
Page 1 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(8):541 | http://dx.doi.org/10.21037/atm.2020.02.113

The neutrophil-to-lymphocyte ratio is a predictive factor for the 
survival of patients with hepatocellular carcinoma undergoing 
transarterial chemoembolization
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Background: Neutrophil-to-lymphocyte ratio (NLR) is considered as a prognostic predictor of 
hepatocellular carcinoma (HCC). However, its prognostic ability is still controversial. This study aimed to 
evaluate the prognostic value of NLR changes in HCC patients undergoing transarterial chemoembolization 
(TACE).
Methods: The patients who were newly diagnosed with HCC and treated with TACE in our center from 
July 2010 to December 2014 were enrolled in the study. The factors, including NLR, were recorded at 
baseline and three days and one month after TACE. 
Results: A total of 380 consecutive patients were studied retrospectively. The median NLR values at 
baseline, 3 days and 1 month after TACE (2.4, 6.3 and 2.4 respectively), were used as the cut-off value for 
patient stratification. Compared with the patients in low NLR group, those with high NLR had a larger 
tumor size. For baseline measurement, the low NLR group showed improved overall survival (OS) compared 
with the high group (median OS, 27.1 vs. 15.6 months, P=0.004). There was no survival difference between 
the low and high NLR groups when measured at 3 days and at 1 month after TACE (P>0.05). Multivariate 
analysis showed that baseline NLR >2.4 was an independent prognostic predictor of poor OS. There was 
significant survival difference between the normal NLR group and the high or increased NLR group, with a 
median OS of 29.1 and 19.1 months, respectively (P=0.023).
Conclusions: The dynamic changes of baseline NLR are significantly associated with OS in HCC patients 
treated with TACE, and as a result patient selection and prognostic prediction may be refined. 
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer and the third leading reason for cancer-related death, 
with 748,000 cases and 695,000 deaths each year (1,2). Two 
randomized controlled trials demonstrated that transarterial 
chemoembolization (TACE) could better improve survival 
in stringently selected patients with unresectable HCC 
when compared with conservative treatments (3,4).

Interestingly, an elevated ratio of peripheral neutrophils-
to-lymphocytes (NLR) has been recognized as a prognostic 
indicator in various cancers (5). However, the consistency 
and magnitude of the prognostic impact of baseline NLR 
in HCC patients treated with TACE remain unclear. Most 
of the previous studies insisted that baseline NLR is an 
independent indicator of the overall survival (OS) (6-9); on 
the contrary, Sullivan et al. found no correlation between 
NLR and decreased OS (10). Although several studies 
demonstrated that an improved NLR after TACE was 
associated with a poor outcome (7,11), Huang et al. believed 
that an increased NLR indicated a better outcome than a 
decreased NLR for patients after TACE (12). Consequently, 
our study aimed to illustrate the dynamic changes of NLR 
during TACE therapy and evaluate its prognostic value in 
patients with HCC undergoing TACE. 

Methods

Study population

From July 2010 to December 2014, a total of 380 patients 
with HCC who underwent TACE in Xijing Hospital of 
Digestive Disease of Fourth Military Medical University 
were retrospectively enrolled in this study. HCC was 
diagnosed according to the criteria of the European 
Association for the Study of the Liver (EASL) or the 
American Association for the Study of Liver Disease 
(AASLD) (13,14). The inclusion criteria were as follows:  
(I) Child-Pugh class A or B (≤7); (II) an ECOG PS score ≤1; 
(III) patients must have no venous invasion or extrahepatic 
metastasis; and (IV) patients mustn’t have received any 
treatment for HCC before. The exclusion criteria were as 
follows: (I) patients with diffuse hepatic carcinoma (HCC); 
(II) patients who had suffered acute or chronic infection 
recently; and (III) patients affected by other malignant 
diseases. All patients provided informed consent before 
undergoing TACE. The study protocol conformed to the 
ethical guidelines of the 1975 Declaration of Helsinki and 
was approved by the ethics committee of Xijing Hospital 

(Xi’an, China). Written informed consent was given by all 
patients before receiving TACE therapy, according to the 
institutional guidelines.

TACE treatment and follow-up

TACE was  per formed by  se lec t ive  t ransar ter i a l 
chemotherapy in the tumor feeding vessels with a 
suspension of lipiodol (2–20 mL), doxorubicin (10–50 mg), 
followed by an embolization with absorbable gelatin sponge 
particles; the infusion continued until a stagnant flow was 
observed in the feeding vessels. The dosage of doxorubicin 
and lipiodol was determined based on the tumor size, 
underlying liver function, and physical status. All patients 
underwent physical examination and laboratory tests, 
including alpha-fetoprotein (AFP) tests, a liver function 
panel, and hepatitis serologic tests. CT assessments on 
intrahepatic tumors were performed 4 to 6 weeks after 
each TACE procedure. For patients with preserved liver 
function, repeated TACE sessions were implemented 
upon confirmation of viable tumor or local and/or distant 
intrahepatic recurrences.

Statistical analyses 

Baseline characteristics were summarized using descriptive 
statistics. The t-test was used for comparison of continuous 
data between groups and the Pearson chi-square tests were 
used to compare qualitative variables in clinical pathology 
analyses. When the expected sample values were low, 
Fisher’s exact tests were used. Spearman’s rank tests were 
used to detect correlations between variables. OS was 
defined as the time from the first session of TACE until 
death or the last follow-up. Survival analysis was carried 
out using the Kaplan-Meier method and the differences 
between curves were assessed by log-rank test. The t-test 
was used for comparison of continuous data between 
groups. The Cox proportional hazard model was used to 
assess the prognostic values of the variables. Statistical 
analysis was performed using SPSS software, version 19.0, 
and a two-sided P value <0.05 was considered significant.

Results 

Baseline characteristics 

Baseline characteristics are summarized in Table 1. A total 
of 380 patients with HCC were enrolled in this study. The 
median age of patients was 54.3±12.3 years. The study 
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population consisted of 311 men (81.8%) and 69 women 
(18.2%). The number of patients with HBV infection 
totaled 320 and accounted for a relatively large proportion 
of the study patients (84.2%). According to the Child-Pugh 
classification, 351 patients were classified as A (93.1%) and 
26 as B (6.9%). Two hundred thirty nine patients (62.9%) 
had a solitary tumor. The mean diameter of largest tumor 
was 7.9 cm. The average number of continuous TACE 

procedures was 2 (range, 1–12). 

Changes of NLR 

The changes of NLR during TACE were as shown in 
Figure 1. Median NLR of the baseline data was 2.4. When 
measured at 3 days after TACE, it had increased by up to 6.3. 
However, median NLR 1 month after TACE went down 
to 2.4, the same as the baseline. We took 2.4 as a threshold 
preoperative NLR to distinguish between high (NLR >2.4) 
and low (NLR ≤2.4) NLR. Similarly, 6.3 and 2.4 were the 
cut-off NLR values at 3 days and 1 month after TACE, 
respectively.

Correlation between NLR and clinical characteristics 

Of the 380 patients, 187 had NLR value ≤2.4. Clinical and 
treatment data in the low (≤2.4) NLR and high (>2.4) NLR 
groups are compared in Table 2. Compared with the patients 
in low NLR group, those with high NLR had a larger 
tumor size, higher values of TBIL and AST, and lower 
values of RBC (P<0.05). 

OS

The median follow-up duration was 18.3 months (range, 
1.1–66.1 months). At the end of the follow-up period, 247 
(65%) patients had died. The median OS was 21.7 months 
(95% CI: 18.1–25.2 months). At baseline measurement, 
the low NLR group showed improved OS compared with 
the high NLR group (median OS, 27.1 vs. 15.6 months, 
respectively; P=0.004) (Figure 2A). There was no difference 
between the low NLR group and the high NLR group 
according to NLR measured three days after TACE with 
a cut-off value of 6.3 (P=0.111, Figure 2B). However, one 
month after TACE, the median survival time of low-
NLR patients and high-NLR patients was 26.3 and  
18.2 months, respectively, meaning the difference was 
marginally significant (P=0.070, Figure 2C). 

Prognostic factors

In univariate analyses, six prognostic factors (NLR >2.4, 
Child-Pugh B, tumor size, tumor number, AFP, and 
albumin levels) were significantly associated with OS 
(P<0.05). Multivariable analyses indicated that high NLR 
(P=0.024) was an independent prognostic factor for OS in 
HCC patients receiving TACE. Additionally, tumor size, 

Table 1 Baseline characteristics (380 patients)

Variables Number (%)/mean ± SD

Age, years 54.3±12.3

Sex, male/female 311 (81.8)/69 (18.2)

Aetiology, HBV/non-HBV 320 (84.2)/60 (15.8)

BCLC stage, A/B/C 57 (15.0)/207 (54.5)/116 (30.5)

Child-Pugh class, A/B 351 (93.1)/26 (6.9)

Tumour size (cm) 7.9±3.8

Tumour number, single/multiple 239 (62.9)/141 (37.1)

AFP, ≤400/>400 ng/mL/NA 218 (57.4)/160 (42.1)/2 (0.5)

Baseline laboratory assessments

Alanine aminotransferase (U/L) 45.2±30.2

Aspartate aminotransferase (U/L) 56.1±46.2

Albumin, g/L 38.8±5.2

Total bilirubin , μmol/L 16.9±7.6

Serum creatinine, mg/d 0.85±0.8

AFP, alpha-fetoprotein; BCLC, Barcelona clinic liver cancer.
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Figure 1 The dynamic changes of NLR in different time-points 
before or after TACE. NLR, platelet-to-lymphocyte ratio; TACE, 
transarterial chemoembolization.
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Table 2 Comparison of baseline features between patients with low NLR and high NLR

Variables NLR ≤2.4 (N=187) NLR >2.4 (N=193) P value

Sex (male/female) 154/33 157/36 0.799

Age 54.4±12.5 54.2±12.1 0.667

Etiology (hepatitis B virus/others) 158/29 161/31 0.865

Child-Pugh class (A/B) 177/9 174/17 0.120

Tumor size (cm) 7.1±3.4 8.6±4.0 <0.001

Tumor number (single/multiple) 118/69 121/72 0.935

AFP (≤400/>400 ng/dL) 108/78 110/82 0.879

Albumin (g/L) 39.3±5.1 38.3±5.2 0.054

TBIL (µmol/L) 15.8±6.8 18.1±8.1 0.004

ALT (U/L) 44.8±30.9 45.6±29.7 0.631

AST (U/L) 45.8±24.1 66.0±58.6 <0.001

Red blood cell (1012/L) 4.4±0.7 4.2±0.7 0.020

Platelet (109/L) 140.2±79.4 134.5±86.9 0.216

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NLR, neutrophil-to-lymphocyte ratio; TBIL, total 
bilirubin.

Figure 2 Kaplan-Meier survival curves among different groups according to patients’ NLR level. (A) Patients with high NLR vs. patients 
with low NLR at baseline; (B) patients with high NLR vs. patients with low NLR at three days after TACE; (C) patients with high NLR vs. 
patients with low NLR at one month after TACE. NLR, platelet-to-lymphocyte ratio; TACE, transarterial chemoembolization.
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tumor number, AFP level and levels of albumin were also 
strong predictors for survival in HCC patients undergoing 
TACE (Table 3). 

Correlation between changes of NLR and survival

According to the NLR derived at baseline and 1 month 
after TACE, patients were divided into two groups. Group 
1: NLR was normal during TACE (NLR ≤2.4 at baseline 
and 1 month postoperatively). Group 2: NLR was high 
or increased (NLR >2.4 at baseline or NLR >2.4 1 month 

postoperatively). There was significant survival difference 
between the two groups, with the median survival times of 
patients with normal NLR and those with high or increased 
NLR being 29.1 months (95% CI: 25.4–36.6 months) and 
19.1 months (95% CI: 15.1–22.9 months), respectively 
(P=0.023) (Figure 3A). In order to rule out the potential 
time-dependent bias caused by early death, those patients 
who died before the evaluation of NLR at 3 months were 
excluded. Therefore, according to the landmark analysis, 
the survival difference between these two groups remained 
significant (P=0.032) (Figure 3B).

Table 3 Univariate and multivariate analyses for potential risk factors of baseline variables

Risk factors
Univariate analyses Multivariate analyses

HR (95% CI) P value HR (95% CI) P value

Sex (male/female) 0.98 (0.71–1.35) 0.914 – –

Age (≤55/>55) 0.86 (0.67–1.11) 0.244 – –

Etiology (HBV/others) 0.70 (0.49–1.00) 0.051 0.80 (0.49–1.00) 0.223

Child-Pugh (B/A) 1.96 (1.30–2.97) 0.002 1.32 (1.30–2.97) 0.237

Tumor size (≤7/>7 cm) 1.72 (1.33–2.21) <0.001 1.70 (1.33–2.21) <0.001

Tumor number (single/multiple) 2.05 (1.60–2.64) <0.001 2.01 (1.60–2.64) <0.001

AFP (≤400/>400 ng/mL) 1.87 (1.45–2.40) <0.001 1.77 (1.45–2.40) <0.001

Albumin (≤36/>36 g/L) 0.70 (0.53–0.92) 0.010 0.70 (0.53–0.92) 0.001

TBIL (≤17/>17 mg/dL) 1.26 (0.98–1.62) 0.077 1.26 (0.98–1.62) 0.688

NLR (≤2.4/>2.4) 1.45 (1.13–1.86) 0.004 1.34 (1.03–1.75) 0.027

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NLR, neutrophil-to-lymphocyte ratio; TBIL, total 
bilirubin. 

Figure 3 Kaplan-Meier survival curves among different groups of patients according to patients’ NLR level. (A) Patients with normal NRL 
vs. patients with high or rises at one month for the whole cohort; (B) patients with normal NRL vs. patients with high or rises at one month 
for the three-month landmark cohort. NLR, platelet-to-lymphocyte ratio; TACE, transarterial chemoembolization.
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Discussion

The present study has demonstrated that NLR values 
increase significantly 3 days after TACE and then fall back to 
baseline level 1 month thereafter. Moreover, a high NLR (NLR 
>2.4) independently predicted poor survival in patients with 
HCC treated with TACE. Similar to our current findings, 
NLR values have also been shown to predict survival in various 
cancers including urologic cancer (15), nasopharyngeal  
cancer (16), colon cancer (17), as well as lung cancer (18). 
In addition, the NLR has been found to be a prognostic risk 
factor for HCC after treatments other than TACE, such as 
hepatectomy (19), liver transplantation (20) and sorafenib 
therapy (21).

The mechanisms underlying the association between 
high NLR and poor outcome of cancer patients remain 
unclear. One potential mechanism may be an association 
between high NLR and inflammation (22). Neutrophilia 
as an inflammatory response inhibits the immune 
system by suppressing the cytolytic activity of immune 
cells such as lymphocytes, activated T cells, and natural 
killer cells (23,24). The importance of lymphocytes has 
been highlighted in previous studies in which increased 
infiltration of tumors with lymphocytes has been associated 
with better response to cytotoxic treatment and prognosis in 
cancer patients (25,26). Another possible explanation could be 
that inflammatory cytokines and chemokines can be produced 
by both the tumor and associated host cells such as leukocytes 
and contribute to malignant progression (26).

Our study also showed that a high or increased NLR  
1 month after TACE was associated with poor outcomes in 
patients with HCC. In this study, a high NLR at the baseline 
or 1 month after TACE correlates with a poor prognosis, 
illustrated by a statistical difference in survival curve between 
the groups of NLR that were always normal and NLR 
>2.4 at baseline or 1 month post-TACE. Additionally, this 
study indicated that patients in the high NLR group were 
characterized by having a larger tumor size, higher values 
of TBIL and AST, and lower values of RBC. This might 
be because the tumor size may stimulate the inflammatory 
response, resulting in a high level of NLR.

Currently, the response to TACE by radiological 
assessment is a cornerstone in determining treatment 
efficacy, and plays a critical role in future treatment 
decision-making processes. Biomarkers such as AFP, play 
a supporting role. Our study indicated that inflammatory 
response may take subsidiary function in treatment 
decision-making. A combination of these biomarkers may 

be superior and could be clinically useful in predicting the 
survival of patients with HCC treated with TACE more 
comprehensively. Further studies are needed to confirm 
these findings.

The present study has some limitations. First, it was 
single-center and retrospective design. It is crucial to 
evaluate the external validity and reproducibility of the 
present findings prospectively because the preoperative 
NLR may provide a simple and inexpensive means of 
identifying patients with a poorer prognosis. Second, we 
adopted median baseline NLR 2.4 as a cut-off value, which 
might not have been optimal despite its great discriminative 
capacity in distinguish survival. Third, the NLR may have 
been influenced by several factors. 

In conclusion, baseline NLR and its dynamic changes are 
significantly associated with OS in patients with HCC who 
are treated with TACE. Given its low cost, availability, and 
prognostic power, NLR may be incorporated into HCC 
staging systems to formulate an improved assessment of tumor 
biology and help clinicians with treatment decision-making.
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