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Abstract 
 

The value of pretreatment neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte 
ratio(PLR) in predicting survival in patients undergoing hepatectomy for hepotocelluar carci-
noma was assessd. We conducted a retrospective analysis of 80 patients who underwent hepa-
tectomy for hepatocellular carcinoma. Data of haematological laboratory values as well as 
demographics and histopathology were collected. Univariate and multivariate analyses were 
applied. Pretreatment high NLR was associated with shorter overall survival (OS)(P=0.034). 
Pretreatment high PLR was linked with shorter overall survival and disease-free survival 
(DFS)(P=0.038 and P=0.020). The patients with both high pretreatment NLR and PLR had 
shorter median OS and DFS than those with both low pretreatment NLR and PLR (P=0.026 
and P=0.015). On multivariate analyses, pretreatment NLR (P=0.008), tumor–node–metastasis 
(TNM) stage (P=0.003), capsule invasion (P=0.025) and tumor differentiation (P=0.000) were 
independent of prognostic factors for overall survival. Pretreatment PLR (P=0.040), TNM 
stage (P=0.003) and tumor differentiation (P=0.011) were independent of prognostic factors 
for disease-free survival. Pretreatment high NLR and PLR might be potential biomarkers in 
cases of poor prognosis for patients undergoing hepatectomy for hepatocellular carcinoma.  
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Introduction  
 

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors with limited treatment op-
tions. The hepatocarcinogenesis involves a series of me-
chanisms, such as chronic virus infection, gene mutation, 
cellular signal transduction, tumor neovascularization 
and so on. With growing evidence on the role of in-
flammation in carcinogenesis, the presence of a systemic 
inflammation has been proposed as having prognostic 
significance in a wide range of cancers [1]. Some hae-
matological laboratory values, such as NLR, PLR, serum 
albumin level (SAL), absolute neutrophil count (ANC), 
have been reported as predictors of either prognosis or 
chemosensitivity [2,3]. The aim of this study was to as-
sess the value of pretreatment NLR and PLR in predict-
ing survival in patients undergoing hepatectomy for he-
patocellular carcinoma. 
 

Materials and methods 
Study population 
Eighty patients who received surgical resection for his-
tologically confirmed hepatocellular carcinoma at Chi-
nese PLA General Hospital (Beijing, China) between 

2003 and 2008 were included in this study. Patients were 
excluded if they were histologically diagnosed with 
intrahepatic cholangiocarcinoma, received preoperative 
neoadjuvant chemotherapy or radiotherapy, or had a 
history of any other cancer.  
 
Calculation of NLR and PLR 
Automated full blood counts, which included total white 
blood cells, neutrophils, lymphocytes and platelets, were 
carried out before surgery. The NLR was defined as the 
number of neutrophils to lymphocytes in the blood. The 
PLR was calculated as the ratio of the platelets to lym-
phocytes. DFS was measured from the day of surgery 
until disease progression or death. OS was calculated 
from the date of surgery until death or last clinical fol-
low-up. 
 
Statistical analysis   
SPSS17.0 software was used for statistical analysis. The 
correlations between categorical variables were analyzed 
by the Chi-square test or Fisher’ test as appropriate. The 
Kaplan-Meier was used for prognostic single factor 
analysis and the significance of difference was calcu-
lated by log-rank test. Cox regression model was 
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adopted for multivariate analysis. A P value less than 
0.05 was considered to be statistically significant. 

 
Results 
 
Patient characteristics 
The mean age of the patients was 47 years (range 29-72  
years). Seventy-six out of 80 patients (95%) were males  
 
while the rest were females. Thirty (37.5%) patients’ 

preoperative alpha fetoprotein (AFP) values were greater 
than 400ng/ml. Thirty-five(43.7%) patients were in stage, 
thirty (37.5%) patients were in stage Ⅱ, the rest fifteen 
(18.8%) patients were in stage Ⅲ. The median OS and 
DFS were 36.1 and 23.8 months, respectively. The re-
sults of univariate analysis showed that the patients with 
well and moderate differentiation, early stage and with-
out capsule invasion had the longer median DFS and OS. 
Other clinical parameters had no association with sur-
vival (Table 1).

 
Table 1. Univariate analysis of clinicopathological parameters with survival 

 
Median DFS Median OS  

Characteristic 
 

n （（（（month）））） P χ
2 (month）））） P χ

2 

Gender   
Male 
Female 

 
76(95 %) 
4(5 %) 

 
20.7 
24.4 

 
0.406 

 
0.691 

 
34.5 
26.0 

 
0.772 

 
0.084 

Age(years)    
≤60 
＞60 

 
65(81.2 %) 
15(18.8 %) 

 
20.7 
51.8 

 
0.126 

 
2.338 

 
56.1 
71.2 

 
0.543 

 
0.371 

AFP(ng/ml)   
≤400 
＞400 

 
50(62.5 %) 
30(37.5 %) 

 
26.7 
14.7 

 
0.490 

 
0.476 

 
45.0 
23.9 

 
0.343 

 
0.900 

HBsAg     
－ 
＋ 

 
34(42.5 %) 
46(57.5 %) 

 
23.1 
20.7 

 
0.950 

 
0.004 

 
29.1 
37.7 

 
0.520 

 
0.414 

Hepatocirrhosis    
No 
Yes 

 
29(36.2%) 
51(63.8 %) 

 
20.6 
31.4 

 
0.462 

 
0.540 

 
32.1 
45.0 

 
0.612 

 
0.257 

Differentiation     
Well/Moderate 
Poor 

 
62(77.5 %) 
18(22.5%） 

 
31.4 
7.9 

 
0.004 

 
8.355 

 
73.4 
18.3 

 
0.000 

 
16.561 

TNM stage      
Ⅰ 
Ⅱ 
Ⅲ 

 
35(43.7 %) 
30(37.5 %) 
15(18.8 %) 

 
42.8 
17.4 
5.7 

 
0.003 

 
11.779 

 
73.4 
34.5 
22.7 

 
0.006 

 
10.160 

Capsule invasion 
No 
Yes 

 
59(73.7 %) 
21(26.3%) 

 
35.6 
7.9 

 
0.001 

 
11.394 

 
73.4 
19.4 

 
0.000 

 
17.970 

Thrombosis    
Absent 
Present 

 
69(86.2%) 
11(13.8%) 

 
26.7 
20.5 

 
0.315 

 
1.011 

 
45.0 
23.9 

 
0.096 

 
2.777 

Tumor size(cm)  
≤5 
＞5 

 
45(56.2%) 
35(43.8%) 

 
26.7 
20.7 

 
0.522 

 
0.410 

 
44.9 
32.7 

 
0.481 

 
0.496 

 
Pretreatment NLR and PLR 
The pretreatment NLR ranged from 0.91 to 22.8, with a 
median value of 2.6 and a mean value of 3.7. The pretrea 
ment PLR ranged from 47.4 to 1113.2, with a median value  
of 151.8 and a mean value of 195.7. All the patients were 
separated into two groups according to median values of  

 
NLR and PLR(low: ≤2.6 or high＞2.6 and low: ≤151.8 or 
high＞151.8, respectively). Pretreatment high NLR had a 
shorter median OS than the low NLR(24.7 vs 43.0months, 
P=0.034). Pretreatment high PLR had shorter median OS 
and DFS than the low PLR(29.0 vs 41.4months, P=0.038 
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and 14.7 vs 31.4months, P=0.020) (Table2, Fig1,2,3). The 
 
 

Table 2.  Univariate analysis of correlations between NLR, PLR and prognosis 
 

Median DFS Median OS  
Characteristic 

 
n 

（（（（month）））） P χ
2 （（（（month）））） P χ

2 

NLR  
Low 
High              

 
45 
35 

 
28.0 
18.8 

 
0.126 

 
2.342 

 
43.0 
24.7 

 
0.034 

 
4.494 

PLR 
Low 
High 

 
43 
37 

 
31.4 
14.7 

 
0.020 

 
5.452 

 
41.4 
29.0 

 
0.038 

 
4.311 

NLR and PLR 
Both low 
Both high 

 
26 
24 

 
29.9 
3.5 

 
0.015 

 
5.877 

 
43.0 
16.6 

 
0.026 

 
4.968 

 
Table 3. Univariate analysis of clinicopathological parameters with NLR & PLR 

 
NLR PLR  

Characteristic Low High P Low High P 
Gender   

Male 
Female 

 
44 
1 

 
32 
3 

 
0.314 

 
39 
4 

 
37 
0 

 
0.120 

Age(years)    
≤60 
＞60 

 
36 
9 

 
29 
6 

 
0.745 

 
35 
8 

 
30 
7 

 
0.971 

AFP (ng/ml)   
≤400 
＞400 

 
30 
15 

 
20 
15 

 
0.383 

 
26 
17 

 
24 
13 

 
0.685 

HBsAg     
－ 
＋ 

 
21 
24 

 
13 
22 

 
0.393 

 
17 
26 

 
17 
20 

 
0.563 

Hepatocirrhosis    
No 
Yes 

 
15 
30 

 
14 
21 

 
0.538 

 
18 
25 

 
11 
26 

 
0.260 

Differentiation     
Well/Moderate 
Poor 

 
33 
11 

 
29 
7 

 
0.554 

 
34 
9 

 
28 
9 

 
0.717 

TNM stage      
Ⅰ 
Ⅱ 
Ⅲ 

 
21 
14 
9 

 
14 
16 
6 

 
0.510 

 
21 
13 
9 

 
14 
17 
6 

 
0.351 

Capsule invasion 
No 
Yes 

 
35 
10 

 
24 
11 

 
0.353 

 
34 
8 

 
25 
13 

 
0.124 

Thrombosis    
Absent 
Present 

 
38 
7 

 
31 
4 

 
0.748 

 
40 
3 

 
29 
8 

 
0.116 

Tumor size (cm)  
≤5 
＞5 

 
24 
19 

 
21 
16 

 
0.932 

 
24 
19 

 
21 
16 

 
0.932 

 patients of both high pretreatment NLR and PLR were sig-
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nificantly associated with the poor prognosis, with a median  
 
OS of 16.6 months and a median DFS of 3.5 months(Table 2,  
Figs 4,5). As for comparison of clinical parameters of pa-
tients separated according to NLR and PLR, there is no sig-
nificant difference between patients with high NLR and low  
 
NLR. Similarly, there is no difference between patients with 
high PLR and low PLR (Table 3). 
 
Multivariate analysis 

In the COX regression model, we only took parameters that 
achieved statistical significance for DFS or OS(P＜0.05) in 
the univariate analysis into account. Pretreatment NLR 
(P=0.008), tumor–node–metastasis(TNM) stage (P=0.003), 
capsule invasion(P=0.025) and tumor differentiation 
(P=0.000) were independent prognostic factors for overall 
survival. Pretreatment PLR(P=0.040), TNM stage (P=0.003) 
and tumor differentiation(P=0.011)  were independent prog-
nostic factors for disease-free survival (Tables 4,5).

 
Table 4. Multivariate analysis of death risk 

 
95% CI for Exp (B)  SE Wald P Exp (B) 

Lower      Upper 
NLR 0.317 6.938 0.008 2.307 1.239 4.299 
TNM stage 0.394 8.547 0.003 0.316 0.146 0.684 
Capsule invasion 0.334 5.014 0.025 2.115 1.098 4.073 
Differentiation 0.404 16.989 0.000 0.189 0.086 0.418 
 

Table 5. Multivariate analysis of recurrence risk 
 

95% CI for Exp(B)  SE Wald P Exp(B) 

                    Lower                     Upper 
TNM stage 0.370 8.553 0.003 0.339 0.164 0.700 
PLR 0.283 4.231 0.040 1.789 1.028 3.114 
Differentiation 0.361 6.446 0.011 0.400 0.197 0.812 

 
 

Figure 1. Kaplan-Meier survival curves for DFS stratified by PLR 
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Figure 2.  Kaplan-Meier survival curves for OS stratified by PLR 

↓ 
                              ↓ 

 
 

Figure 3. Kaplan-Meier survival curves for OS stratified by NLR 
↓ 
                           ↓ 
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Figure 4. Kaplan-Meier survival curves for OS stratified by NLR and PLR 

 

 
 

Figure 5. Kaplan-Meier survival curves for OS stratified by NLR and PLR 
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Discussion 
 
Inflammation is recognized both as a condition that leads to 
cancer development and also as a condition that arises due 
to oncogenic changes in cancer cells [4]. HCC is an exam-
ple of inflammation-related cancer and represents a para-
digm of the relation occurring between tumor microenvi-
ronment and tumor development [5]. Several studies have 
shown that chronic hepatitis virus infection, such as hepati-
tis B virus (HBV), is the etiological factor for hepatocar-
cinogenesis. HBV DNA load and HBV reactivation are 
major risks that influence the long-term survival of HCC 
patients who underwent hepatectomy and, thus, may cause 
postoperative liver function deterioration, tumor recurrence, 
and reduce patient's overall survival [6]. 
 
Tumor cells produce various cytokines and chemokines 
that attract leukocytes [7]. Neutrophils, the most common 
leukocyte, play a role in cancer-related inflammation and 
have been recently noticed because of the significant clini-
cal relevance in predicting survival. High baseline neutro-
phil count in either tumor or blood, or both, was identified 
as strong, independent risk factor for poor outcome in mul-
tivariate analyses, and the negative prognostic impact of 
neutrophils was not eliminated by increasing the dose of 
cytokines, chemotherapy, or targeted therapy [8]. 
 
NLR is a cost-effective marker of inflammation. Several 
studies have shown the interaction between cancer and 
NLR. Elevated pretreatment NLR has been associated with 
poor prognosis in various cancers, such as nasopharyngeal 
carcinoma, renal cell carcinoma, breast cancer, non-small 
cell lung cancer (NSCLC), pancreatic cancers and so on 
[7,9-12]. A large-scale study of 1061 cervical carcinoma 
patients has identified higher pretreatment NLR as an inde-
pendent poor prognostic factor for survival. Also the higher 
NLR group was younger in age and had more advanced-
stage disease when compared with those of the lower NLR 
group [13]. Another retrospective study of 958 patients 
undergoing hepatectomy for HCC similarly suggested that 
NLR was an independent prognostic factor in overall and 
recurrence-free survival. The 5-year survival rate after he-
patectomy was 72.9% in patients with low NLR and 51.5% 
in those with high NLR [14]. In our study, we found high 
pretreatment NLR was significantly associated with shorter 
OS. The median DFS of patients with low pretreatment 
NLR was longer than those with high NLR (28.0 vs 
18.8months). But the difference did not have any statistical 
significance (P=0.126). 
 
The pretreatment NLR was also found to have the correla-
tion with the prognostic value of the pathologic response to 
chemotherapy. Shimonagakubo et a l[15] reported an ele-
vation in the pretherapeutic NLR associated with a lower 
chemosensitivity in patients receiving neoadjuvant chemo-
therapy (NAC) for advanced esophageal cancer. The patho-
logic response rates were 56% in the patients with low 

NLR and 21% in patients with high NLR. Yao Y et al [16] 
also found that elevated pretreatment NLR might be a po-
tential biomarker of worse response to first-line platinum-
based chemotherapy and shorter progression free survival 
(PFS) and OS for advanced NSCLC patients. A study with 
199 never-smokers with advanced lung adenocarcinoma 
suggested an early reduction in the NLR after effective 
treatment indicating survival improvement in the patients 
with a high pretreatment NLR [17]. 
 
Recent new evidences suggest that PLR is another bio-
marker closely related to clinical outcomes in cancer pa-
tients [7]. Lai Q et al [18] found that PLR is a good predic-
tor for the risk of post-liver transplantation (LT) recurrence. 
Use of this marker, which is available before LT, may rep-
resent an additional tool to refine the selection criteria of 
HCC liver recipients. But there are also studies which 
failed to confirm the prognostic significance of PLR [19]. 
In our study, we found that the overall and disease-free 
survival were significantly associated with PLR. Pretreat-
ment high PLR is an independent prognostic factor of poor 
DFS. When we took NLR and PLR together into consid-
eration, the assessment seemed better for predicting the 
prognosis. The patients with both high pretreatment NLR 
and PLR had significantly shorter OS and DFS than those 
with both low pretreatment NLR and PLR. 
 
In conclusion, pretreatment NLR and PLR might be poten-
tial biomarkers of prognosis in patients undergoing hepa-
tectomy for hepatocellular carcinoma. Changes of NLR 
and PLR in blood might be an early warning of disease 
recurrence. The dynamic observation of these haematologi-
cal laboratory values is necessary. 
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