
Clinical Study
Neutrophil-to-Lymphocyte Ratio as a Predictor of Response to
Peginterferon plus Ribavirin Therapy for Chronic Hepatitis C

Ming-Te Kuo, Tsung-Hui Hu, Sheng-Nan Lu, Chao Hung Hung, Jing-Houng Wang,
Chien-Hung Chen, Yi-Chun Chiu, and Chuan-Mo Lee

Division of Hepato-Gastroenterology, Department of Internal Medicine, Kaohsiung Chang Gung Memorial Hospital and
Chang Gung University College of Medicine, 123 Ta Pei Road, Niao Sung, Kaohsiung 833, Taiwan

Correspondence should be addressed to Chao Hung Hung; chh4366@yahoo.com.tw

Received 29 June 2014; Accepted 4 November 2014; Published 18 November 2014

Academic Editor: Silvia Persichilli

Copyright © 2014 Ming-Te Kuo et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

We aimed to determine whether neutrophil-to-lymphocyte ratio (NLR) could be a predictor of antiviral response in chronic
hepatitis C patients. A total of 602 consecutive patients (genotype 1, 𝑛 = 263; genotype 2, 𝑛 = 297; others/unknown, 𝑛 = 42)
receiving response-guided therapy with peginterferon plus ribavirin were recruited. NLR was related to clinical and virological
features and to treatment outcome. Rapid virological response (RVR) and sustained virological response (SVR) were achieved in
436 (73%) and 458 (76%) of the patients, respectively. Higher NLR (≥1.42) was found to be associated with higher prevalence of
DM (𝑃 = 0.039) and higher hepatitis C viral load (𝑃 = 0.002) and white cell count (𝑃 < 0.001). NLR was significantly lower in
patients with RVR and SVR compared to those without (𝑃 = 0.032 and 0.034, resp.). However, NLR was not an independent factor
by multivariate analysis. In the subgroup analysis, higher NLR (≥1.42) (odds ratio, 0.494, 𝑃 = 0.038) was an independent poor
predictor of SVR in genotype 2 patients but was not in genotype 1 patients. In conclusion, NLR is a simple and easily accessible
marker to predict response to peginterferon plus ribavirin therapy for chronic hepatitis C genotype 2.

1. Introduction

Chronic hepatitis C virus (HCV) infection can lead to chronic
hepatitis, liver cirrhosis, and eventually hepatocellular carci-
noma (HCC) [1–3]. The associated complications, mortality,
and need for liver transplantation are worldwide problems
[3]. The treatment goal of chronic hepatitis C is to achieve
sustained virological response (SVR), which can decrease
remarkably the associated complications of end stage liver
disease and the risk of HCC development [4–6]. Nowadays,
the optimal treatment regimen for chronic HCV infection
is unclear since many new direct antiviral agents have been
developing [7, 8]. Peginterferon plus ribavirin remains the
current first line of therapy for HCV in resource-limited
settings where these new therapies cannot be afforded [9, 10].
Therefore, it is of clinical importance to identify patients who
are or are not good candidates for peginterferon plus ribavirin
therapy. Several factors have been reported to predict the
treatment response of peginterferon plus ribavirin therapy,
including baseline viral loads [11], HCV variations [12], race,

interleukin (IL)28B polymorphisms [12, 13], age, body weight
[14], insulin resistance [15], and so forth.

Neutrophil-to-lymphocyte ratio (NLR) is a novel-poten-
tial laboratorymarker to determine systemic inflammation in
the body and being measured routinely in peripheral blood.
This ratio can be obtained easily from the differential white
blood cell (WBC) count. It has a greater predictability than
total WBC count or neutrophil count as a useful prognostic
marker in cardiovascular diseases [16]. It has been reported
to be associated with adverse outcome in various types of
cancer, including colorectal cancer [17], esophageal cancer
[18], gastric cancer [19], and pancreatic cancer [20]. In addi-
tion, recent data have also suggested that an elevated NLR
may correlate with worse prognosis in patients with HCC
who underwent transcatheter arterial chemoembolization,
radiofrequency, resection, or orthotopic liver transplantation
[21–24].

To our knowledge, NLR and the association of clinical
features and antiviral response in chronic hepatitis C patients
have not been investigated.Thus, we conducted a large cohort
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of chronic hepatitis C patients receiving response-guided
therapy with peginterferon plus ribavirin to clarify these
issues.

2. Materials and Methods

2.1. Patients. From January 2010 toOctober 2012, we enrolled
602 näıve patients with chronic HCV infection who were
eligibly treated with peginterferon and ribavirin combina-
tion therapy in single medical center. The diagnosis of
chronic hepatitis C was seropositive for HCV antibodies
and detectable HCV RNA for more than 6 months. Clinical
diagnosis of cirrhosis was based on repeated ultrasound
findings suggestive of cirrhosis at least twice 3 months
apart, supplemented with clinical criteria or other signs of
portal hypertension [25]. Patients were excluded if they were
positive for serum hepatitis B surface antigen or anti-human
immunodeficiency virus antibody or exhibited other causes
of hepatocellular injury (alcoholism, autoimmune liver dis-
ease, or treatment with hepatotoxic drugs). In addition,
patients with uncontrolled diabetes, heart failure, coronary
artery diseases, arrhythmia, chronic systemic inflammatory
disease, malignancy, and other diseases which might affect
the NLR were also excluded.

Patients were treated according to the on-treatment
response as follows: 24 weeks for patients achieving a rapid
virological response (RVR, seronegativity of HCV RNA at 4
weeks of therapy), 48 weeks for those with an early virological
response (EVR, at least a 2-log10 decrease from baseline
of serum HCV RNA at 12 weeks of treatment) but no
RVR, and early termination (<16 weeks) in those without an
EVR [12]. This protocol was recommended by the National
Health Insurance Bureau in Taiwan sinceNovember 2009. All
patients received either peginterferon alfa-2a (180 𝜇g/week)
or peginterferon alfa-2b (1.5 𝜇g/kg/week) subcutaneously
plus weight-based ribavirin (1000mg/d for weight < 75 kg
and 1200mg/d for weight > 75 kg). SVR was defined as
undetectable HCV RNA throughout 24 weeks of posttreat-
ment follow-up period.This study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the ethical committees of ChangGungMemorial
Hospital.

2.2. Laboratory Assays. Before treatment, qualitative detec-
tion of HCV RNA was performed by a standardized qual-
itative reverse transcription- (RT-) PCR assay (Amplicor,
RocheDiagnostics, Branchburg, NJ, USA), using biotinylated
primers for the 5 noncoding region. The lowest detection
limit of this assay was 50 international units (IU)/mL. Serum
HCV RNA levels were determined by COBAS TaqMan HCV
Test (TaqMan HCV; Roche Molecular Systems Inc., Branch-
burg, NJ, lower limit of detection: 15 IU/mL). Genotyping of
HCV was performed by reverse hybridization assay (Inno-
LiPA HCV II; Innogenetics N.V., Gent, Belgium) using the
HCV-Amplicor products.

NLR was calculated from the differential count by
dividing the neutrophil measurement by the lymphocyte
measurement before treatment. None of the patients showed

Table 1: Baseline characteristics of the study population.

Variables
Age (mean ± SD) (yr) 54.3 ± 11.1
Gender (male/female) 316/286
rs12979860 (CC/CT or TT)∗ 422/67
Cirrhosis (%) 91 (15%)
DM (%) 103 (17%)
BMI (kg/m2) 24.7 ± 3.7
Log HCV-RNA (IU/mL) 5.4 ± 1.0
Genotype 1/2/3/5/6∗∗ 263/297/9/1/14
WBC (103/𝜇L) 5.8 ± 1.7
N-L ratio 1.60 ± 0.89
Platelet (104/𝜇L) 17.6 ± 5.9
Available in 489 (81%)∗ and 584 (97%)∗∗ of patients.
DM: diabetes mellitus; BMI: body mass index; RVR: rapid virological
response; WBC: white cell count; N-L ratio: neutrophil-lymphocyte ratio.

the clinical signs of acute infection or stress or received
medications affecting the number of leukocytes. Laboratory
data, including aspartate aminotransferase (AST), alanine
aminotransferase (ALT), platelet counts, baseline viral load,
and IL28B polymorphism were also collected.

2.3. Statistical Analysis. Continuous data are expressed as
mean ± standard deviation, and the categorical data are
expressed as number (percentage). Comparisons of differ-
ences in categorical date between groups were performed
using the chi-square test. Distributions of continuous vari-
ables were analyzed by Student’s t-test or Mann-Whitney 𝑈
test for the two groups where appropriate. The best cutoff
point of NLR for predicting SVR was determined by receiver
operating characteristic curve analysis. Stepwise logistic
regression analysis was used to identify the independent
factors associated with SVR. A 𝑃 value of less than 0.05 was
considered significant.

3. Results

3.1. Patient Baseline Characteristics. Patient characteristics
are shown in Table 1. They were 316 men and 286 women,
21 to 81 years old, with a mean age of 54.3 ± 11.1 years. Of
them, 91 patients (15%) had cirrhosis and 103 (17%) patient
had diabetes. Two hundred sixty-three (45%) patients were
infected with genotype 1 and 297 (50%) were infected with
genotype 2. The pretreatment mean NLR was 1.6.

Of these patients, 436 (72.5%) patients achieved RVR, 152
(25.2%) achieved an EVRwithout RVR, and 14 (2.3%) had no
EVR.The rates of SVRwere 85%of RVRpatients, 58% of EVR
patients, and 0% of non-EVR patients, respectively.

3.2. Analysis of Factors Associated with RVR and SVR. As
shown in Table 2, significant factors associated RVR were
young age (𝑃 = 0.032), IL28B CC genotype (𝑃 < 0.001),
non-cirrhosis (𝑃 < 0.001), low viral load (𝑃 < 0.001),
HCV genotype non-1 (𝑃 < 0.001), and lower NLR (𝑃 =
0.032) by univariate analysis. On the other hand, young age
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Table 2: Factors associated with rapid virological response and sustained virological response to peginterferon plus ribavirin in chronic
hepatitis C patients.

RVR
(𝑛 = 436)

Non-RVR
(𝑛 = 166) 𝑃 value SVR

(𝑛 = 458)
Non-SVR
(𝑛 = 144) 𝑃 value

Age (mean ± SD) (yr) 53.7 ± 11.5 55.8 ± 10.0 0.032 53.6 ± 11.1 56.5 ± 10.8 0.006
Gender (male/female) 237/199 79/87 0.082 243/215 73/71 0.634
rs12979860 (CC/CT or TT) 312/34 110/33 <0.001 326/40 96/27 0.004
Cirrhosis (%) 57 (13%) 34 (20%) <0.001 51 (11%) 40 (28%) <0.001
DM (%) 76 (17%) 27 (16%) 0.418 71 (16%) 32 (22%) 0.075
BMI (kg/m2) 24.6 ± 3.7 25.1 ± 3.9 0.161 24.6 ± 3.6 25.1 ± 4.1 0.161
Log HCV-RNA (IU/mL) 5.2 ± 1.0 6.1 ± 0.6 <0.001 5.3 ± 1.0 5.9 ± 0.7 <0.001
Genotype 1/non-1 126/296 137/25 <0.001 177/269 86/52 <0.001
RVR (%) — — — 370 (81%) 66 (46%) <0.001
WBC (103/𝜇L) 5.8 ± 1.6 5.8 ± 1.9 0.597 5.8 ± 1.7 6.0 ± 4.2 0.482
N-L ratio 1.55 ± 0.82 1.74 ± 1.05 0.032 1.55 ± 0.75 1.78 ± 1.24 0.034
Platelet (104/𝜇L) 17.7 ± 5.7 17.2 ± 6.4 0.424 17.9 ± 5.6 16.6 ± 6.8 0.037
RVR: rapid virological response; DM: diabetes mellitus; BMI: body mass index; HCV: hepatitis C virus; RVR: rapid virological response; N-L ratio: neutrophil-
lymphocyte ratio.
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Figure 1:The comparison of RVR between patients with lower NLR
(<1.42) and higher NLR (≥1.42), as determined by using ROC curve
analysis.

(𝑃 = 0.006), IL28B CC genotype (𝑃 = 0.004), non-cirrhosis
(𝑃 < 0.001), low viral load (𝑃 < 0.001), HCV genotype
non-1 (𝑃 < 0.001), RVR achievement (𝑃 < 0.001), lower
NLR (𝑃 = 0.034), and high platelet count (𝑃 = 0.037) were
significantly associated with SVR by univariate analysis.

3.3. Comparison of Chronic Hepatitis C Patients withHigher or
LowerNLR. Figures 1 and 2 show the comparison of RVRand
SVR rate between patients with lowerNLR (<1.42) and higher
NLR (≥1.42), as determined by using ROC curve analysis. In
HCV genotype non-1 group, patients with higher NLR had
a lower rate of RVR and SVR compared to those with lower
NLR (RVR: 𝑃 = 0.006, SVR: 𝑃 = 0.015, resp.), while in HCV
geno-1 group, these significant differences were not found.

Table 3 shows the comparison of clinical and laboratory
characteristics of chronic hepatitis C patients with higher or
lower NLR. We found that patients with higher NLR had
higher prevalence of DM (𝑃 = 0.039) and higher HCV load
(𝑃 = 0.002) and white cell count (𝑃 < 0.001) as compared
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Figure 2:The comparison of SVR between patients with lower NLR
(<1.42) and higher NLR (≥1.42).

to those with lower NLR. These significant associations were
not different between genotype 1 and non-1 patients.

3.4. Multivariate Analysis of Factors Associated with SVR.
Based on stepwise logistic regression analysis, the achieve-
ment of RVR (odds ratio (OR): 2.293, 95% confidence interval
(CI): 1.325–3.970; 𝑃 = 0.003), IL28B CC genotype (OR:
2.482, 95% CI: 1.332–4.627; 𝑃 = 0.004), low viral load (OR:
2.227, 95% CI: 1.342–3.690; 𝑃 = 0.002), and high platelet
counts (OR: 1.695, 95% CI: 1.054–2.723; 𝑃 = 0.029) were
independent factors predicting SVR in this cohort. As for
genotype 1 patients, only RVR (OR: 2.786, 95% CI: 1.487–
3.970; 𝑃 = 0.001) and IL28B CC type (OR: 2.881, 95% CI:
1.216–6.827; 𝑃 = 0.016) were independent factors, while
among genotype 2 patients, high NLR (OR: 0.494, 95%
CI: 0.253–0.963; 𝑃 = 0.038) was an independent factor
predicting SVR, in addition to low viral load (OR: 3.086, 95%
CI: 1.570–6.060; 𝑃 = 0.001), RVR achievement (OR: 2.873,
95% CI: 1.113–7.19; 𝑃 = 0.029), and high platelet counts (OR:
2.417, 95% CI: 1.240–4.714; 𝑃 = 0.01) (Table 4).
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Table 3: Comparison of clinical and laboratory characteristics
between high and low neutrophil-lymphocyte ratio of chronic
hepatitis C patients.

High N-L
ratio ≥ 1.42∗
(𝑛 = 306)

Low N-L
ratio < 1.42
(𝑛 = 296)

𝑃 value

Age (mean ±
SD) (yr) 53.5 ± 11.8 55.0 ± 10.4 0.101

Gender
(male/female) 169/137 147/149 0.192

rs12979860
(CC/CT or TT) 218/32 96/27 0.600

Cirrhosis (%) 53 (17%) 38 (13%) 0.139
DM (%) 61 (20%) 42 (14%) 0.039
BMI (kg/m2) 24.6 ± 4.0 24.9 ± 3.4 0.299
Log HCV-RNA
(IU/mL) 5.6 ± 0.9 5.3 ± 1.0 0.002

Genotype
1/non-1 140/158 123/163 0.360

WBC (103/𝜇L) 6.2 ± 3.2 5.4 ± 1.5 <0.001
Hemoglobin
(g/dL) 14.1 ± 1.7 14.1 ± 1.4 0.846

Platelet (104/𝜇L) 17.8 ± 6.1 17.3 ± 5.7 0.307
∗As determined by ROC curve for best cut-off for predicting SVR.
N-L ratio: neutrophil-lymphocyte ratio; DM: diabetes mellitus; BMI: body
mass index; RVR: rapid virological response; WBC: white cell count.

Table 4: Stepwise logistic regression analysis of factors associated
with sustained virological response.

Odds ratio 95% CI 𝑃 value
Total (𝑛 = 602)

RVR 2.293 1.325–3.970 0.003
rs12979860 CC type 2.482 1.332–4.627 0.004
Viral load < 40 × 104 IU/mL 2.227 1.342–3.690 0.002
Platelet ≥ 15 × 104/𝜇L 1.695 1.054–2.723 0.029

Genotype 1 (𝑛 = 263)
RVR 2.786 1.487–3.970 0.001
rs12979860 CC type 2.881 1.216–6.827 0.016

Genotype 2 (𝑛 = 297)
Viral load <40 × 104 IU/mL 3.086 1.570–6.060 0.001
RVR 2.873 1.113–7.19 0.029
Platelet ≥ 15 × 104/𝜇L 2.417 1.240–4.714 0.010
N-L ratio > 1.42 0.494 0.253–0.963 0.038

CI: confidence interval; RVR: rapid virological response; N-L ratio:
neutrophil-lymphocyte ratio.

4. Discussion

Over the past decade, several factors probably affecting the
treatment response to peginterferon plus ribavirin therapy
for chronic hepatitis C have been reported [11–15]. Of
great importance, IL28B polymorphism and viral factors
including genotype, viral load, and HCV variations have
been the strongest predictors [11–13]. In this present study,

we investigated the role of NLR, an emerging parameter
that reflects systemic inflammation as well as the general
nutrition status, in the association of antiviral response for
chronic hepatitis C. Although univariate analysis showed the
significant association of NLR with RVR and SVR, NLR was
not an independent factor by stepwise logistic regression
analysis, while in the subgroup analysis, higher NLR was an
independent poor predictor of SVR in patients with genotype
2 but was not in those with genotype 1. To our knowledge,
this is the first report discussing the utility of NLR to predict
treatment response to peginterferon plus ribavirin therapy for
chronic hepatitis C. However, further studies are necessary to
understand the different impact of NLR on antiviral response
between genotypes.

In our study, we have found a significant correlation
between NLR and HCV load. This finding could partially
explain the negative impact of higher NLR on the antiviral
response. Although the precise mechanism in this asso-
ciation remains unclear, it can be speculated that higher
NLR partially from the reduction of lymphocyte count is
involved in the enhanced HCV replication. This hypothesis
is supported by a recent study showing that lymphopenia
was significantly associated with HCV replication and higher
rates of HCV recurrence after liver transplantation [26]. On
the other hand, another interesting finding of our study
was that higher NLR was associated with higher prevalence
of DM. This finding was consistent with recent evidence
that showed a significant positive correlation of NLR with
the development of insulin resistance and type 2 DM [27].
Given the association between insulin resistance/DM and
poor response to IFN-based therapy [15], higher NLR might
therefore affect the treatment outcome in chronic hepatitis C
patients although there was a borderline significance between
DM and SVR in our cohort. Further studies are necessary to
clarify the relationship between insulin resistance and NLR.

Previous studies have discussed the association of dif-
ferential WBC count and response to peginterferon plus
ribavirin therapy in chronic hepatitis C. A higher baseline
neutrophils count (>2300/uL) was reported to predict a
greater likelihood of SVR [28]. Another study showed that
lymphocytosis was associated with lower rate of SVR [29].
These findings were considerably different from that in
our study. However, these contradictory results could be
explained by the smaller case numbers in their studies and the
limited interpretation since absolute number of individual
cell types is more easily affected by different situation,
including infection, stress, or medication and various phys-
iological conditions such as dehydration and exercise [16].
In contrast, NLR is a ratio of two different complementary
immune pathways, thus integrating the deleterious effects of
neutrophils. Using NLR instead of either one cell count level
should be more objective.

Currently, there is no universal cut-off point of NLR
for predicting clinical outcomes in a variety of diseases. As
the prognostic role in patients with cancer, a threshold of
NLR > 5 was the most consistently used. In patients with
cancer, neutrophil levels canmodify and provide an adequate
environment for tumor progression and development [30].
Increasing infiltration of CD4+ T lymphocytes at tumor



Disease Markers 5

margins has been proven to be associatedwith less recurrence
and better prognosis in colorectal cancer and HCC [31, 32]. It
is also well established that cancer-related systemic inflam-
matory response is associated with alternation in circulating
white blood cells, specifically the presence of neutrophilia
with a relative lymphocytopenia [33]. Taken together, these
factors could contribute to the higher threshold of NLR in
cancer patients, while in patients with chronic hepatitis C,
the best cutoff point of NLR for predicting SVRwas relatively
lower (1.42 in our cohort). This might be related to virus
infection that could lead to elevated lymphocyte level and
lower threshold of NLR.

5. Conclusion

Our study demonstrated that higher NLR was associated
with higher prevalence of DM and higher hepatitis C viral
load. NLR is a simple and easily accessible marker to predict
treatment response to peginterferon plus ribavirin therapy
for chronic hepatitis C genotype 2 patients. Further studies
are needed to externally cross-validate our finding in other
cohorts.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This study was supported in part by a Grant CMRPG8C0961
from Chang Gung Memorial Hospital, Taiwan.

References

[1] B. Hajarizadeh, J. Grebely, and G. J. Dore, “Epidemiology and
natural history of HCV infection,” Nature Reviews Gastroen-
terology and Hepatology, vol. 10, no. 9, pp. 553–562, 2013.

[2] J. Massard, V. Ratziu, D. Thabut et al., “Natural history and
predictors of disease severity in chronic hepatitis C,” Journal of
Hepatology, vol. 44, supplement 1, pp. S19–S24, 2006.

[3] K. Mohd Hanafiah, J. Groeger, A. D. Flaxman, and S. T.
Wiersma, “Global epidemiology of hepatitis C virus infection:
new estimates of age-specific antibody to HCV seroprevalence,”
Hepatology, vol. 57, no. 4, pp. 1333–1342, 2013.

[4] A. G. Singal, M. L. Volk, D. Jensen, A. M. Di Bisceglie, and
P. S. Schoenfeld, “A sustained viral response is associated with
reduced liver-related morbidity and mortality in patients with
hepatitis C virus,”Clinical Gastroenterology andHepatology, vol.
8, no. 3, pp. 280–288, 2010.

[5] C. H. Hung, C. M. Lee, J. H. Wang et al., “Impact of diabetes
mellitus on incidence of hepatocellular carcinoma in chronic
hepatitis C patients treated with interferon-based antiviral
therapy,” International Journal of Cancer, vol. 128, no. 10, pp.
2344–2352, 2011.

[6] R. L. Morgan, B. Baack, B. D. Smith, A. Yartel, M. Pitasi, and
Y. Falck-Ytter, “Eradication of hepatitis C virus infection and
the development of hepatocellular carcinoma: a meta-analysis
of observational studies,” Annals of Internal Medicine, vol. 158,
no. 5, pp. 329–337, 2013.

[7] M. G. Ghany, D. R. Nelson, D. B. Strader, D. L. Thomas, and L.
B. Seeff, “An update on treatment of genotype 1 chronic hepatitis
C virus infection: 2011 practice guideline by the American
Association for the Study of Liver Diseases,”Hepatology, vol. 54,
no. 4, pp. 1433–1444, 2011.

[8] J.-M. Pawlotsky, “New antiviral agents for hepatitis C,” F1000
Biology Reports, vol. 4, no. 1, article 5, 2012.

[9] M. W. Fried, M. L. Shiffman, K. Rajender Reddy et al.,
“Peginterferon alfa-2a plus ribavirin for chronic hepatitis C
virus infection,”The New England Journal of Medicine, vol. 347,
no. 13, pp. 975–982, 2002.

[10] J. G. McHutchison, E. J. Lawitz, M. L. Shiffman et al., “Peginter-
feron alfa-2b or alfa-2a with ribavirin for treatment of hepatitis
C infection,”The New England Journal of Medicine, vol. 361, no.
6, pp. 580–593, 2009.

[11] A. Kau, J. Vermehren, and C. Sarrazin, “Treatment predictors of
a sustained virologic response in hepatitis B and C,” Journal of
Hepatology, vol. 49, no. 4, pp. 634–651, 2008.

[12] C.-M. Liang, T.-H. Hu, S.-N. Lu et al., “Role of hepatitis
C virus substitutions and interleukin-28B polymorphism on
response to peginterferon plus ribavirin in a prospective study
of response-guided therapy,” Journal of Viral Hepatitis, vol. 20,
no. 11, pp. 761–769, 2013.

[13] D. Ge, J. Fellay, A. J. Thompson et al., “Genetic variation in
IL28B predicts hepatitis C treatment-induced viral clearance,”
Nature, vol. 461, no. 7262, pp. 399–401, 2009.

[14] K. R. Reddy, M. L. Shiffman, M. Rodrigueztorres et al., “Induc-
tion pegylated interferonAlfa-2a and high dose ribavirin do not
increase SVR in heavy patients with HCV genotype 1 and high
viral loads,”Gastroenterology, vol. 139, no. 6, pp. 1972–1983, 2010.

[15] C.-H. Hung, C.-M. Lee, and S.-N. Lu, “Hepatitis C virus-
associated insulin resistance: pathogenic mechanisms and clin-
ical implications,” Expert Review of Anti-Infective Therapy, vol.
9, no. 5, pp. 525–533, 2011.

[16] T. Bhat, S. Teli, J. Rijal et al., “Neutrophil to lymphocyte
ratio and cardiovascular diseases: a review,” Expert Review of
Cardiovascular Therapy, vol. 11, no. 1, pp. 55–59, 2013.

[17] S. R. Walsh, E. J. Cook, F. Goulder, T. A. Justin, and N. J.
Keeling, “Neutrophil-lymphocyte ratio as a prognostic factor in
colorectal cancer,” Journal of Surgical Oncology, vol. 91, no. 3, pp.
181–184, 2005.

[18] R. Z. Sharaiha, K. J. Halazun, F.Mirza et al., “Elevated preopera-
tive neutrophil: lymphocyte ratio as a predictor of postoperative
disease recurrence in esophageal cancer,” Annals of Surgical
Oncology, vol. 18, no. 12, pp. 3362–3369, 2011.

[19] H. Shimada, N. Takiguchi, O. Kainuma et al., “High preop-
erative neutrophil-lymphocyte ratio predicts poor survival in
patients with gastric cancer,” Gastric Cancer, vol. 13, no. 3, pp.
170–176, 2010.

[20] J. Szkandera,M. Stotz, F. Eisner et al., “External validation of the
derived neutrophil to lymphocyte ratio as a prognostic marker
on a large cohort of pancreatic cancer patients,” PLoS ONE, vol.
8, no. 11, Article ID e78225, 2013.

[21] D. Gomez, S. Farid, H. Z.Malik et al., “Preoperative neutrophil-
to-lymphocyte ratio as a prognostic predictor after cura-
tive resection for hepatocellular carcinoma,” World Journal of
Surgery, vol. 32, no. 8, pp. 1757–1762, 2008.

[22] T.-M.Chen,C.-C. Lin, P.-T.Huang, andC.-F.Wen, “Neutrophil-
to-lymphocyte ratio associated with mortality in early hep-
atocellular carcinoma patients after radiofrequency ablation,”
Journal of Gastroenterology and Hepatology, vol. 27, no. 3, pp.
553–561, 2012.



6 Disease Markers

[23] A. R. Limaye, V. Clark, C. Soldevila-Pico et al., “Neutrophil-
lymphocyte ratio predicts overall and recurrence-free survival
after liver transplantation for hepatocellular carcinoma,” Hepa-
tology Research, vol. 43, no. 7, pp. 757–764, 2013.

[24] M. E. McNally, A. Martinez, H. Khabiri et al., “Inflamma-
tory markers are associated with outcome in patients with
unresectable hepatocellular carcinoma undergoing transarte-
rial chemoembolization,” Annals of Surgical Oncology, vol. 20,
no. 3, pp. 923–928, 2013.

[25] C.-H. Hung, S.-N. Lu, J.-H. Wang et al., “Correlation between
ultrasonographic and pathologic diagnoses of hepatitis B and C
virus-related cirrhosis,” Journal of Gastroenterology, vol. 38, no.
2, pp. 153–157, 2003.

[26] S. Nagai, A. Yoshida, K. Kohno et al., “Peritransplant absolute
lymphocyte count as a predictive factor for advanced recurrence
of hepatitis C after liver transplantation,”Hepatology, vol. 59, no.
1, pp. 35–45, 2014.

[27] A. Shiny, Y. S. Bibin, C. S. Shanthirani et al., “Association
of neutrophil-lymphocyte ratio with glucose intolerance: an
indicator of systemic inflammation in patients with type 2
diabetes,” Diabetes Technology &Therapeutics, vol. 16, no. 8, pp.
524–530, 2014.

[28] H. Shirakawa, A. Matsumoto, S. Joshita et al., “Pretreatment
prediction of virological response to peginterferon plus rib-
avirin therapy in chronic hepatitis C patients using viral and
host factors,” Hepatology, vol. 48, no. 6, pp. 1753–1760, 2008.

[29] A.Martinez-Camacho, V. I. Khaoustov, E. Adam, D. E. Lewis, S.
Tavakoli-Tabasi, and B. Yoffe, “Lymphocytosis as a predictor of
poor response to treatment of hepatitis C,” Clinics and Research
in Hepatology and Gastroenterology, vol. 35, no. 1, pp. 34–40,
2011.

[30] Z.-L. Huang, J. Luo, M.-S. Chen, J.-Q. Li, and M. Shi,
“Blood neutrophil-to-lymphocyte ratio predicts survival in
patients with unresectable hepatocellular carcinoma undergo-
ing transarterial chemoembolization,” Journal of Vascular and
Interventional Radiology, vol. 22, no. 5, pp. 702–709, 2011.

[31] Y. Wada, O. Nakashima, R. Kutami, O. Yamamoto, and M.
Kojiro, “Clinicopathological study on hepatocellular carcinoma
with lymphocytic infiltration,” Hepatology, vol. 27, no. 2, pp.
407–414, 1998.

[32] J. Galon, A. Costes, F. Sanchez-Cabo et al., “Type, density,
and location of immune cells within human colorectal tumors
predict clinical outcome,” Science, vol. 313, no. 5795, pp. 1960–
1964, 2006.

[33] G. J. K. Guthrie, K. A. Charles, C. S. D. Roxburgh, P. G. Horgan,
D. C. McMillan, and S. J. Clarke, “The systemic inflammation-
based neutrophil-lymphocyte ratio: experience in patients with
cancer,” Critical Reviews in Oncology/Hematology, vol. 88, no. 1,
pp. 218–230, 2013.


