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survival (OS) and recurrence-free survival (RFS). The predictive

capacity of the IBS in both OS and RFS appeared superior to that of

the other inflammatory scores in terms of C-index. Additionally, the
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Abstract: As chronic inflammation is involved in the pathogenesis and

progression of hepatocellular carcinoma (HCC), we investigated the

prognostic accuracy of a cluster of inflammatory scores, including the

Glasgow Prognostic Score, modified Glasgow Prognostic Score, platelet

to lymphocyte ratio, Prognostic Nutritional Index, Prognostic Index, and

a novel Inflammation-Based Score (IBS) integrated preoperative and

postoperative neutrophil to lymphocyte ratio in 2 independent cohorts.

Further, we aimed to formulate an effective prognostic nomogram for

HCC after hepatectomy.

Prognostic value of inflammatory scores and Barcelona Clinic Liver

Cancer (BCLC) stage were studied in a training cohort of 772 patients

with HCC underwent hepatectomy. Independent predictors of survival

identified in multivariate analysis were validated in an independent set

of 349 patients with an overall similar clinical feature.

In both training and validation cohorts, IBS, microscopic vascular

invasion, and BCLC stage emerged as independent factors of overall
an, PhD, Ya Cao ou, PhD,
ang-Jian Qiu, MD

formulated nomogram comprised IBS resulted in more accurate prog-

nostic prediction compared with BCLC stage alone.

IBS is a novel and validated prognostic indicator of HCC after

curative resection, and a robust HCC nomogram including IBS was

developed to predict survival for patients after hepatectomy.

(Medicine 95(7):e2784)

Abbreviations: AFP = a-fetoprotein, ALT = alanine

aminotransferase, AST = aspartate aminotransferase, BCLC =

Barcelona Clinic Liver Cancer, CI = confidence interval, CLIP =

Cancer Liver Italian Program, CRP = C-reactive protein, CUPI =

Chinese University Prognostic Index, GGT = gamma-glutamyl

transpeptidase, GPS = Glasgow Prognostic Score, HCC =

hepatocellular carcinoma, IBS = Inflammation-Based Score,

iNTR = intratumoral neutrophil-to-CD8þT cell ratio, JIS =

Japanese Integrated Score, LT = liver transplantation, mGPS =

modified Glasgow Prognostic Score, MMP-9 = matrix

metallopeptidase 9, NLR = neutrophil to lymphocyte ratio, OS =

overall survival, PI = Prognostic Index, PLR = platelet to

lymphocyte ratio, PNI = Prognostic Nutritional Index, RFA =

radio-frequency ablation, RFS = recurrence-free survival, ROC =

receiver operating characteristic, TACE = transcatheter arterial

chemoembolization, TNMt = umor node metastasis.

INTRODUCTION

H epatocellular carcinoma (HCC) is the fifth most frequently
diagnosed cancer, and the second leading cause of cancer-

related deaths worldwide.1 Although curative resection is
applicable in selected candidates, 60% to 70% patients devel-
oped metastasis and recurrence within 5 years following surgery
even with radical resection.2

Distinct from other solid cancers, the prognosis for patients
with HCC rely not solely on the tumor progression but also on the
extent of liver dysfunction owing to that approximately 70% to
90% HCCs arise in the context of chronic liver inflammation and
cirrhosis.3,4 Consequently, staging systems such as tumor node
metastasis that depend solely on pathological characteristics
retain limited prognostic impact in HCC.5,6 A number of alterna-
tive systems have been proposed for HCC from independent
groups, including the Barcelona Clinic Liver Cancer (BCLC),7

Cancer Liver Italian Program,8 the Chinese University Prognostic
Index,9 and Japanese Integrated Score (JIS).10 However, there is
no worldwide consensus on which is the best system in staging
come of patients with HCC.11 Thus, a
Prognostic Index (PI) that can be applied

tice is urgently needed.
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Inflammation has emerged as the seventh hallmark of
cancer,12 and accumulating evidence indicated that the presence
of systemic inflammation response is associated with poor sur-
vival in various malignancies including HCC.13 Various markers
of systemic inflammation response, including C-reactive protein
(CRP),14 cytokines,13 and absolute count of blood neutrophil or
lymphocyte as well as their ratio (NLR) have been explored for
their prognostic impact in certain cancer populations.15–18

An elevated NLR has been reported to be a predictor of poor
survival in patients with HCC underwent hepatic resection,19,20

radio-frequency ablation (RFA),21,22 transcatheter arterial che-
moembolization (TACE),23–25 and liver transplantation.26–28

NLR may fluctuate in the influence of systemic inflammation
response induced by surgical procedure in local. However, these
studies only focused on pretreatment NLR change, while the post-
treatment NLR change, which may dynamic reflect the change of
balance between host inflammatory response and immune response
following therapy is largely neglected. In addition, in most of those
studies, the cutoff value of NLR has been set empirically. As a
consequence, the consensus on cutoff value accurately predicting
outcome in patients with HCC is far from achieved.

The integration of serum CRP and albumin has previously
been applied to formulate the Glasgow Prognostic Score (GPS)29

as an indicator of systemic inflammation. The prognostic impact
of this system has been qualified in various solid tumors, includ-
ing lung,30 ovarian,31 gastro-esophageal,32 colorectal,33 and
HCC.34 Further, accumulating studies have demonstrated that
inflammation-based scores (IBSs) such as the modified Glasgow
Prognostic Score (mGPS)35 and the Prognostic Nutritional Index
(PNI),36 are associated with prognosis in patients with HCC.
Furthermore, the platelet to lymphocyte ratio (PLR)37 was as well
identified as a significant prognostic indicator in patients with
pancreatic cancer. In addition, an integration of serum CRP and
white cell count as the PI38 was also demonstrated as a significant
prognostic predictor in patients with lung cancer. Therefore,
which IBS is more accurate for predicting prognosis in patients
with HCC remains to be elucidated.

Nomograms are statistical models that specifically devel-
oped to optimize predictive accuracy of individuals. While other
predictive models assign prognosis based on risk groups, nomo-
grams provide a more individualized prediction of outcome based
on a combination of variables. Currently, nomograms have been
established in various cancer types.39,40 The predictive accuracy
of nomograms has compared superior to the traditional staging
systems in many cancer populations, and thus, it has been
proposed as an alternative or even as a new standard.41 Given
the individualized predictive capacity of this statistical tool,
further establishing a nomogram comprised IBS is significant.

The goals of the present research were to evaluate the
prognostic capacity of a novel defined IBS that combine the
preoperative and postoperative NLR in 2 independent cohorts.
Further, we aimed to compare its accuracy with routinely clinical
used prognostic model BCLC stage together with other systemic
inflammation scores such as GPS, mGPS, PNI, PLR, and PI to
ascertain whether IBS is a feasible prognostic indicator. In
addition, we wished to develop a prognostic nomogram including
IBS in patients with HCC after curative resection.

MATERIALS AND METHODS

Fu et al
Patients
Two independent cohorts of patients with HCC after

curative resection were enrolled in this study. In brief, after
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obtaining Ethics Committee approval, we used computer-gener-
ated random numbers via SPSS software (SPSS Inc., Chicago,
IL) and randomly selected 772 patients from HCC patients
underwent surgical resection from December 2010 to June 2012
in Zhongshan Hospital as training cohort and 349 patients from
HCC patients underwent surgical resection in 2007 as validation
cohort. All the patients had survived for at least 30 days
postoperatively. The eligibility criteria for the patients analyzed
in both training and validation cohorts are as follows: all
patients with an exact pathological diagnosis of HCC; all
patients underwent resection defined as a complete resection
of all tumor lesions and the cut surface being free of cancer by
histological examination; all patients’ records included com-
plete clinicopathologic and follow-up data; all the blood
samples were obtained within 3 days before operations and
on the 5th day following resection; cases with a history of
inflammation disease or active concomitant infection were
excluded; and patients received preoperative anticancer treat-
ments were all excluded in case of any bias. The study protocol
was approved by the Ethics Committee of Zhongshan Hospital
affiliated to Fudan University, and each patient provided
informed consent to participate in the study.

Follow-Up
The follow-up procedure was described in our previous

study42; in brief, all patients were followed up every 3 months
during the first postoperative year and at least 3 to 6 months
thereafter. a-fetoprotein (AFP), liver function test, chest X-ray,
and liver ultrasonography were performed during each follow
up. Once recurrence was suspected, whether intrahepatic recur-
rence or distal metastasis had occurred was further validated via
computed tomography and/or magnetic resonance imaging. The
period from the time of resection to the time of either death or
last follow-up was defined as overall survival (OS). Recurrence-
free survival (RFS) was calculated as the period between
operation and time of recurrence. If recurrence was not found,
the RFS was calculated from the time of surgery to the time of
death or last follow-up. The median follow-up time was 39
months (range, 2–60 months) in training cohort and 43 months
(range, 1.5–72 months) in validation cohort.

Inflammation-Based Prognostic Scores and
Other Variables

Blood samples were collected within 3 days before surgery
as well as on the fifth postoperative day. CRP, bilirubin,
albumin, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), complete blood count, and BCLC scores
were obtained. The inflammation-based prognostic score were
formulated as detailed in Table 1.

Statistical Analysis
Statistical analysis was performed via SPSS version 16

(SPSS Inc). The Mann–Whitney U test was used for compari-
son between 2 independent groups. Any associations between
variables were analyzed using Pearson Chi-squared test. Survi-
val curves were depicted via the Kaplan–Meier method and
compared using the log-rank test. Univariate and multivariate
analyses for the prognostic factors were based on the Cox
proportional hazard model. A nomogram was formulated based

Medicine � Volume 95, Number 7, February 2016
on the results of multivariate analysis, and C-index was gener-
ated to evaluate the discriminatory ability of each scoring
systems.
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TABLE 1. Inflammation-Based Prognostic Scores

Scoring Systems Score

The 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 modified GPS (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

Platelet to lymphocyte ratio (PLR)
Platelet count: lymphocyte count < 150 0
Platelet count: lymphocyte count � 150 1

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

Prognostic Nutritional Index (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

The Inflammation-Based Score (IBS)
Preoperative NLR � 1.65 and postoperative NLR � 3.65 0
Preoperative NLR � 1.65 and postoperative NLR > 3.65 0
Preoperative NLR > 1.65 and postoperative NLR < 3.65 0
Preoperative NLR > 1.65 and postoperative NLR > 3.65 1

neu
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RESULTS

Optimal Cut-Off Value for Elevated NLR
The optimal cut-off value of preoperative and postopera-

tive NLR for recurrence and death prediction was determined
via receiver operating characteristic (ROC) curve analysis.
Preoperative and postoperative NLR were associated with
the strongest Youden index for both cancer-related death and
recurrence prediction with a cutoff value of 1.65 and 3.65,
respectively. For cancer-related death prediction, the area under
the ROC curve was 0.631 (95% confidence interval [CI],
0.583–0.679) for preoperative NLR and 0.568 (95% CI,
0.517–0.628) for postoperative NLR (Supplementary Figure
S1A, http://links.lww.com/MD/A712). For recurrence predic-
tion in the training cohort, the area under the ROC curve was
0.576 (95% CI, 0.531–0.616) and 0.562 (95% CI, 0.522–0.617)
for preoperative and postoperative NLR, respectively (Supple-
mentary Figure S1B, http://links.lww.com/MD/A712).

Relationship Between Inflammatory Scores and
Patient Characteristics

The relationship between inflammatory scores and clin-
icopathological features of the training cohort is summarized in
Supplementary Table S1, http://links.lww.com/MD/A712. A
raised IBS was associated with larger tumor size, presence of
microscopic vascular invasion, and advanced BCLC stage.

CRP¼C-reactive protein, GPS¼Glasgow prognostic score, NLR¼
GPS, mGPS, and PI were all linked with raised gamma-gluta-
myl transpeptidase (GGT), larger tumor diameter, presence of
microscopic vascular invasion, and advanced BCLC stage. PNI

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
was associated with poor cancer cell differentiation and elev-
ated PLR was a significant indicator of multiple tumor number.

Inflammatory Scores and Survival in the Training
Cohort

The follow-up was completed on November 10, 2015,
with median follow-up time of 39 months (range, 2–60), the 1-,
3-, 4-year OS and RFS rates were 88.2%, 59.9%, 51.2% and
79.9%, 59.4%, 45.4%, respectively. In univariate analysis,
elevated IBS (P< 0.001) (Figure 1A), PLR (P¼ 0.001), PI
(P< 0.001), GPS (P< 0.001), mGPS (P< 0.001), raised AFP
(P< 0.001), GGT (P< 0.001), lager tumor size (P< 0.001),
multiple tumor number (P¼ 0.001), presence of microscopic
vascular invasion (P< 0.001), poor cancer cell differentiation
(P< 0.001), and advanced BCLC stage (P< 0.001) were
identified as significant predictors of OS. The survival rate
at the end of the follow-up period were 93.1% and 68.5%; 83%
and 68.2%; 84% and 62%; 84.1%, 68.1%, and 44.4%; 84.5%,
63.2%, and 37.5% for patients with IBS of 0 and 1; with PLR of
0 and 1; with PI of 0 and 1; with GPS of 0, 1, and 2; with mGPS
of 0, 1, and 2, respectively. In multivariate analysis, IBS
(hazard ratio [HR], 4.247, 95% CI, 2.786–6.473;
P< 0.001), mGPS (HR, 3.508, 95% CI, 1.384–8.890;
P¼ 0.008), GGT (HR, 1.699, 95% CI, 1.192–2.422;
P¼ 0.003), tumor numbers (HR, 2.152, 95% CI, 1.444–
3.205; P< 0.001), presence of microscopic vascular invasion

trophil to lymphocyte ratio.
(HR, 2.363, 95% CI, 1.637–3.413; P< 0.001), and BCLC
stage (HR, 1.634, 95% CI, 1.225–2.197, P¼ 0.001) remained
as significant independent predictors of OS (Table 2).
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coh
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In univariate analysis, elevated IBS (P¼ 0.001) (Figure 1B),
PI (P< 0.001), GPS (P< 0.001), mGPS (P< 0.001), raised AFP
(P¼ 0.027), GGT (P< 0.001), lager tumor size (P< 0.001),
multiple tumor number (P< 0.001), presence of microscopic
vascular invasion (P< 0.001), poor cancer cell differentiation
(P< 0.001), and advanced BCLC stage (P< 0.001) were ident-
ified as significant predictors of RFS. The RFS rate at the end of
the follow-up period were 65.9% and 38.78%; 55.3% and 35.4%;
55.8%, 44.4%, and 35.2%; 55.2, 37.5%, and 35.3% for patients
with IBS of 0 and 1; with PI of 0 and 1; with GPS of 0, 1, and 2;
with mGPS of 0, 1, and 2, respectively. In multivariate analysis,
IBS (HR, 2.111, 95% CI, 1.969–2.626; P< 0.001), GGT (HR,
1.336, 95% CI, 1.078–1.657; P¼ 0.008), presence of micro-
scopic vascular invasion (HR, 1.866, 95% CI, 1.496–2.326;
P< 0.001), and BCLC stage (HR, 2.587, 95% CI, 1.814–
3.075; P¼ 0.001) remained as significant independent predictors
of RFS (Table 2).

Comparative Performance of Inflammation-

FIGURE 1. Kaplan–Meier survival curves for patients in training
survival. IBS ¼ Inflammation Based Score.
Based Prognostic Scores and BCLC Stage
The discriminatory capacity of each inflammatory scoring

system as well as BCLC stage was compared by means of Harrell

TABLE 2. Clinicopathological Characteristics in Patients With H
Cohort)

Variable

Patients

(n¼ 772)

Univariate

P Value (OS)

Multivariate

HR for OS

(95% CI)

AFP, �/>20 ng/mL 327/445 <0.001 NS

GGT, �/> 45 IU/mL 451/321 <0.001 1.699 (1.192–2.422)

GPS, 0/1/2 672/91/9 <0.001 NS

mGPS, 0/1/2 696/68/8 <0.001 3.508 (1.384–8.890)

PLR, 0/1 706/66 0.001 NS

PI, 0/1 693/79 <0.001 NS

Tumor size, </�5 cm 448/324 <0.001 NS

Tumor number, </�2 667/105 0.001 2.152 (1.444–3.205)

Microscopic vascular invasion

Present/absent 559/213 <0.001 2.363 (1.637–3.413)

Differentiation, 1–2/3–4 528/244 <0.001 NS

BCLC, A/B/C 492/242/38 <0.001 1.634 (1.225–2.197)

IBS, 0/1 413/359 <0.001 4.247 (2.786–6.473)

AFP¼a-fetoprotein, BCLC¼Barcelona Clinic Liver Cancer, CI¼ confidence int

HCC ¼ hepatocellular carcinoma, HR ¼ hazard ratio, IBS¼ Inflammation-Based Sco

significant, OS¼ overall survival, PI¼Prognostic Index, PLR¼ platelet to lymphocy
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concordance index. The C-index was calculated for each prog-
nostic system, as shown in Supplementary Tables S2 and S3,
http://links.lww.com/MD/A712. For OS prediction, improve-
ment of the discriminatory ability was observed in the prognostic
model integrated IBS and BCLC stage, giving rise to a new C-
index of 0.777 (95% CI, 0.775–0.779) compared with the
previous value of 0.693 (95% CI, 0.691–0.695) for the BCLC
stage alone. Similarly, for RFS prediction, improvement of the
discriminatory capacity of prognostic model was obtained by
integrated IBS into BCLC stage, giving rise to a new C-index of
0.684 (95% CI, 0.682–0.686) compared with the previous value
of 0.615 (95% CI, 0.613–0.617) for the BCLC stage alone. The
BCLC stage is superior to the inflammatory scoring systems in
terms of discriminatory capacity for OS and RFS prediction. The
IBS is consistently with a higher C-index value in both OS and
RFS prediction in comparison with other inflammation-based
prognostic scores (Supplementary Tables S2 and S3, http://
links.lww.com/MD/A712).

ort stratified by IBS. (A) Overall survival and (B) recurrence-free
Validation of Prognostic Models
The IBS and BCLC stage were further assessed for their

prognostic power and discriminative capacity in an

CC: Univariate and Multivariate Survival Analyses (Training

Multivariate

P Value (OS)

Univariate

P Value (RFS)

Multivariate

HR for RFS

(95% CI)

Multivariate

P Value (RFS)

NS 0.027 NS NS

0.003 <0.001 1.336 (1.078–1.657) 0.008

NS <0.001 NS NS

0.008 <0.001 NS NS

NS NS NA NA

NS <0.001 NS NS

NS <0.001 1.528 (1.222–1.909) <0.001

<0.001 <0.001 1.727 (1.318–2.263) <0.001

<0.001 <0.001 1.866 (1.496–2.326) <0.001

NS <0.001 NS NS

0.001 <0.001 2.587 (1.814–3.075) 0.001

<0.001 0.001 2.111 (1.696–2.626) <0.001

erval, GGT¼ gamma-glutamyl transpeptidase, GPS¼Glasgow Prognostic Score,

re, mGPS¼modified Glasgow Prognostic Score, NA¼ not applicable, NS¼ not

te ratio, RFS¼ recurrence-free survival.
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FIGURE 2. Hepatocellular carcinoma survival nomogram. To use the nomogram, the value of an individual patient is located on
each variable axis, and a line is drawn upward to determine the number of points received for each variable value. The sum of these
numbers is located on the total point axis, and a line is drawn downward to the survival axes to determine the likelihood of 1-, 3-, and
5-year survival).

FIGURE 3. The calibration curve for predicting overall survival of patients at (A) 1 year, (B) 2 year, (C) 3 year, and (D) 5 year; predicting
recurrence-free survival at (E) 1 year, (F) 2 year, (G) 3 year, and (H) 5 year in the training cohort; predicting patient overall survival at
(I) 2 year and (K) 3 year and predicting patient recurrence-free survival at (J) 2 year and (L) 3 year in the validation cohort. Nomogram-
predicted probability of survival is plotted on the x-axis; actual survival is plotted on the y-axis.

Medicine � Volume 95, Number 7, February 2016 Inflammation-Based Score Predicts Survival in HCC
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FIGURE 4. Decision curve analysis. Decision curve analyses depict the clinical net benefit in pairwise comparisons between integrated
nomogram and BCLC stage. Nomogram is compared against the BCLC stage in terms of 3-year OS (A and C) and 3-year RFS (B and D) in
training and validation cohort, respectively. Dashed lines indicate the net benefit of nomogram in each of the curves across a range of
threshold probabilities. The horizontal solid black line represents the assumptions that no patients will experience the event, and the solid

On
s. B

Fu et al Medicine � Volume 95, Number 7, February 2016
independent validation cohort with median follow-up time of
43 months (range, 1.5–72). Comparison of patient clinco-
pathological features across the 2 studies revealed the vali-
dation set was composed of smaller proportion of patients with
age >55 years old, with ALT <40U/L, with albumin <40 g/L,
with poor tumor differentiation, with complete tumor capsule,
with tumor larger than 5 cm in size, compared to the training
set, as reported in Supplementary Table S4, http://links.lww.-
com/MD/A712. Of note, in univariate analysis IBS (Supple-
mentary Figure S2, http://links.lww.com/MD/A712) and
BCLC stage also showed the ability to stratify patients’ survi-
val. In multivariate analysis, IBS and BCLC stage remained as
independent predictors of survival with HR values of 2.547
(95% CI, 1.610–4.029; P< 0.001) and 1.802 (95% CI, 1.292–
2.512; P¼ 0.001) for OS and 2.732 (95% CI, 1.860–4.011;
P< 0.001) and 1.594 (95% CI, 1.167–2.177; P¼ 0.003) for
RFS, respectively (Supplementary Table S5, http://links.lww.-
com/MD/A712).

Prognostic Nomogram for Survival

gray line represents the assumption that all patients will relapse.
compared with BCLC stage across a range of threshold probabilitie
recurrence-free survival.
The prognostic nomogram that integrated IBS and BCLC
stage for OS derived from training cohort is shown in Figure 2A.
The C-index for OS prediction in training cohort was 0.777

6 | www.md-journal.com
(95% CI, 0.775–0.779). The calibration plot for the probability
of survival at 1, 2, 3, and 5 years after surgery showed optimal
consistency between the prediction by nomogram and actual
observation (Figure 3A–D).

The prognostic nomogram that combined IBS and BCLC
stage for RFS derived from training cohort is shown in
Figure 2B. The C-index for RFS prediction in training cohort
was 0.684 (95% CI, 0.682–0.686). The calibration plot for the
probability of RFS at 1, 2, 3, and 5 years after surgery showed
optimal consistency between the prediction by nomogram and
actual observation (Figure 3E–H).

Validation of Prediction Accuracy of the
Nomogram for Survival

In the validation set, the median follow-up time was 43
months (range, 1.5–72 months), the median time to recurrence
was 35.6 months (range, 1–63 months).

The C-index of the constructed nomogram for predicting
OS was 0.699 (95% CI, 0.696–0.702) and a calibration curve fit
well between prediction and observation in the probability of

decision curve analysis, nomogram showed superior net benefit
CLC ¼ Barcelona Clinic Liver Cancer, OS ¼ overall survival, RFS ¼
both 2-year and 3-year OS (Figure 3I and K). The C-index of the
proposed nomogram for predicting RFS was 0.621 (95% CI,
0.619–0.623) and a calibration curve showed good agreement

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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between prediction and observation in the probability of both 2-
year and 3-year RFS (Figure 3J and L).

Comparison of Constructed Nomogram to BCLC
Stage as Predictor of OS and RFS on Decision
Curve Analysis

The nomogram integrated BCLC and IBS demonstrated
superior predictive capabilities relative to the BCLC stage
alone, with a concordance index of 0.777 (95% CI, 0.775–
0.779) for prediction of OS and 0.684 (95% CI, 0.682–0.686)
for prediction of RFS. On decision curve analysis,43 compared
to BCLC stage, our nomogram showed better net benefit with
wider range of threshold probability and improved performance
for predicting 3-year OS and RFS in training cohort (Figure 4A
and B) and 3-year OS and RFS in validation cohort (Figure 4C
and D). This represents superior estimation of decision out-
comes at higher threshold probability levels.

DISCUSSION
In this study, we established a novel, easy-to-use, and

effective NLR-derived inflammatory score named IBS for
predicting outcome in HCC after curative resection. Moreover,
a robust HCC nomogram including IBS was developed to
improve the predictive power of the current prognostic score.

NLR, a simple and effective marker of inflammation, has
shown a significant prognostic value in patients with HCC
underwent hepatic resection.19,20 However, in most of the
studies, the cutoff value of NLR has been set empirically. In
addition, these studies only focused on preoperative NLR
change, while the postoperative NLR change, which may
dynamic reflect the change of balance between host inflamma-
tory and immune response following treatment was largely
neglected. In the present study, by using ROC curve analysis,
we determined the optimal cutoff value of preoperative NLR
was 1.65 and postoperative NLR was 3.65 for prediction of
prognosis of patients with HCC after resection.

IBS was constructed via combination of preoperative and
postoperative NLR; our study confirmed the findings that an
elevated NLR is predictive of poor outcome in HCC patients.
Until now, the exact explanation for the observation that elevated
NLR in patients with malignancy have worse survival is not
clearly defined, but several hypotheses may be accounted for. The
neutrophils form important compartment for tumor-related
angiogenesis including the level of circulating grow factors,
protease, and angiogenesis-regulating chemokines.44–46 High
infiltration of peritumoral neutrophils were reported to stimulate
angiogenesis by releasing matrix metallopeptidase 9 and enhance
invasion of tumor cells by production of hepatocyte growth
factor, conceivably, their levels could serve as predictor for poor
survival in HCC patients.47 Conversely, the number of circulating
lymphocyte plays critical role in cytotoxic cell death and cytokine
production, thus exert inhibition effects on proliferation and
metastatic capacity of cancer cells.48 The presence of high
intratumoral activated CD8 cytotoxic cells was associated with
improved survival in HCC.39 The impairment of HCC-infiltrating
gd T cells compared with paired peritumoral tissue also indicated
poor survival in HCC.49 Consequently, when taken together,
NLR could reflect the balance between host inflammation and
immunity. Raised NLR indicates that the balance is toward the

Medicine � Volume 95, Number 7, February 2016
pro-tumor inflammatory response, and is associated with poor
prognosis as evidenced by increased intratumoral neutrophils
were reported significantly associated with poor survival and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
intratumoral neutrophil-to-CD8þ T cell ratio better predicted the
outcome in HCC.50

Postoperative NLR change was identified as a significant
prognostic factor for tumor recurrence for patients with clear
renal cell carcinoma after surgery.51 More recently, 2 studies
suggested that post-RFA change was also associated with poor
survival in HCC.21,22 The conveniently measurable and acces-
sible baseline NLR is an inflammatory score with advantage of
wide-range continuous data and minimum variation.52 Further,
the dynamic fluctuation of residual host inflammation activity
after tumor resection can be reflected by postoperative NLR.
The present study showed that patients whose postoperative
NLR was still high predispose worse survival. This suggested
that failure of NLR to decrease after tumor resection may serve
as surrogate indicator of pro-tumor inflammation after
surgery.53,54 Otherwise, if NLR remains in a low level after
surgery, it indicated that the balance was tipped in conducive to
antitumor immune response. More importantly, the strength of
prediction seems greater in IBS than that of preoperative NLR
alone. In the present study, the preoperative NLR was neither a
predictor of OS nor a predictor of RFS, whereas the IBS was a
predictor of OS and RFS in both training and validation
cohorts.

External validation is preferable in the assessment of novel
prognostic indicators in HCC. Importantly, BCLC and IBS
stage remain to be identified as predictors of OS and RFS in
an independent set of patients with similar tumor burden,
indicating the feasibility of these prognostic models. As
reported in Supplementary Tables S2 and S3, http://links.lww.-
com/MD/A712, BCLC stage was found superior to the inflam-
mation-based prognostic scores as well as IBS was superior to
the other IBSs for the prediction of prognosis in patients with
HCC. The elevated preoperative and postoperative NLRs were
included in the IBS as reflection of subclinical inflammation
response in favor of tumor progression and decreased antitumor
activity, 2 overlapping conditions concerning both preoperative
and postoperative status affecting the prognosis of cancer
patients.

Some limitations in the present study need to be con-
sidered. The first consideration is the different tumor size in the
2 independent cohorts, with a relatively higher rate of tumor size
<5 cm in validation cohort compared with that of training
cohort; however, the tumor burden in term of BCLC stage is
even. Secondly, we did not measure postoperative CRP change
together with NLR, because it is not routinely tested in our daily
practice. In addition, due to the limited racial and the amount of
the patients selected, cross validation and further investigations
of IBS in multicenter and prospective setting with more inflam-
mation factors should be conducted in our future researches.

In conclusion, these data indicate that the IBS provides
additional prognostic information for the clinical management
of HCC patients underwent hepatectomy and the proposed
nomogram in this study comprised of IBS objectively and
accurately predict the outcome of HCC patients despite the
acknowledged limitations. Furthermore, we confirmed that the
IBS qualifies as an independent, convenient, and universally
available inflammatory score to predict outcome of HCC
following surgery.
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