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Abstract
Background: Preoperative neutrophil-to-lymphocyte ratio (NLR) has been identified as a predictor for the recurrence
of hepatocellular carcinoma (HCC), but the cut-off of NLR is inconsistent in various studies. Thus, we detected the
prognostic value of preoperative NLR in the single-nodule small HCC (SHCC) patients using X-tile for cutpoint.
Methods: Between January 2007 and December 2010, a total of 222 single-nodule SHCC patients underwent curative
resection and were examined for the prognostic roles of preoperative NLR by X-tile.
Results: In this study, all patients were divided into the low-NLR subgroup (NLR ≤ 2.1) and the high-NLR subgroup
(NLR > 2.1) by X-tile. Preoperative NLR showed predictive value for time to recurrence (TTR) and overall survival (OS).
Moreover, NLR was associated with total bilirubin, white blood cell counts, and HBsAg, respectively (P = 0.012, <0.001,
and 0.011, respectively). Especially, NLR could discriminate the outcome of patients in the subgroup with alphafetoprotein (AFP) levels of ≤400 ng/mL. Importantly, postoperative transcatheter arterial chemoembolization (TACE)
had close relationship with OS (P = 0.001) and TTR (P ≤ 0.001).
Conclusions: Therefore, this study indicates that preoperative NLR, divided by X-tile for the cutpoint, is a simple
prognostic marker for the patients with single-nodule SHCC after curative resection.
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Background
Hepatocellular carcinoma (HCC) is a typical inflammationrelated malignancy mainly induced by hepatitis B or C viral
(HBV or HCV) infection and is the major challenge and
cancer burden for China’s health system [1–3]. Surgical resection is still the mainstay of curative treatment. Although
surgical techniques and perioperative care are improved
recently, the long-term clinical outcomes of HCC remain
disappointing owing to a high recurrence rate after
surgical resection [4, 5]. To date, many biomarkers
have been developed to provide information about
the prognosis and treatment of HCC [6–9]. However,
* Correspondence: duchengyou@126.com
†
Equal contributors
1
Department of Hepatobiliary Surgery, The First Affiliated Hospital of
Chongqing Medical University, Chongqing 400016, China
Full list of author information is available at the end of the article

serum alpha-fetoprotein (AFP) is still widely used
even though normal serum AFP is found in 30 to
40 % of HCC patients [10]. Therefore, it is of great
urgent for us to set up reliable and convenient prognostic biomarkers to select optimal candidates to
adopt preventive and therapeutic strategies and screen
the prognosis of patients at risk.
Recently, there are increasing evidences that metachronous carcinogens are affected by inflammatory activity
and the malignant potential of cancer cells are the important causes of HCC recurrence [11, 12]. Notably, accumulating evidences demonstrated that imbalance of the
systemic inflammatory response orchestrated a tumorsupporting microenvironment and led to upregulation of
the inflammatory process for patients with HCC [13–15],
via some molecular pathways related with apoptosis inhibition, DNA damage repair, and angiogenesis promotion
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[1, 16–19]. Previous studies have revealed inflammatory
environment in HCC composed of various inflammatory/
immune cells including neutrophil [20], macrophages
[21], Treg [22], and Th17 [7] lymphocytes which were
closely related with the prognosis of HCC. Consistent with
this work, neutrophil-to-lymphocyte ratio (NLR) was also
identified as a marker of systemic inflammation response
associated with the prognosis of various cancers such as
colorectal cancer [23], pancreatic cancer [24], gastric cancer [25], and HCC [26]. Of particular note in HCC, NLR
showed good predictive abilities for patients who underwent curative resection [27], liver transplantation [28],
transcatheter arterial chemoembolization (TACE) [29],
and radiofrequency ablation [30]. To our knowledge, there
is no study on the association between the predictive role
of NLR and the patients with single-nodule small HCC
(SHCC). Additionally, the cut-off value of NLR is not consistent, which is commonly set at five empirically [31],
mean value [32], or determined by receiver operating
characteristic curve [26] and significant associated hazard
ratio [28]. These different selections would hinder the
clinical application and comparative study of NLR in different patient populations. Thus, in this study, we used
“minimum P value” approach [33, 34] by X-tile software, a
bio-informatics tool for biomarker assessment, to get an
optimal cut-off value of NLR and evaluate the correlation
of preoperative NLR with prognosis in single-nodule
SHCC patients following curative resection.
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and (5) Eastern Cooperative Oncology Group cores ≤2.
TACE was carried out by clinicians with more than
10 years of experience. Briefly, a highly selective 5-F
catheter was used to assess the arterial blood supply to
the liver by visceral angiography. Then, a mixture of
three chemotherapeutic agents including 200 mg oxaliplatin, 40 mg epirubicin, and 160 mg irinotecan was
used for hepatic artery infusion chemotherapy. And
then, 5 mL of Lipiodol was injected. After embolization,
the extent of vascular occlusion was determined and
blood flow in other arterial vessels was assessed by
angiography.
Postoperatively, all patients were followed up every
1–6 months according to the postoperative time with
serum alpha-fetoprotein (AFP) and abdominal CT or/
and MRI. Tumor recurrences were diagnosed based
upon the combined findings of typical CT or MRI appearance and elevated AFP level. Time to recurrence
(TTR) [35] was defined as the interval that recurrence
was first confirmed after surgery. Overall survival (OS)
was the interval from the first operation to death or the
latest follow-up visit. The median follow-up time was
42.4 months in these patient populations. Tumor-nodemetastasis (TNM) classification system of International
Union Against Cancer (edition 7) and tumor characteristics, such as tumor capsule formation and vascular invasion, were assessed as described previously [11].
Selection of cut-off value for NLR

Methods
Patients and follow-up

A total of 222 patients included in this retrospective cohort study were randomly selected from 256 consecutive
patients with pathologically confirmed HCC who were
eligible for surgical resection in The First Affiliated Hospital of Chongqing Medical University from 2007 to
2010. Thirty-four patients were excluded according to
the following inclusion and exclusion criteria: (1) primary SHCC with a single tumor ≤5 cm, (2) Child-Pugh
A liver reserve function, (3) complete laboratory test
data, (4) the absence of preoperative extrahepatic metastases, (5) no preoperative anticancer treatments, (6)
tumor-free surgical margins, (7) complete patient records and follow-up data, and (8) survival for more than
30 days. The study was approved by the Ethics Committee of The First Affiliated Hospital of Chongqing Medical University, and written informed consents were
obtained from all patients.
Sixty-nine patients underwent TACE in 1 month after
surgery because they met the eligibility criteria for postoperative TACE in our department as follows: (1) age 18
to 70 years old, (2) Child-Pugh A or B liver function, (3)
no severe coagulopathy (platelet count ≥50 × 109/L or
prothrombin activity ≥40 %), (4) no obstructive jaundice,

Here, “minimum P value” approach [33, 34] was applied
to estimate an optimal cut-off of NLR for the best separation of patients’ TTR by X-tile software [36], version
3.6.1 (Yale University, New Haven, CT). Subsequently,
the prognostic significance of the NLR level in singlenodule SHCC was investigated. X-tile software was developed by Robert et al. from Yale University in 2004
[36]. X-tile plots can divide a population into three levels
(low, medium, and high level) and separate a single cohort into training and validation subgroups for P value
estimation. This software shows the users an “on-the-fly”
histogram which can provide an associated Kaplan-Meier
curve, and the best P value is available after rigorous statistical evaluation by X-tile.
Statistic analysis

Results were presented as the mean ± SD. For the comparison of variables, t test, χ2 test, and Spearman ρ coefficient test were carried out as appropriate, respectively.
Medium of age, alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TB), creatinine, platelet counts, neutrophil counts, lymphocyte
counts, and white blood cell (WBC) were used as cut-off
values. Univariate analysis and multivariate Cox proportional hazards model were used to estimate OS and
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TTR. All statistical analyses were completed with SPSS
16.0 (SPSS, Inc., Chicago, IL), and a two-tailed P value
less than 0.05 was considered significant.

Results
Baseline characteristics

The baseline characteristics of 222 SHCC patients with
single nodule were described in Table 1. Among them,
there were 189 men and 33 women with the average age
of 53 years. The median follow-up time was 42.4 months.
Of the 222 incident of SHCC cases, median tumor size
was 3.0 cm. A total of 114 patients had tumor ≤3.0 cm
in diameter, and 108 patients had tumor >3.0 cm in
diameter. According to the TNM staging system, 44
(19.8 %) patients in our study populations belonged to
stage IIIA (44/222). The median values of lymphocyte
counts, neutrophil counts, WBC counts, and NLR were
1.5 × 109/L, 2.9 × 109/L, 5.2 × 109/L, and 1.9, respectively.
Some laboratory tests were found to be higher than normal values. For example, median values of ALT (normal
value is 40 U/L) and AST (normal value is 40 U/L) were
39 and 33 U/L, respectively.
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A best cut-off value for NLR

According to the “minimum P value” approach, X-tile
software was applied to estimate the optimal cut-off of
NLR for the best separation of patients’ TTR (Fig. 1).
Here, P = 0.002 was minimum P value when NLR arrived
at 2.1, which subsequently was identified as the best cutoff point of NLR for operative recurrence. Accordingly,
all the patients were divided into two groups: a low-NLR
group (≤2.1, n = 130) and a high-NLR group (>2.1, n =
92, Table 1).

Correlation of NLR with clinicopathologic features

As shown in Table 1, preoperative NLR was associated
with some clinical pathologic characteristics. Old SHCC
patients had higher incidence to have elevated NLR (P =
0.049). Moreover, NLR (low vs high) was related with
several laboratory tests rather than tumor factor, such as
TB, WBC, and HBsAg (P = 0.012, <0.001 and 0.011, respectively). No obvious correlation with gender, ALT,
AST, TB, creatinine, and platelet counts was observed
(all P > 0.05).

Table 1 Characteristics of patients according to NLR
Characteristics

NLR

P

≤2.1 (n = 130) >2.1 (n = 92)
Gender (male vs female)

111 vs 19

78 vs 14

NS

Age

52.0 ± 11.3

55.1 ± 10.0

0.049

Albumin (g/L)

41.81 ± 5.13

42.13 ± 4.77

NS

ALT (U/L)

59.88 ± 82.22

64.65 ± 110.44

NS

AST (U/L)

39.25 ± 20.63

54.99 ± 83.46

NS

TB (mg/dL)

0.84 ± 0.34

1.16 ± 1.08

0.012

Cr (mg/dL)

0.87 ± 0.17

0.98 ± 0.78

NS

Lymphocyte counts (109/L)

1.80 ± 0.66

1.20 ± 0.50

<0.001

Neutrophil counts (10 /L)

2.59 ± 0.83

4.70 ± 2.61

<0.001

WBC counts (109/L)

4.90 ± 1.45

6.49 ± 2.79

<0.001

HBsAg (positive vs negative)

118 vs 12

72 vs 20

0.011

Anti-HCV (positive vs negative)

1 vs 129

0 vs 92

NS

9

AFP (ng/mL) (≤20 vs >20)

51 vs 79

40 vs 52

NS

INR

1.02 ± 0.077

1.03 ± 0.09

NS

Platelet counts (109/L)

137.36 ± 57.08

134.16 ± 62.42

NS

Vascular invasion (yes vs no)

25 vs 105

24 vs 68

NS

Tumor differentiation (I–II vs III–IV)

94 vs 36

73 vs 19

NS

Tumor encapsulation (yes vs no)

50 vs 80

45 vs 47

NS

Tumor size (≤3.0 vs >3.0)

74 vs 56

40 vs 52

NS

TNM stage (I–II vs IIIA)

108 vs 22

70 vs 22

NS

Postoperative TACE (yes vs no)

37 vs 93

32 vs 60

NS

Re-operation (yes vs no)

10 vs 120

6 vs 86

NS

NLR neutrophil-to-lymphocyte ratio, ALT alanine aminotransferase, AST aspartate aminotransferase, TB total bilirubin, Cr creatinine, WBC white blood cell, HBsAg
hepatitis B surface antigen, AFP alpha-fetoprotein, INR international normal ratio, TNM tumor-node-metastasis, TACE transarterial chemoembolization
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Fig. 1 X-tile plots of NLR on single-nodule small hepatocellular carcinoma following curative resection. The X-tile plots show the χ2 log-rank
values with cutpoint, producing low and high subgroups. a The X-axis represents all potential cut-off values from low to high (left to right) that
define a low subset, whereas the Y-axis represents cut-off values from high to low (top to bottom) that define a high subset. Red coloration of
cut-off values indicates an inverse correlation with time to recurrence, and green coloration represents direct associations. The optimal cut-off
value occurs at the brightest pixel (green or red). b A histogram of the entire cohort divided into low and high subgroups according to the
optimal cut-off value of NLR (2.1). c The statistical significance of relative risk (RR) generally assessed by Cox proportional hazards model. The X-axis
represents all potential cut-off values from low to high (left to right), and the Y-axis of the graph is log of the relative risks. The red line is the
optimal cutpoint of NLR (2.1). d A Kaplan-Meier plot of NLR for time to recurrence produced by the optimal cut-off value of NLR. Blue represents
the low subgroup, and gray represents the high subgroup

NLR was an independent prognostic factor

The 1-, 3-, and 5-year OS of these single-nodule SHCC patients were 94.1, 82.9, and 65.4 %, respectively, and the 1-,
3-, and 5-year TTR rates were 85.4, 66.7, and 45.9 %, respectively. On univariate analyses of our data, international
normal ratio (INR), platelet counts, and neutrophil counts

were demonstrated to be related with OS (P = 0.010, 0.046,
and 0.040, respectively). Old age, AFP, vascular invasion,
and re-operation showed association with TTR (P = 0.004,
0.043, 0.001, and <0.001, respectively). Moreover, tumor
size, postoperative TACE, and preoperative NLR had prognostic significance for both OS (P = 0.040, 0.001, and 0.014,

Table 2 Prediction of survival and recurrence of patients with a single nodule of SHCC following curative resection
Factors

OS

TTR

Univariate multivariate

Univariate multivariate

P

HR (95 % CI)

P

P

HR (95 % CI)

P

Age (≤53 vs >53)

NS

NA

0.004

NS

AFP(≤20 vs >20)

NS

NA

0.043

NS

INR (≤1.0 vs >1.0)

0.010

NS

NS

NA

PLT counts (≤127 vs >127)

0.046

NS

NS

NA

Neutrophil counts

0.040

0.001

NS

Vascular invasion (yes vs no)

NS

NA

0.001

Tumor size (≤3.0 vs >3.0)

0.040

Postoperative TACE (yes vs no)

0.001

Re-operation (yes vs no)

NS

NLR (>2.1 vs ≤2.1)

0.014

0.329 (0.174–0.623)

NS

<0.001

2.566 (1.488–4.424)

0.001

<0.001

NA
3.013 (1.633–5.561)

<0.001

NA
1.757 (1.110–2.781)

0.016
NS

2.175 (1.408–3.359)

<0.001

<0.001

9.037 (4.970–16.432)

<0.001

0.002

1.619 (1.057–2.478)

0.027

Univariate analysis Kaplan-Meier method, Multivariate analysis Cox proportional hazards regression model, SHCC small hepatocellular carcinoma,
AFP alpha-fetoprotein, INR international normal ratio, PLT platelet, TACE transarterial chemoembolization, NLR neutrophil-to-lymphocyte ratio, OS overall survival,
TTR time to recurrence, HR hazard ratio, NS not significant, NA not adopted
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respectively) and TTR (P < 0.001, <0.001, and 0.002, respectively, Table 2 and Fig. 2).
Then, multivariate analyses were used to examine
the association between significant clinical factors
and NLR. Neutrophil counts showed higher predictive value on OS (P = 0.001). Vascular invasion and reoperation were all independent predictors for TTR
(P = 0.016 and <0.001, respectively). Importantly, both
postoperative TACE and preoperative NLR had close
relationship with OS (P = 0.001 and <0.001, respectively) and TTR (P = <0.001 and 0.027, respectively).
In addition, the prognostic significance of preoperative NLR also applied to SHCC patients with low
AFP levels of ≤400 ng/mL by stratified analyses
(P = 0.007 for TTR and 0.009 for OS, respectively,
Fig. 3).

Discussion
Cancer is characterized by complex tissues closely related with chronic inflammatory contributing to progressive development and high postoperative recurrence risk

Page 5 of 8

[1]. There are increasing evidences that systemic inflammation is responsible for the tumor-promoting activities
and associated with the recurrence of certain tumors
[16, 17]. Recently, as a typical systematic inflammatory
biomarker, NLR has also been identified as a predictor
for the outcomes of various tumors [23–26]. However,
the reported cut-off values of NLR were different in various studies, which could not provide a consistent standard for comparison among different patient populations.
Therefore, for the first time, we used X-tile software, a
bio-informatics tool especially for biomarker assessment,
to determine the cut-off value of NLR in single-nodule
SHCC patients. In this study, we clearly observed that
using X-tile, high preoperative NLR could predict the
poor survival of SHCC patients with single nodule after
hepatectomy. This result revealed that even in small and
single tumor, systematic inflammatory responses play
critical roles and exist along the path of HCC progression. Moreover, we also found that postoperative TACE
could improve the outcomes of patients with singlenodule SHCC. However, the choice of postoperative

Fig. 2 Prognostic values of preoperative neutrophil-to-lymphocyte ratio (NLR) and postoperative transcatheter arterial chemoembolization (TACE).
a, b Kaplan-Meier estimates of time to recurrence (TTR) and overall survival (OS) of NLR which were divided into low (NLR ≤ 2.1) and high (NLR >
2.1) subgroups, respectively. c, d TTR (c) and OS (d) of patients with or without postoperative TACE by Kaplan-Meier analyses, respectively

Liao et al. World Journal of Surgical Oncology (2015) 13:265

Page 6 of 8

Fig. 3 Kaplan-Meier analyses of neutrophil-to-lymphocyte ratio (NLR) in the low AFP subgroup (≤400 ng/mL). NLR was divided into low (NLR ≤
2.1) and high (NLR > 2.1) subgroups by X-tile. In the low AFP subgroup (≤400 ng/mL), NLR could predict time to recurrence (a) and overall
survival (b), respectively

TACE could bias the survival outcomes because it is not
a randomized procedure, and the further randomized
controlled trial with larger sample size from multicenter
is necessary.
X-tile software was developed by Robert et al. [36],
aiming to assess the biological relationships between
biomarkers and outcomes of certain diseases. This tool
could produce corrected P values to evaluate statistical
significance of data assessed by multiple cutpoints. Consistent with previous applications [7, 9], X-tile produced
an optimal cut-off of NLR which presents an accurate
prognostic factor in cases of SHCC with single nodule.
We believe that there is no unique preoperative NLR
that satisfies all patient populations of the world. X-tile
could provide objective and accurate cut-off of NLR to
investigate its association with the recurrence of singlenodule SHCC.
In the present study, we found that NLR was associated to some laboratory parameters, such as TB
(P = 0.012), HBsAg (P = 0.011), and WBC (P < 0.001). On
one hand, the close relationship between NLR and WBC
demonstrated that NLR was an inflammation-related
biomarker and could accurately reflect an inflammatory
status. On the other hand, as well known, one of the typical features of HCC is a high frequency of hepatitis B or
C viral (HBV or HCV) infection and subsequently fibrosis or cirrhosis. As mentioned above, high NLR reflects
aggravated inflammatory status of SHCC patients, majority of who have poor liver function and high load of
hepatitis viral infection. Therefore, to some extent, TB
and HBsAg could respond to this disease condition. Although there was no association between NLR and
tumor factors, we thought that it was the reason of the
selection of patients who all were single-nodule SHCC
and had better tumor differentiation (I–II vs III–IV, 167

vs 55) and earlier tumor stage (I–II vs IIIA, 178 vs 44).
After all, among these patients, tumor-promoting inflammation would overwhelm antitumor immunity with
the development of tumor.
Although the precise tumor-promoting inflammatory
mechanisms related with NLR remain to be clear, our
previous studies and other investigations could provide
several possible explanations for the predictive value of
NLR. First, previous study found that intratumoral neutrophils could serve as a predictor for HCC recurrence
[20]. This result was consistent with other reports that
neutrophils promoted tumor invasion and formation of
hepatic metastasis via mutual interactions with HCC
cells [37] and circulating tumor cells [38]. We therefore
assume that neutrophil-mediated mechanisms are involved in extracellular matrix remodeling [20], growth
factors [20], and initial angiogenic switch [39] contributing to reroute the inflammatory response into a tumorpromoting direction. Second, elevated NLR usually represents relative lymphocytopenia. As we know, the host’s
anticancer immune response greatly depends on lymphocytes. Various types of lymphocytes such as intratumoral regulatory T cells [22], Th17 cells [7], and
gammadelta T cells [40] constituted the immunosuppressive network within the tumor milieu and may promote
proliferation and metastatic activity of tumor cells by the
roles in cytotoxic cell death and cytokine production [41].
Third, increased NLR may stand for the imbalance between tumor-promoting inflammation (neutrophils) and
antitumor immunity (lymphocytes), so that systemic inflammatory response has an overrepresentation, thereby
lead to a much worse prognosis for patients with SHCC.
This present study also revealed that many patients with
elevated NLR have high level of WBC, also showing
the critical role of inflammatory response in tumor
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development. Interestingly, a study built on a mouse
model demonstrated that naturally activated neutrophils (polarized N2 phenotype) promoted tumor progression partly related with suppression of CD8+ T
cells [42]. However, studies in depth are needed to
reveal the molecular mechanisms of NLR in SHCC
development.
Here, we did not find the relationship between preoperative NLR and early (≤24 months) or later recurrence (>24 months), probably because the follow-up
period was relatively short and sample size was small.
Another explanation may be the effect of inflammatory
response in single-nodule SHCC was obstructed in
time by surgery and various treatments before it spread
out completely. Moreover, many clinical studies demonstrated that low AFP levels of ≤400 ng/mL were a
significant favorable prognostic factor for HCC. Nevertheless, 30–40 % of HCC patients with low serum
AFP concentration had recurrence and were difficult to
monitor [43–45]. We found that preoperative NLR had
the ability to discriminate patients with worse survival
and higher recurrence rates even in the subgroup with
lower AFP levels of ≤400 ng/mL [44, 46]. Therefore,
single-nodule SHCC patients with higher preoperative
NLR and lower AFP (≤400 ng/mL) still require closer
follow-up since they have more possibilities to suffer
from tumor recurrence. But, AFP >400 ng/mL was not
shown any association with the poor outcomes of patients with single-nodule SHCC undergoing curative
resection. Considering the relative small sample size
(n = 53 for the patients with AFP >400 ng/mL), a conclusion about the proangiogenic role of low AFP levels
of >400 ng/mL in single-nodule SHCC should be cautiously interpreted.
Thus, we believe that in the future, larger patient
population or a validation cohort with longer follow-up
period could prove it as a clinically useful or applicable
finding for patients with single-nodule SHCC treated
with curative resection. Additionally, some biomarkers
were identified as good candidates of inflammatory
markers such as C-reactive protein, Treg, and Th17 lymphocytes. Therefore, further comparative study in HCC
would make us better understand the predictive value of
NLR as an inflammatory index if complete data could be
obtained.

Conclusions
In conclusion, we have shown that preoperative NLR, divided by X-tile for the cutpoint, is a simple biomarker of
systemic inflammatory response and unfavorable prognosis of single-nodule SHCC after curative resection. Although we also found that postoperative TACE could
improve the outcome of patients with single-nodule

Page 7 of 8

SHCC, the further randomized controlled trial with larger sample size from multicenter is necessary.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
RL and ZWT conceived and designed this study. DWL, PH, and SQL
contributed to the acquisition of the data. CYD participated in the study
design and coordination and data analysis and interpretation and drafted
the manuscript. All authors read and approved the final manuscript.
Acknowledgements
Grant was supported by the National Natural Science Foundation of China (No.
81301656) and Basic and Advanced Research Project of Science and
Technology Commission of Yuzhong District of Chongqing (No. 20140109). We
thank Gen-Sheng Feng (Department of Pathology and Division of Biological
Sciences, University of California, San Diego, USA) for the critical review of the
manuscript.
Author details
1
Department of Hepatobiliary Surgery, The First Affiliated Hospital of
Chongqing Medical University, Chongqing 400016, China. 2Department of
General Surgery, Mianyang Central Hospital, Mianyang 621000, China.
Received: 29 May 2015 Accepted: 3 August 2015

References
1. Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer. Cell.
2010;140:883–99.
2. Hernandez-Gea V, Toffanin S, Friedman SL, Llovet JM. Role of the
microenvironment in the pathogenesis and treatment of hepatocellular
carcinoma. Gastroenterology. 2013;144:512–27.
3. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et al. Rapid health
transition in China, 1990–2010: findings from the Global Burden of Disease
Study 2010. Lancet. 2013;381:1987–2015.
4. Poon RT. Prevention of recurrence after resection of hepatocellular
carcinoma: a daunting challenge. Hepatology. 2011;54:757–9.
5. Maluccio M, Covey A. Recent progress in understanding, diagnosing, and
treating hepatocellular carcinoma. CA Cancer J Clin. 2012;62:394–9.
6. Liao R, Sun TW, Yi Y, Wu H, Li YW, Wang JX, et al. Expression of TREM-1 in
hepatic stellate cells and prognostic value in hepatitis B-related
hepatocellular carcinoma. Cancer Sci. 2012;103:984–92.
7. Liao R, Sun J, Wu H, Yi Y, Wang JX, He HW, et al. High expression of IL-17
and IL-17RE associate with poor prognosis of hepatocellular carcinoma.
J Exp Clin Cancer Res. 2013;32:3.
8. Liao R, Wu H, Yi Y, Wang JX, Cai XY, He HW, et al. Clinical significance and
gene expression study of human hepatic stellate cells in HBV relatedhepatocellular carcinoma. J Exp Clin Cancer Res. 2013;32:22.
9. Xu YF, Yi Y, Qiu SJ, Gao Q, Li YW, Dai CX, et al. PEBP1 downregulation is
associated to poor prognosis in HCC related to hepatitis B infection.
J Hepatol. 2010;53:872–9.
10. Wang H, Li H, Zhang Y, Wei Q, Ma H, Wu D, et al. Label-free immunosensor
based on Pd nanoplates for amperometric immunoassay of alphafetoprotein. Biosens Bioelectron. 2014;53:305–9.
11. Budhu A, Forgues M, Ye QH, Jia HL, He P, Zanetti KA, et al. Prediction of
venous metastases, recurrence, and prognosis in hepatocellular carcinoma
based on a unique immune response signature of the liver
microenvironment. Cancer Cell. 2006;10:99–111.
12. Sherman M. Recurrence of hepatocellular carcinoma. N Engl J Med.
2008;359:2045–7.
13. Chen L, Zhang Q, Chang W, Du Y, Zhang H, Cao G. Viral and host
inflammation-related factors that can predict the prognosis of
hepatocellular carcinoma. Eur J Cancer. 2012;48:1977–87.
14. Barash H, Gross RE, Edrei Y, Ella E, Israel A, Cohen I, et al. Accelerated
carcinogenesis following liver regeneration is associated with chronic
inflammation-induced double-strand DNA breaks. Proc Natl Acad Sci U S A.
2010;107:2207–12.
15. Yamamura K, Sugimoto H, Kanda M, Yamada S, Nomoto S, Nakayama G,
et al. Comparison of inflammation-based prognostic scores as predictors of

Liao et al. World Journal of Surgical Oncology (2015) 13:265

16.
17.

18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

tumor recurrence in patients with hepatocellular carcinoma after curative
resection. J Hepatobiliary Pancreat Sci. 2014;21:682–8.
Schreiber H, Rowley DA. Cancer. Awakening immunity. Science.
2010;330:761–2.
Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-related
inflammation, the seventh hallmark of cancer: links to genetic instability.
Carcinogenesis. 2009;30:1073–81.
Hoffmann A, Xia Y, Verma IM. Inflammatory tales of liver cancer. Cancer Cell.
2007;11:99–101.
Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011;144:646–74.
Li YW, Qiu SJ, Fan J, Zhou J, Gao Q, Xiao YS, et al. Intratumoral neutrophils:
a poor prognostic factor for hepatocellular carcinoma following resection.
J Hepatol. 2011;54:497–505.
Li YW, Qiu SJ, Fan J, Gao Q, Zhou J, Xiao YS, et al. Tumor-infiltrating
macrophages can predict favorable prognosis in hepatocellular
carcinoma after resection. J Cancer Res Clin Oncol. 2009;135:439–49.
Gao Q, Qiu SJ, Fan J, Zhou J, Wang XY, Xiao YS, et al. Intratumoral balance
of regulatory and cytotoxic T cells is associated with prognosis of
hepatocellular carcinoma after resection. J Clin Oncol. 2007;25:2586–93.
Walsh SR, Cook EJ, Goulder F, Justin TA, Keeling NJ. Neutrophillymphocyte ratio as a prognostic factor in colorectal cancer. J Surg
Oncol. 2005;91:181–4.
Stotz M, Gerger A, Eisner F, Szkandera J, Loibner H, Ress AL, et al. Increased
neutrophil-lymphocyte ratio is a poor prognostic factor in patients with
primary operable and inoperable pancreatic cancer. Br J Cancer.
2013;109:416–21.
Ishizuka M, Oyama Y, Abe A, Kubota K. Combination of platelet count and
neutrophil to lymphocyte ratio is a useful predictor of postoperative survival
in patients undergoing surgery for gastric cancer. J Surg Oncol.
2014;110:935–41.
Mano Y, Shirabe K, Yamashita Y, Harimoto N, Tsujita E, Takeishi K, et al.
Preoperative neutrophil-to-lymphocyte ratio is a predictor of survival after
hepatectomy for hepatocellular carcinoma: a retrospective analysis. Ann
Surg. 2013;258:301–5.
Liao W, Zhang J, Zhu Q, Qin L, Yao W, Lei B, et al. Preoperative neutrophilto-lymphocyte ratio as a new prognostic marker in hepatocellular
carcinoma after curative resection. Transl Oncol. 2014;7:248–55.
Motomura T, Shirabe K, Mano Y, Muto J, Toshima T, Umemoto Y, et al.
Neutrophil-lymphocyte ratio reflects hepatocellular carcinoma recurrence
after liver transplantation via inflammatory microenvironment. J Hepatol.
2013;58:58–64.
Huang ZL, Luo J, Chen MS, Li JQ, Shi M. Blood neutrophil-to-lymphocyte
ratio predicts survival in patients with unresectable hepatocellular
carcinoma undergoing transarterial chemoembolization. J Vasc Interv Radiol.
2011;22:702–9.
Chen TM, Lin CC, Huang PT, Wen CF. Neutrophil-to-lymphocyte ratio
associated with mortality in early hepatocellular carcinoma patients
after radiofrequency ablation. J Gastroenterol Hepatol. 2012;27:553–61.
Halazun KJ, Hardy MA, Rana AA, Woodland DC, Luyten EJ, Mahadev S,
et al. Negative impact of neutrophil-lymphocyte ratio on outcome after
liver transplantation for hepatocellular carcinoma. Ann Surg.
2009;250:141–51.
Dan J, Zhang Y, Peng Z, Huang J, Gao H, Xu L, et al. Postoperative
neutrophil-to-lymphocyte ratio change predicts survival of patients with
small hepatocellular carcinoma undergoing radiofrequency ablation. PLoS
One. 2013;8, e58184.
Altman DG, Lausen B, Sauerbrei W, Schumacher M. Dangers of using
“optimal” cutpoints in the evaluation of prognostic factors. J Natl Cancer
Inst. 1994;86:829–35.
Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pages C,
et al. Type, density, and location of immune cells within human colorectal
tumors predict clinical outcome. Science. 2006;313:1960–4.
Llovet JM, Di Bisceglie AM, Bruix J, Kramer BS, Lencioni R, Zhu AX, et al.
Design and endpoints of clinical trials in hepatocellular carcinoma. J Natl
Cancer Inst. 2008;100:698–711.
Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for
biomarker assessment and outcome-based cut-point optimization. Clin
Cancer Res. 2004;10:7252–9.
Imai Y, Kubota Y, Yamamoto S, Tsuji K, Shimatani M, Shibatani N, et al.
Neutrophils enhance invasion activity of human cholangiocellular

Page 8 of 8

38.

39.

40.

41.

42.

43.

44.

45.

46.

carcinoma and hepatocellular carcinoma cells: an in vitro study.
J Gastroenterol Hepatol. 2005;20:287–93.
McDonald B, Spicer J, Giannais B, Fallavollita L, Brodt P, Ferri LE. Systemic
inflammation increases cancer cell adhesion to hepatic sinusoids by
neutrophil mediated mechanisms. Int J Cancer. 2009;125:1298–305.
Nozawa H, Chiu C, Hanahan D. Infiltrating neutrophils mediate the initial
angiogenic switch in a mouse model of multistage carcinogenesis. Proc
Natl Acad Sci U S A. 2006;103:12493–8.
Yi Y, He HW, Wang JX, Cai XY, Li YW, Zhou J, et al. The functional
impairment of HCC-infiltrating gammadelta T cells, partially mediated by
regulatory T cells in a TGFbeta- and IL-10-dependent manner. J Hepatol.
2013;58:977–83.
Ding PR, An X, Zhang RX, Fang YJ, Li LR, Chen G, et al. Elevated
preoperative neutrophil to lymphocyte ratio predicts risk of recurrence
following curative resection for stage IIA colon cancer. Int J Colorectal Dis.
2010;25:1427–33.
Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng G, Ling L, et al. Polarization of
tumor-associated neutrophil phenotype by TGF-beta: “N1” versus “N2” TAN.
Cancer Cell. 2009;16:183–94.
Zhou J, Yu L, Gao X, Hu J, Wang J, Dai Z, et al. Plasma microRNA panel to
diagnose hepatitis B virus-related hepatocellular carcinoma. J Clin Oncol.
2011;29:4781–8.
Ma WJ, Wang HY, Teng LS. Correlation analysis of preoperative serum
alpha-fetoprotein (AFP) level and prognosis of hepatocellular carcinoma
(HCC) after hepatectomy. World J Surg Oncol. 2013;11:212.
Sun YF, Xu Y, Yang XR, Guo W, Zhang X, Qiu SJ, et al. Circulating stem
cell–like epithelial cell adhesion molecule-positive tumor cells indicate poor
prognosis of hepatocellular carcinoma after curative resection. Hepatology.
2013;57:1458–68.
Wang CC, Iyer SG, Low JK, Lin CY, Wang SH, Lu SN, et al. Perioperative
factors affecting long-term outcomes of 473 consecutive patients
undergoing hepatectomy for hepatocellular carcinoma. Ann Surg Oncol.
2009;16:1832–42.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

