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Abstract: There is increasing and consistent evidence concerning the

association of systemic inflammation and poor outcome in patients with

hepatocellular carcinoma (HCC). The aim of this study was to identify a

superior inflammation-based prognostic scoring system for patients with

HCC undergoing hepatectomy.

We analyzed two independent cohorts of a total of 723 patients with

HCC who underwent radical surgery between 2010 and 2012. The

prognostic value of the inflammation scores, including the Glasgow

Prognostic Score (GPS), modified GPS (mGPS), neutrophil-to-lympho-

cyte ratio, platelet lymphocyte ratio, prognostic index, and prognostic

nutritional index, as well as the Barcelona Clinic Liver Cancer and

Cancer of the Liver Italian Program staging systems was analyzed in a

test cohort of 367 patients and validated in a validation cohort of 356

patients.

A high score with the mGPS was associated with large tumor size,

vascular invasion, and advanced clinical stage. Multivariate analysis

showed that the mGPS was independently associated with overall

survival and disease-free survival, and had a higher area under the

curve value in comparison with other inflammation-based scores.

The results of this study demonstrated that the mGPS is an inde-

pendent marker of poor prognosis in patients with resectable HCC and is
Cheng, PhD, Jian- a Fan, MD,
n Qiu, MD

Abbreviations: AFP = alpha-fetoprotein, AUC = area under the

curve, BCLC = Barcelona Clinic Liver Cancer, CLIP = Cancer of

the Liver Italian Program, CRP = C-reactive protein, DFS =

disease-free survival, GGT = gamma-glutamyl transpeptidase, GPS

= Glasgow Prognostic Score, HCC = hepatocellular carcinoma,

mGPS = modified GPS, NLR = neutrophil-to-lymphocyte ratio, OS

= overall survival, PI = prognostic index, PLR = platelet

lymphocyte ratio, PNI = prognostic nutritional index.

INTRODUCTION

H epatocellular carcinoma (HCC) is one of the most common
types of malignancy worldwide and the third leading cause

of cancer-related death. In contrast to other malignancies,
survival of HCC patients is peculiarly influenced by the under-
lying liver function along with the extent of spread of the
primary tumor.1 Several criteria have been proposed to predict
patient prognosis, including functional liver reserve, perform-
ance status, as well as tumor stage; however, despite there being
7 different prognostic scales, such as the Barcelona Clinic Liver
Cancer (BCLC) and Cancer of the Liver Italian Program (CLIP)
staging scores, there is little consensus on which is the most
reliable system for staging and predicting the prognosis of
patients with HCC.2,3 Furthermore, many of these scores are
cumbersome and rarely used in routine clinical practice. There-
fore, there is an urgent need for the development of a reliable,
simple, and easy-to-use prognostic score.

Numerous data have confirmed that inflammation is a
critical component of tumor progression.4,5 The presence of
a systemic inflammatory response, as indicated by an elevation
in circulating C-reactive protein (CRP) levels, has been shown
to be a reliable predictor of survival in patients with a variety of
solid tumors, including HCC.6,7 The measurement of the
systemic inflammatory response has been subsequently refined
using a selective combination of CRP and albumin measure-
ments (termed the Glasgow Prognostic Score, GPS) and has
been shown to effectively predict the prognosis of patients with
various advanced cancers.8–10 More recently, the results of a
large cohort study showed that the modified GPS (mGPS) is a
powerful prognostic factor of survival across all tumor sites
studied and is independent of age, sex, and deprivation.11,12

Moreover, several studies have shown that some other inflam-
mation-based prognostic scores, including the neutrophil-to-
lymphocyte ratio (NLR), platelet lymphocyte ratio (PLR),
prognostic index (PI), and prognostic nutritional index (PNI),
have prognostic value in a variety of cancers.13–18
tumor that slowly unfolds on a back-
mmation, which is triggered by exposure
uch as hepatitis viruses. Most of these
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TABLE 1. Inflammation-Based Prognostic Scores

Scoring Systems Score

GPS
CRP (�10 mg/L) and albumin (�35 g/L) 0
CRP (�10 mg/L) and albumin (<35 g/L) 1
CRP (>10 mg/L) and albumin (�35 g/L) 1
CRP (>10 mg/L) and albumin (<35 g/L) 2

The mGPS
CRP (�10 mg/L) and albumin (�35 g/L) 0
CRP (�10 mg/L) and albumin (<35 g/L) 0
CRP (>10 mg/L) 1
CRP (>10 mg/L) and albumin (<35 g/L) 2

NLR
Neutrophil count: lymphocyte count <5:1 0
Neutrophil count: lymphocyte count �5:1 1
PLR
Plt count: lymphocyte count <150: 1 0
Plt count: lymphocyte count �150: 1 1
Plt count: lymphocyte count >300: 1 2

Prognostic index
CRP (�10 mg/L) and white cell count (�11� 109/L) 0
CRP (�10 mg/L) and white cell count (>11� 109/L) 1
CRP (>10 mg/L) and white cell count (�11� 109/L) 1
CRP (>10 mg/L) and white cell count (>11� 109/L) 2

PNI
Albumin (g/L) þ 5� total lymphocyte count (109/L) �45 0
Albumin (g/L) þ 5� total lymphocyte count (109/L) <45 1

CRP¼C-reactive protein, GPS¼Glasgow Prognostic Score,
mGPS¼modified GPS, NLR¼ neutrophil lymphocyte ratio,
PLR¼ platelet lymphocyte ratio, Plt¼ platelet, PNI¼ prognostic nutri-
tional index.
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studies have clarified that inflammation-based prognostic
scores were associated with overall survival (OS) of HCC
patients.19,20 Only a few studies have demonstrated that elev-
ated NLR increases the risk of recurrence in patients following
liver transplantation.21–23 Although surgical resection and liver
transplantation provide valid approaches to treat HCC, long-
term outcomes of patients with HCC remain unsatisfactory
because of the high incidence of recurrence, as the 5-year
recurrence rate after curative resection remains high at up to
54.1% to 61.5%. Therefore, it is of considerable interest to
explore the relationship between inflammation-based scores
and recurrence in patients with resectable HCC.

Relatively few studies have focused on the comparison of
various inflammation-based prognostic scores, especially in
patients who underwent surgery. Therefore, the aims of the
current study were to validate the prognostic power of inflam-
mation-based prognostic scores (the GPS, mGPS, NLR, PLR,
PI, and PNI) in patients with HCC undergoing curative resection
as an initial treatment and to compare the performance of these
scores with established clinical prognostic models, including
the BCLC stage and CLIP scores, and to ascertain whether
systemic inflammation is an accurate marker of prognosis.

METHODS
We retrospectively analyzed the records of patients who

underwent radical surgery for primary HCC in the Liver Cancer
Institute, Zhongshan Hospital, Fudan University (Shanghai,
China), between December 2010 and January 2012. Patients
demonstrating clinical evidence of infection or other inflam-
matory conditions or who received prior intervention or died
within 30 days after surgery were excluded from this study. A
total of 723 patients with HCC were finally included and
evaluated. Then, we randomly divided the patients into 2 groups
using a digital random table, the test cohort and validation
cohort (n¼ 367 and 356 patients, respectively). The study
protocol was approved by the Ethics Committee of Zhongshan
Hospital, which is affiliated with Fudan University, and each
patient provided informed consent to participate in the study.

The GPS, mGPS, NLR, PLR, PI, and PNI were constructed
as described in Table 1. The baseline characteristics of the
patients are summarized in Supplementary Table S1, http://
links.lww.com/MD/A406. Follow-up procedures are described
in our previous study.24 OS was defined as the interval between
surgery and time of either death or last follow-up. Disease-free
survival (DFS) was defined as the interval between surgery and
time of recurrence. The last follow-up date for all surviving
patients was July 2013. The median follow-up time was 24
months (range, 3–32 months).

Statistical Analysis
All data analysis was performed using SPSS statistical

software (version 16; SPSS Inc., Chicago, IL). Differences
between two independent samples were tested using the
Mann–Whitney U test (nonparametric). The Pearson chi-square
test was used to identify associations between variables. Uni-
variate and multivariate analyses were performed to assess
prognostic factors using the Cox proportional hazard model.
To avoid collinearity bias, the inflammation-based prognostic
scores were preliminarily tested using a multivariate model that
included the individual variables composing the BCLC stage
and CLIP score. A receiver operating characteristics curve was

Ni et al
also generated and the area under the curve (AUC) was calcu-
lated to evaluate the discriminatory ability of each scoring
system.
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RESULTS

Patient Demographics and Clinicopathologic
Characteristics

There were no significant differences in baseline character-
istics between the test and validation cohorts (Supplementary
Table S1, http://links.lww.com/MD/A406). Correlations between
inflammatory scores and clinicopathologic parameters of HCC
patients in the test cohort are summarized in Table 2. The GPS,
mGPS, and PI had a close association with alpha-fetoprotein
(AFP) levels, tumor size, and vascular invasion; however, there
were no significant differences in the associations between
inflammatory scores and the clinical background factors of
age, sex, alanine transaminase, total serum bilirubin, and
gamma-glutamyl transpeptidase (GGT), although PNI was associ-
ated with age. In addition, no inflammatory scores were associ-
ated with the presence of a tumor capsule, tumor number, or
Edmondson grade. There were significant associations between
inflammatory scores, including the GPS, mGPS, and PI, and
clinical stages (CLIP score and BCLC stage) (Table 2).

Prediction of Tumor Recurrence and Patient
Survival in the Test Cohort
Correlations between the inflammation-based prognostic
scores and OS are shown in Figure 1. An elevated GPS, mGPS,
NLR, PLR, and PI as well as BCLC stage (P< 0.001) and CLIP

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.

http://links.lww.com/MD/A406
http://links.lww.com/MD/A406
http://links.lww.com/MD/A406


TABLE 2. Relationship between Inflammatory Prognostic Scores and Clinical Variables in Test Cohort

GPS mGPS NLR PLR PI PNI

Variables 0 1 2 P 0 1 2 P 0 1 P 0 1 P 0 1 P 0 1 P

Age (yr)
<55 169 22 1 0.44 174 17 1 0.64 189 3 0.2 182 10 0.004 173 19 0.86 179 13 0.001
�55 149 23 3 157 15 3 168 7 150 25 156 19 137 38

Sex
Female 47 11 1 0.18 54 4 1 0.65 58 1 1 52 7 0.63 54 5 0.65 46 13 0.06
Male 271 34 3 277 28 3 299 9 280 28 275 33 270 38

ALT
<50 249 39 3 0.39 259 29 3 0.18 281 10 0.13 259 32 0.08 257 34 0.14 250 41 0.86
�50 69 6 1 72 3 1 76 0 73 3 72 4 66 10

Total serum bilirubin
�20 285 41 2 0.09 298 28 2 0.06 320 8 0.29 298 30 0.56 296 32 0.4 283 45 0.81
>20 33 4 2 33 4 2 37 2 34 5 33 6 33 6

GGT
<60 197 22 2 0.19 204 15 2 0.2 214 7 0.75 203 18 0.28 203 18 0.11 194 27 0.28
�60 121 23 2 127 17 2 143 3 129 17 126 20 122 24

AFP
<400 231 22 4 0.002 236 17 4 0.047 251 6 0.5 238 19 0.04 235 22 0.1 227 30 0.07
�400 87 23 0 95 15 0 106 4 94 16 94 16 89 21

Child–Pugh grade
A 318 44 4 0.13 331 31 4 0.1 357 9 0.03 331 35 1 329 37 0.1 316 50 0.14
B 0 1 0 0 1 0 0 1 1 0 0 1 0 1

CLIP score
0 189 13 4 0.001 193 9 4 <0.001 201 5 0.12 193 13 0.009 193 13 0.001 180 26 0.79
1 93 19 0 101 11 0 110 2 100 12 100 12 94 18

2 22 5 0 23 4 0 26 1 23 4 22 5 22 5

3 11 7 0 17 7 0 17 1 14 4 11 7 16 2

4 3 1 0 3 1 0 3 1 2 2 3 1 4 0

BCLC stage
A 255 16 3 <0.001 235 6 3 <0.001 238 6 0.11 224 20 0.26 234 10 <0.001 212 32 0.43
B 80 25 1 83 22 1 104 2 94 12 82 24 91 15

C 13 4 0 13 4 0 15 2 14 3 13 4 13 4

Maximal tumor diameter (cm)
<5 203 12 3 <0.001 212 3 3 <0.001 215 3 0.1 205 13 0.006 211 7 <0.001 189 29 0.76
�5 115 33 1 119 29 1 142 7 127 22 118 31 127 22

Tumor number (solitary/multiple)
Solitary 280 38 4 0.69 291 27 4 0.75 312 10 0.62 291 31 1 289 33 1 275 47 0.37
Multiple 38 7 0 40 5 0 45 0 41 4 40 5 41 4

Tumor capsule
Complete 204 31 2 0.62 215 20 2 0.74 231 6 0.75 219 18 0.1 213 24 0.86 206 31 0.64
None 114 14 2 116 12 2 126 4 113 17 116 14 110 20

Vascular invasion
Absent 244 26 3 0.02 252 18 3 0.04 267 6 0.29 251 22 0.11 252 21 0.006 236 37 0.86
Present 74 19 1 79 14 1 90 4 81 13 77 17 80 14

Edmondson grade
I-II 219 29 2 0.61 229 19 2 0.32 243 7 1 228 22 0.57 228 22 0.2 219 31 0.26
III-IV 99 16 2 102 13 2 114 3 104 13 101 16 97 20

Vascular invasion includes macroscopic and microscopic tumor thrombi. AFP¼ a-fetoprotein level, ALT¼ alanine aminotransferase,
BCLC¼Barcelona Clinic Liver Cancer Score, CLIP¼Cancer of the Liver Italian Program, GGT¼ gamma-glutamyl transpeptidase, GPS¼Glasgow

ic i
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score (P< 0.001) were associated with reduced OS (all,
P< 0.05). Furthermore, the GPS, mGPS, PI, BCLC stage,
and CLIP score were associated with DFS (all, P< 0.001)
(Figure 2); however, PNI was not associated with OS or
DFS. Univariate analysis showed that besides the inflam-
mation-based prognostic scores, the presence of GGT, AFP,
maximal tumor diameter, and vascular invasion were signifi-
cant predictors of OS and DFS. Multivariate analysis confirmed

Prognostic Score, NLR¼ neutrophil lymphocyte ratio, PI¼ prognost
index.
that the mGPS, AFP, GGT, and vascular invasion were inde-
pendent predictors of both OS and DFS. Then, a multivariate
Cox regression model was used to further assess the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
independent prognostic ability of BCLC stage and CLIP score.
The analysis showed that the mGPS, GGT, and CLIP score were
significant prognostic factors for OS, whereas the mGPS, GGT,
AFP, and BCLC stage were significant prognostic factors for
DFS (Table 3).

Comparative Discriminatory Performance of
Staging Systems

ndex, PLR¼ platelet lymphocyte ratio, PNI¼ prognostic nutritional
The discriminatory capacity of each prognostic system was
compared by means of receiver operating characteristics curve
analysis. The area under the receiver operating characteristics

www.md-journal.com | 3



FIGURE 1. Kaplan–Meier overall survival curves for patients in the
test set stratified by inflammation-based prognostic scores and
stating system. A, Glasgow Prognostic Score; B, modified Glasgow
Prognostic Score; C, neutrophil-to-lymphocyte ratio; D, platelet
lymphocyte ratio; E, prognostic index; F, prognostic nutritional
index; G, Barcelona Clinic Liver Cancer; H, Cancer of the Liver

FIGURE 2. Kaplan–Meier disease-free survival curves for patients
in the test set stratified by inflammation-based prognostic scores
and stating system. A, Glasgow Prognostic Score; B, modified
Glasgow Prognostic Score; C, neutrophil-to-lymphocyte ratio; D,
platelet lymphocyte ratio; E, prognostic index; F, prognostic

Ni et al Medicine � Volume 94, Number 36, September 2015
curve (AUC) value was calculated for each prognostic system,
as shown in Table 4. The BCLC stage and CLIP score have
superior discriminative abilities as compared with the inflam-

Italian Program.
AUC, was superior to the inflammation-based prognostic
mation-based scores, and the GPS, mGPS, and PI have similar
AUC values, which were higher than other inflammation-based
prognostic scores.

Validation of Inflammation-Based Prognostic
Scores

The inflammation-based prognostic scores were further
assessed for their prognostic power and discriminative ability in
the validation cohort. In accordance with the association of
prognostic scores and clinicopathologic parameters in the test

cohort, the GPS, mGPS, and PI remained associated with tumor
size, vascular invasion, BCLC stage, and CLIP score (Supple-
mentary Table S2, http://links.lww.com/MD/A406). Univariate

4 | www.md-journal.com
and multivariate analyses showed that the mGPS remained a
significant predictor of OS and DFS (Supplementary Figures.1
and 2, http://links.lww.com/MD/A406, and Supplementary
Table S3, http://links.lww.com/MD/A406). The discriminatory
capacity of the BCLC stage and CLIP score, as assessed by the

nutritional index; G, Barcelona Clinic Liver Cancer; H, Cancer of
the Liver Italian Program.
scores, including the mGPS (Supplementary Table S4, http://
links.lww.com/MD/A406).

DISCUSSION
The host systemic inflammatory response plays an import-

ant role in cancer development and progression.25–27 The most
commonly used biomarker of systemic inflammation is serum

CRP, which is produced in the liver. Recent studies have
revealed that elevated CRP levels may be associated with tumor
size, distant metastasis, and vascular invasion, resulting in poor

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. Comparison of the AUC between Inflammatory
Prognostic Scores and Staging Systems in Test Cohort

Overall Survival AUCDisease-Free Survival AUC

GPS 0.674 0.639
mGPS 0.662 0.632
NLR 0.546 0.52
PLR 0.57 0.533
PI 0.658 0.638
PNI 0.562 0.525
CLIP score 0.725 0.646
BCLC stage 0.703 0.645

AUC¼ area under the curve, BCLC¼Barcelona Clinic Liver Can-
cer Score, CLIP¼Cancer of the Liver Italian Program, GPS¼Glasgow
Prognostic Score, mGPS¼modified GPS, NLR¼ neutrophil lympho-
cyte ratio, PI¼ prognostic index, PLR¼ platelet lymphocyte ratio,
PNI¼ prognostic nutritional index.

TABLE 3. Univariate and Multivariate Analyses of Prognostic Factors in Test Cohort

Overall Survival Disease-Free Survival

Multivariate Analysis Multivariate Analysis

Variables n¼ 367 Univariate P
HR

(95% CI) P Univariate P
HR

(95% CI) P

Age (yr) (<55/�55) 192/175 0.2 NA NA 0.11 NA NA
Sex (male/female) 308/59 0.37 NA NA 0.16 NA NA
ALT (<50/�50) 291/76 0.53 NA NA 0.08 NA NA
Total serum bilirubin (�20/>20) 328/39 0.02 NS NS 0.1 NA NA
GGT (<60/�60) 221/146 0.002 2.365

(1.192–4.691)
0.014 0.001 1.651

(1.004–2.714)
0.048

AFP (<400/�400) 257/110 <0.001 2.563
(1.284–5.114)

0.008 0.01 NS NS

Child–Pugh grade (A/B) 366/1 0.004 NS NS 0.06 NA NA
CLIP score (0/1/2/3/4) 206/112/27/18/4 <0.001 1.783

(1.367–2.324)
<0.001 <0.001 NS NS

BCLC stage (A/B/C) 244/106/17 <0.001 NS NS <0.001 1.762
(1.205–2.576)

0.004

Maximal tumor diameter (cm) (<5/�5) 218/149 <0.001 NS NS <0.001 2.002
(1.168–3.432)

0.01

Tumor number (solitary/multiple) 322/45 0.15 NA NA 0.01 NS NS
Tumor capsule (complete/none) 237/130 0.12 NA NA 0.14 NA NA
Vascular invasion (absent/present) 273/94 <0.001 3.288

(1.644–6.574)
0.001 <0.001 2.01

(1.231–3.28)
0.005

Edmondson grade (I-II/III-IV) 250/117 0.003 NS NS 0.07 NA NA
GPS (0/1/2) 318/45/4 <0.001 NS NS <0.001 NS NS
mGPS (0/1/2) 331/32/4 <0.001 4.356

(2.495–7.605)
<0.001 <0.001 3.042

(1.968–4.702)
<0.001

NLR (0/1) 357/10 0.001 NS NS 0.09 NA NA
PLR (0/1) 332/35 0.01 NS NS 0.12 NA NA
PI (0/1) 329/38 <0.001 NS NS <0.001 NS NS
PNI (0/1) 316/51 0.05 NS NS 0.41 NA NA

AFP¼ a-fetoprotein level, ALT¼ alanine aminotransferase, BCLC¼Barcelona Clinic Liver Cancer Score, CI¼ confidence interval,
CLIP¼Cancer of the Liver Italian Program, CRP¼C-reactive protein, GGT¼ gamma-glutamyl transpeptidase, GPS¼Glasgow Prognostic Score,
HR¼ hazard ratio, mGPS¼modified GPS, NA¼ not applicable, NLR¼ neutrophil lymphocyte ratio, NS¼ not significant, PI¼ prognostic index,
PLR¼ platelet lymphocyte ratio, PNI¼ prognostic nutritional index.
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prognosis in patients with various cancers, including HCC.6,28

Furthermore, the presence of an inflammatory response is
proposed to be pathogenic in the development of cancer-associ-
ated malnutrition and a decline in serum albumin levels is a poor
prognostic factor for long-term survival in patients with various
cancers.29,30 Moreover, several studies have shown that inflam-
mation-based prognostic scores, including a combination of
serum CRP and albumin as the GPS or mGPS, are significant
prognostic markers of HCC.

In our analysis, the inflammation-based prognostic scores
were associated with a number of clinicopathologic character-
istics of HCC. Consistent with a study by Huang et al31 elevated
GPS, mGPS, and PI were associated with factors of tumor
progression, such as maximal tumor diameter, vascular inva-
sion, and higher CLIP score and BCLC stage, suggesting that
the presence of a systemic inflammatory response is predictive
of a more aggressive clinical phenotype; however, our data

showed that the majority of elevated inflammation-based prog-
nostic scores were not associated with factors indicating
reduced liver function, such as higher total bilirubin, alanine

www.md-journal.com | 5



transaminase, GGT, lower albumin, and higher Child–Pugh
scores, which is inconsistent with a study by Kinoshita et al.32

This discrepancy may be due to the higher proportion of patients
with early stage disease and proximate normal liver function of
the patients eligible for surgical resection in our study.

To the best of our knowledge, few studies have compared
inflammation-based prognostic scores in patients with HCC.
Pinato et al33 explored the prognostic impact of a panel of
inflammatory-based scores, including the mGPS, NLR, and
PLR in independent HCC cohorts, and found that the mGPS
emerged as independent predictor of OS and the predictive
accuracy appeared to be superior to that of the NLR and PLR.
Recently, in the Glasgow Inflammation Outcome Study, Proc-
tor et al12 reported that the mGPS was a powerful prognostic
factor independent of tumor site and was superior to other
inflammation-based scores with greater consistency and more
general use. The results of our study are consistent with the
above observations and further demonstrated that the mGPS
appears to be a more important predictor than any other score. In
addition, the usefulness of CRP as a prognostic factor of DFS
after liver resection for HCC was recently reported.6 According
to the authors, 75.3% of patients undergoing hepatic resection
with preoperative CRP levels of >1.0 mg/dL experienced HCC
recurrence after 1 year. Therefore, based on existing validation
studies, scores that incorporate CRP and serum albumin (mGPS
and GPS) may reflect both the presence of a systemic inflam-
matory response and a progressive nutritional decline in patients
with cancers, and were superior to those based on components
of the circulating white cell count (NLR, PLR) or in combi-
nation with albumin alone (PNI).Therefore, any further devel-
opment of inflammation-based prognostic scores to improve the
power of prognosis should also include the prototypical acute
phase protein CRP.

In the present study, univariate analysis showed that the
GPS, mGPS, PLR, and PI were significantly associated with OS
in both cohorts, although multivariate analysis showed that only
the mGPS was an independent predictor of OS. Further analysis
revealed that the GPS and mGPS had similar discriminative
abilities and were superior to other inflammation-based scores.
Kinoshita et al32 reported that the GPS is more suitable than the
mGPS with regard to discriminating ability and the monotoni-
city of gradients. Although the majority of patients enrolled in
his study received nonsurgical treatment due to advanced stage
disease, poor liver function and reduced albumin may have
affected patient outcomes equally. Furthermore, multiple and
various treatment sessions were adopted due to tumor recur-
rence in his study. Consequently, it was difficult to evaluate the
prognostic value of the GPS and mGPS accurately. A previous
study compared inflammation-based scores, including the GPS
and mGPS, in patients undergoing hepatectomy and concluded
that the prognostic ability of the GPS was superior to that of
other inflammation scores, although in this study, the GPS and
mGPS had the same C-index value, which is an assessment of
discriminative ability, whereas the AUC, another index to test
prognostic power, in the present study had the same result as
that of the above-cited studies. Even more importantly, in the
present study, the mGPS was an independent predictor of DFS,
an important part of prognosis especially for HCC, as compared
with other inflammation-based scores, including the GPS.
Therefore, we concluded that the mGPS may be more suitable
than the GPS for patients with resectable HCC.

Ni et al
We also examined the predictive ability of the BCLC stage
and CLIP score to assess survival. The BCLC staging system is
the most comprehensive currently available and has been
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described ‘‘as the standard classification that is used for trial
design and clinical management of patients with HCC.’’34–36 In
addition, the BCLC staging system was designed with the
ability to provide therapeutic options for patients at different
stages of disease. The CLIP system is generally accepted as
more suitable for predicting survival of HCC patients who
receive nonsurgical treatments than the BCLC system. Con-
versely, in recent studies, the CLIP was shown to have a better
discriminatory ability and was reliable for long-term prognostic
prediction, independent of the treatment strategy in HCC.37,38

In our study, multivariate analysis of the validation cohort
showed that the BCLC stage was independently associated with
OS and DFS. Although the discriminative abilities are about the
same, the BCLC staging system seems to be regarded as a more
stable and accurate staging system of HCC.

Despite the BCLC stage and CLIP score having more
accurate discriminative ability of prognosis in our study, for a
scoring system to be effective, it must be simple and easy to
apply in routine clinical practice for prognostication of patients
with primary HCC before treatment; however, the mGPS
comprises only two sets of routinely available blood tests
and utilizes a standardized methodology and thresholds without
additional imaging techniques or histologic examinations
before commencing treatment. In this regard, the mGPS appears
to be more clinically useful. Certainly, together with current
tumor-staging methods, such as the BCLC and CLIP staging
systems, measures with the mGPS will further provide accurate
prediction of treatment outcome, and therefore better treatment
allocation in patients with HCC, as reported previously.32,39

Although significant differences in OS were found across
all staging systems, the curves of OS and DFS for the mGPS and
CLIP partially overlapped, suggesting their classification ability
may not be perfect, as they were unable to accurately divide the
patients into different outcome groups; however, their classi-
fication value maybe less than perfect because most patients
undergoing hepatic resection have a lower CLIP score (CLIP 0,
417; CLIP 1, 215; CLIP 2, 52) and mGPS (mGPS 0, 652; mGPS
1,64) at an early stage of HCC, which is consistent with the
findings of some recent studies that included patients with
resectable and unresectable HCC.19,33,40 Based on these find-
ings, a new modified GPS is necessary to solve these problems
and improve prognostication. Ishizuka et al39 assessed and
compared the predictive values of a new mGPS, the hepatic
GPS, which incorporates a lower CRP cut-off level in patients
undergoing surgery for HCC. Their results clearly disclosed that
the hepatic GPS has a better predictive value and ability to
classify patients than the GPS, mGPS, or even the CLIP score,
and is considered to be an important factor predictive of post-
operative mortality. A challenge for the future is to develop a
validation and consensus score for use as a simple and accurate
stratification parameter in HCC. Based on the above findings,
we have reason to believe that a creative version of the mGPS
with an adequate CRP cut-off value will be a simple and
sensitive prognostic scoring system of HCC with classification
ability.

The mechanism by which systemic inflammation may
impact survival is not completely understood. A number of
studies appear to reinforce the biologic plausibility behind
systemic inflammation and the prognosis of HCC. It has been
proposed that elevated levels of CRP, which is produced by
hepatocytes in response to inflammatory cytokines, particularly
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interleukin-6, indicates T-lymphocyte impairment, which
reflects compromised cell-mediated immunity and is associated
with poor outcome in malignancy.41 On the contrary, CRP
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levels are directly associated with circulating concentrations of
vascular endothelial growth factor, a proangiogenic environ-
ment growth factor, allowing unrestrained tumor growth and
dissemination. Furthermore, elevated CRP levels and impaired
nutritional status have been associated with increased toxicity
from chemotherapy.42 The activity of cytochrome 3A and
cellular response to chemotherapy-induced DNA damage were
impaired due to systemic inflammatory responses, which
resulted in impaired drug response. Consequently, the mGPS,
as a reflection of the systemic inflammatory response and
progressive malnutrition, should be incorporated into the plan-
ning and monitoring of cancer treatments, such as with HCC
patients undergoing transarterial chemoembolization or sorafe-
nib treatment; however, this hypothesis requires further evalu-
ation in a prospectively designed trial.

A number of limitations to the present study should be
addressed, such as the retrospective and single-center nature of
our study and the median follow-up period of 24 months (range,
3–32 months), which may be insufficient to predict 5-year
survival and recurrence; however, recurrence of HCC mostly
occurs within 2 years after curative resection, at a rate of up to
62.4% to 77.8%. Also, the data presented here were based on a
representative sample of patients who underwent hepatic resec-
tion for HCC and have been tested and validated in two large
datasets. In addition, to the best of our knowledge, this study is the
first to evaluate the association of inflammation-based scores and
recurrence in resectable HCC. We believe that cross-validation in
independent cohorts in a multicenter or possibly a prospective
setting should be further explored in the future.

In conclusion, the results of the present study suggest that
the mGPS, an inflammation-based prognostic score, is an
independent prognostic marker for poor prognosis in patients
with HCC undergoing hepatectomy and is superior to other
inflammation-based prognostic scores. In addition, the mGPS is
simple to construct from laboratory measurements that are
routinely assessed in patients before treatment. Therefore, these
findings highlight a potential role for the mGPS in predicting
prognosis in patients with HCC.
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