC 95% Cl P value
6 months’ follow-up
mGPS 0.771 0.658-0.885 <0.001
Pl 0.756 0.653-0.858 <0.001
CRP/Alb ratio
Continuous 0.712 0.601-0.824 0.001

Dichotomized 0.707 0.599-0.816 0.001
12 months’ follow-up

mGPS 0.775 0.694-0.856 <0.001
PI 0.726 0.647-0.804 <0.001
CRP/Alb ratio

Continuous 0.754 0.675-0.833 <0.001

Dichotomized 0.740 0.662-0.819 <0.001
24 months’ follow-up

mGPS 0.673 0.601-0.746 <0.001
Pl 0.658 0.582-0.734 <0.001
CRP/Alb ratio

Continuous 0.665 0.590-0.740 <0.001

Dichotomized 0.675 0.601-0.750 <0.001

Abbreviations: AUC, area under the curve; 95% Cl, 95%
confidence interval; mGPS, modified Glasgow prognostic
score; Pl, Prognostic Index.

3-year OS rates for patients with Pl of O, 1, 2
were 44.6%, 21.0%, 0.8%, respectively (P<
0.001; Figure 1B). Compared to patients with a
CRP/Albumin ratio <0.21, the OS rates were
significantly poorer in patients with a CRP/
Albumin ratio >20.21 (3-year 0S: 14.4% vs.
43.7%, P<0.001; Figure 1C).

Variables that were statistically significant in a
univariate analysis were included further into a
multivariate analysis. The multivariate analysis
of these significant variables revealed that the
mGPS (hazard ratio [HR] 3.763, 95% confi-
dence interval [Cl] 1.677-8.443, P=0.001),
CRP/Albumin ratio (HR 2.887, 95% Cl 2.011-
4.144, P=0.007), CLIP score (HR 1.986, 95%
Cl 1.028-2.478, P=0.021) and vascular inva-
sion (HR 1.969, 95% CI 1.179-3.287, P=0.010)
were independent factors affecting OS in HCC
patients (Table 2).

Prognostic validity of the CRP-based prognos-
tic scores

ROC curves were calculated for the survival
status at the 6-, 12-, and 24-month follow-up
examinations, and the AUC values were used to
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compare the prognostic validity of each CRP-
based prognostic score (Table 3; Figure 2). The
mGPS consistently had a higher AUC value at
6 month (0.771), 12 month (0.775), and 24
month (0.673) in comparison with other CRP-
based prognostic scores.

Discussion

To our best knowledge, this is the first study to
evaluate the prognostic value of CRP-based
prognostic scores (MGPS, Pl, and CRP/Albumin
ratio) in HBV-related HCC patients. This study
demonstrated that the mGPS was an indepen-
dent marker of poor prognosis in these patients
and was superior to Pl and CRP/Albumin ratio in
terms of prognostic ability for OS.

The process of carcinogenesis in HCC patients
was associated with inflammation [19, 20]. As
the predominant etiology of HCC, HBV infection
accounted for over 80% of the caseload in East
Asia [21, 22]. It is increasingly recognized that
host inflammatory response, evidenced by an
elevation of the serum CRP level, has an impor-
tant role in development and prognosis of HBV-
related HCC patients [23-26]. CRP is one of the
acute phase inflammatory mediators synthe-
sized predominantly by hepatocytes under the
control of interleukin-6. Elevated CRP levels
were associated with an increased risk for sev-
eral types of malignancies and could influence
prognosis [27, 28]. The mechanism that system
inflammation influenced inversely cancer sur-
vival may be associated with immune dysfunc-
tion, nutritional decline, angiogenesis, up-regu-
lation of growth factors [29, 30].

The CRP-based prognostic scores (mGPS, PI,
and CRP/Albumin ratio) were based on limited
laboratory data and they could be simple, con-
ventionally available, and well standardized
tools in HCC patients. The mGPS, which com-
bined both elevated levels of CRP (>10 mg/L)
and hypoalbuminemia (<35 g/L), could be
indicative of underlying systemic inflammatory
response and a nutritional decline. Proctor et
al. suggested that mGPS could be included in
routine assessment of all patients with cancer
by a retrospective analysis of 27,031 cancer
patients [12]. The concept of CRP/Albumin ra-
tio was first proposed by Fairclough et al [18].
Akiyoshy et al. revealed that CRP/Albumin ratio
was an independently prognostic factor in HCC
patients [16]. In this study, the univariate analy-
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sis showed that mGPS, Pl and CRP/Albumin
ratio had a prognostic role in OS of HBV-related
HCC patients. The multivariate analysis demon-
strated that mGPS and CRP/Albumin ratio were
independently associated with the 0S. Our
results were consistent with previous studies
[11, 12, 31]. Kinoshita et al [11] compared the
prognostic value of these inflammation scores
in 150 HCC patients with various TNM stages
and revealed that GPS was an independently
prognostic marker of poor prognosis in HCC
patient. There were several possible mecha-
nisms to explain the prognostic value of CRP-
based prognostic scores in cancer patients.
Firstly, the sustained systemic inflammatory
response could create conditions that favor
tumor growth, angiogenesis, invasion, and me-
tastases through recruitment of regulatory T
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Figure 2. Comparison of the areas
under the receiver operating curves
for overall survival prediction among
the CRP-based prognostic scores at 6
months, 12 months, and 24 months.

lymphocytes and chemokines, activation of
IL-6 and angiogenic factors and chemokines.
IL-6 is an important pro-inflammatory cytokine
during the development of cancer and closely
correlates with elevation of the CRP in HCC
patients [16]. The change of microenvironment
could induce subversion of adaptive immune
response, and aberration of response to che-
motherapy drugs [32]. Secondly, the existence
of hypoalbuminemia, often secondary to a sys-
temic inflammatory response, reflect a state of
impaired immunity and poor nutrition [33] and
could also reduce patient tolerance to treat-
ment-related toxicities [34].

To further evaluate the discrimination ability of
the CRP-based prognostic scores, the ROC
analysis was performed to compare the AUC
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value. The mGPS had a higher AUC value than
other markers (6 months: 0.771; 12 months:
0.775; 24 months: 0.673). The current study
revealed that mGPS was superior to other CRP-
based prognostic scores in terms of prognostic
ability for OS in HBV-related HCC patients. Our
results were consistent with previous studies.
Proctor et al. undertook retrospective analyses
of 27,031 cancer patients and reported that
mGPS had the greatest AUC when compared
with other inflammation-based prognostic sc-
ores [12]. Notably, our findings might have
important value in the therapy of HCC. Patients
with an elevated mGPS may benefit from an-
ti-inflammatory therapy or nutritional support
[35].

In this study, the independently prognostic fac-
tors of OS were CLIP scores, vascular invasion,
mGPS and CRP/Albumin ratio. No major differ-
ence was found, in the multivariate analysis of
this study, in predictive factors of OS in HBV-
related HCC patients [3].

There are several inevitable limitations in this
study. First, this study was a single-center retro-
spective study, which inevitably leaded to con-
founding and bias. Second, there was heteroge-
neity in the treatments for HBV-related HCC
patients in this study. At last, the patient popu-
lation in this study was based on HBV-related
HCC. Whether these preliminary results could
be applied to Western populations required fur-
ther study. Therefore, a large-scale and multi-
ple-center prospective validation study is need-
ed to confirm the preliminary results.

In conclusion, our study revealed that mGPS is
an independently prognostic factor of OS in
patients with HBV-related HCC and is superior
to the other CRP-based prognostic scores in
terms of prognostic ability. The mGPS, as an
easily obtainable and objective biomarker, co-
uld be used in combination with the conven-
tional staging system to predict survival in
these patients.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Lian-Mei Ma, De-
partment of Pediatrics, The Affiliated Hospital of
Binzhou Medical University, No. 661, Yellow-River
Second Street, Binzhou 256603, People’s Republic

8278

of China. Tel: +86-543-3256544; Fax: +86-543-
3256544; E-mail: malianmbinzhou@sina.com

References

[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E
and Forman D. Global cancer statistics. CA
Cancer J Clin 2011, 61: 69-90.

[2] Bosch FX, Ribes J, Cleries R and Diaz M.
Epidemiology of hepatocellular carcinoma.
Clin Liver Dis 2005; 9: 191-211, v.

[3] Forner A, Llovet JM and Bruix J. Hepatocellular
carcinoma. Lancet 2012; 379: 1245-1255.

[4] Schutte K, Bornschein J and Malfertheiner
P. Hepatocellular carcinoma--epidemiological
trends and risk factors. Dig Dis 2009; 27: 80-
92.

[5] Tandon P and Garcia-Tsao G. Prognostic indica-
tors in hepatocellular carcinoma: a systematic
review of 72 studies. Liver Int 2009; 29: 502-
510.

[6] Huitzil-Melendez FD, Capanu M, O'Reilly EM,
Duffy A, Gansukh B, Saltz LL and Abou-Alfa GK.
Advanced hepatocellular carcinoma: which
staging systems best predict prognosis? J Clin
Oncol 2010; 28: 2889-2895.

[71 Buonaguro L, Petrizzo A, Tagliamonte M,
Tornesello ML and Buonaguro FM. Challenges
in cancer vaccine development for hepatocel-
lular carcinoma. J Hepatol 2013; 59: 897-903.

[8] Hashimoto K, lkeda Y, Korenaga D, Tanoue K,
Hamatake M, Kawasaki K, Yamaoka T, lwatani
Y, Akazawa K and Takenaka K. The impact of
preoperative serum C-reactive protein on the
prognosis of patients with hepatocellular carci-
noma. Cancer 2005; 103: 1856-1864.

[9] Kinoshita A, Onoda H, Takano K, Imai N, Saeki
C, Fushiya N, Miyakawa Y, Nishino H and Tajiri
H. Pretreatment serum C-reactive protein level
predicts poor prognosis in patients with hepa-
tocellular carcinoma. Med Oncol 2012; 29:
2800-2808.

[10] Roxburgh CS and McMillan DC. Role of system-
ic inflammatory response in predicting survival
in patients with primary operable cancer.
Future Oncol 2010; 6: 149-163.

[11] Kinoshita A, Onoda H, Imai N, Iwaku A, Oishi M,
Fushiya N, Koike K, Nishino H and Tajiri H.
Comparison of the prognostic value of inflam-
mation-based prognostic scores in patients
with hepatocellular carcinoma. Br J Cancer
2012; 107: 988-993.

[12] Proctor MJ, Morrison DS, Talwar D, Balmer SM,
Fletcher CD, O’Reilly DS, Foulis AK, Horgan PG
and McMillan DC. A comparison of inflamma-
tion-based prognostic scores in patients with
cancer. A Glasgow Inflammation Outcome
Study. Eur J Cancer 2011; 47: 2633-2641.

Int J Clin Exp Med 2016;9(5):8272-8279


mailto:malianmbinzhou@sina.com

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

8279

CRP-based scores in HCC

Bruix J and Sherman M. Management of hepa-
tocellular carcinoma. Hepatology 2005; 42:
1208-1236.

McMillan DC, Crozier JE, Canna K, Angerson
WJ and McArdle CS. Evaluation of an inflam-
mation-based prognostic score (GPS) in pa-
tients undergoing resection for colon and rec-
tal cancer. Int J Colorectal Dis 2007; 22: 881-
886.

Kasymjanova G, MacDonald N, Agulnik JS,
Cohen V, Pepe C, Kreisman H, Sharma R and
Small D. The predictive value of pre-treatment
inflammatory markers in advanced non-small-
cell lung cancer. Curr Oncol 2010; 17: 52-58.
Kinoshita A, Onoda H, Imai N, lwaku A, Oishi M,
Tanaka K, Fushiya N, Koike K, Nishino H and
Matsushima M. The C-reactive protein/albu-
min ratio, a novel inflammation-based prog-
nostic score, predicts outcomes in patients
with hepatocellular carcinoma. Ann Surg Oncol
2015; 22: 803-810.

Ranzani OT, Zampieri FG, Forte DN, Azevedo LC
and Park M. C-reactive protein/albumin ratio
predicts 90-day mortality of septic patients.
PLoS One 2013; 8: €59321.

Fairclough E, Cairns E, Hamilton J and Kelly C.
Evaluation of a modified early warning system
for acute medical admissions and comparison
with C-reactive protein/albumin ratio as a pre-
dictor of patient outcome. Clin Med 2009; 9:
30-33.

Szabo G and Lippai D. Molecular hepatic carci-
nogenesis: impact of inflammation. Dig Dis
2012; 30: 243-248.

Liao R, Sun TW, Yi Y, Wu H, Li YW, Wang JX,
Zhou J, Shi YH, Cheng YF, Qiu SJ and Fan J.
Expression of TREM-1 in hepatic stellate cells
and prognostic value in hepatitis B-related he-
patocellular carcinoma. Cancer Sci 2012; 103:
984-992.

Beasley RP, Hwang LY, Lin CC and Chien CS.
Hepatocellular carcinoma and hepatitis B vi-
rus. A prospective study of 22 707 men in
Taiwan. Lancet 1981; 2: 1129-1133.

Yu MW and Chen CJ. Hepatitis B and C viruses
in the development of hepatocellular carcino-
ma. Crit Rev Oncol Hematol 1994; 17: 71-91.
Mantovani A, Allavena P, Sica A and Balkwill F.
Cancer-related inflammation. Nature 2008;
454: 436-444.

Halazun KJ, Hardy MA, Rana AA, Woodland
DCt, Luyten EJ, Mahadev S, Witkowski P, Siegel
AB, Brown RS Jr and Emond JC. Negative im-
pact of neutrophil-lymphocyte ratio on out-
come after liver transplantation for hepatocel-
lular carcinoma. Ann Surg 2009; 250: 141-
151.

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

[35]

Chalasani N, Horlander JC Sr, Said A, Hoen H,
Kopecky KK, Stockberger SM Jr, Manam R,
Kwo PY and Lumeng L. Screening for hepato-
cellular carcinoma in patients with advanced
cirrhosis. Am J Gastroenterol 1999; 94: 2988-
2993.

Pinato DJ, North BV and Sharma R. A novel, ex-
ternally validated inflammation-based prog-
nostic algorithm in hepatocellular carcinoma:
the prognostic nutritional index (PNI). Br J
Cancer 2012; 106: 1439-1445.

Goyal A, Terry MB, lJin Z and Siegel AB.
C-reactive protein and colorectal cancer mor-
tality in U.S. adults. Cancer Epidemiol Bio-
markers Prev 2014; 23: 1609-1618.

Ni XF, Wu P, Wu CP, Ji M, Wu J, Gu XF and Jiang
ZX. Elevated serum C-reactive protein, carcino-
embryonic antigen and N2 disease are poor
prognostic indicators in non-small cell lung
cancer. Asia Pac J Clin Oncol 2015; 11: e22-
30.

Schreiber RD, Old LJ and Smyth MJ. Cancer im-
munoediting: integrating immunity’s roles in
cancer suppression and promotion. Science
2011; 331: 1565-1570.

Balkwill F and Mantovani A. Inflammation and
cancer: back to Virchow? Lancet 2001; 357:
539-545.

Morimoto M, Numata K, Moriya S, Kondo M,
Nozaki A, Morioka Y, Maeda S and Tanaka K.
Inflammation-based prognostic score for hepa-
tocellular carcinoma patients on sorafenib
treatment. Anticancer Res 2012; 32: 619-623.
Heikkila K, Ebrahim S and Lawlor DA. A sys-
tematic review of the association between cir-
culating concentrations of C reactive protein
and cancer. J Epidemiol Community Health
2007; 61: 824-833.

McMillan DC. An inflammation-based prognos-
tic score and its role in the nutrition-based
management of patients with cancer. Proc
Nutr Soc 2008; 67: 257-262.

Scott HR, McMillan DC, Forrest LM, Brown DJ,
McArdle CS and Milroy R. The systemic inflam-
matory response, weight loss, performance
status and survival in patients with inoperable
non-small cell lung cancer. Br J Cancer 2002;
87: 264-267.

Rizzo A and Cengel KA. Anti-inflammatory ther-
apy for pancreatic cancer: a sorely needed ad-
vance in therapeutics. Cancer Biol Ther 2008;
7: 1051-1052.

Int J Clin Exp Med 2016;9(5):8272-8279



