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Abstract. The inflammatory microenvironment serves an 
important function in the progression of hepatocellular 
carcinoma (HCC). Peripheral blood lymphocyte‑to‑monocyte 
ratio (LMR), as a novel inflammatory biomarker combining 
an estimate of host immune homeostasis with the tumor 
microenvironment, has been identified to be a predictor 
of clinical outcomes in a number of malignancies. The 
present study aimed at investigating the prognostic value of 
LMR in patients with hepatitis B virus (HBV)‑associated 
advanced HCC. A total of 174 patients with HBV‑associated 
advanced HCC, without fever or signs of infections, were 
analyzed. Clinicopathological parameters, including LMR, 
were evaluated to identify predictors of overall survival 
time. Univariate and multivariate analysis was performed 
using Cox's proportional hazards model. A threshold value 
was determined using a time‑dependent receiver operating 
characteristic curve. Univariate and multivariate analysis 
identified LMR as an independent prognostic factor in overall 
survival (OS) time in patients with HBV‑associated advanced 
HCC (P<0.05). The threshold value of LMR was 2.22. All 

patients were divided into either a low LMR group (≤2.22) or 
a high LMR group (>2.22). The OS time of the high LMR 
group was significantly longer compared with the low LMR 
group (P<0.001). Patients in the high LMR group exhibited 
a significantly increased 3‑month and 6‑month OS rate, 
compared with that of the patients within the low LMR group 
(P<0.001). An increased level of LMR was significantly asso-
ciated with the presence of metastasis, ascites and increased 
tumor size (P<0.01). LMR is an independent prognostic factor 
of HBV‑associated advanced HCC patients and an increased 
baseline LMR level indicates an improved prognosis.

Introduction

Hepatocellular carcinoma (HCC) ranks fifth among the 
primary causes of cancer‑associated mortality in males and 
ninth in females (1). In China, HCC is the most common type 
of cancer and the highest cause of cancer mortality in males 
<60 years  (2), due to widespread hepatitis B virus (HBV) 
infection which almost 90% of patients with HCC experience. 
Hepatitis C virus (HCV) infection, alcoholism and obesity 
are additional risk factors for HCC in the western world (3). 
At present, the only treatment for HCC is hepatic resection 
which is restricted to the patients who have localized lesions 
arising in non‑cirrhotic livers, or in cirrhotic livers with 
well‑preserved hepatic function (4). However, the majority 
of patients are initially diagnosed with advanced HCC and 
therefore the majority of patients with HCC are unable to be 
treated by resection. Despite substantial progress achieved in 
the treatment for advanced HCC in previous years, including 
targeted therapy (sorafenib, a kinase inhibitor drug) and 
interventional therapy, the overall 5‑year survival rate remains 
unsatisfactory. The prognosis and treatment of HCC depends 
on the tumor stage, the patient's physical status and liver 
function (4,5). Clinicopathological factors including micro-
vascular invasion, novel extrahepatic lesions and portal vein 
tumor thrombus (PVTT) have been used to predict survival 
time in patients with advanced HCC (6,7). However, these 
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aforementioned clinical tumor parameters may only partially 
explain the prognostic heterogeneity of HCC.

The inflammatory microenvironment serves an important 
function in the development and progression of HCC. In 
China, chronic liver inflammation primarily contributes to 
the development of HCC (8). In addition, the host response in 
systemic inflammation has been considered to be an indepen-
dent prognostic factor for patients with HCC (9‑12). C‑reactive 
protein (13,14), white blood cell counts, platelet counts (15), 
neutrophil counts (16) and monocyte counts (17) have been 
primarily investigated as clinical indicators of inflammation 
for cancer. Previous studies have indicated that the develop-
ment of HCC is associated with alterations of peripheral 
blood white blood cells. The principal alterations include 
neutrophilia with relative lymphocytopenia or thrombocytosis. 
White blood cells, along with the cytokines and chemokines 
secreted, serve a role in the viability, maturation and differen-
tiation of cells within the tumor microenvironment. Peripheral 
blood lymphocyte‑to‑monocyte ratio (LMR), an indication 
of lymphocytopenia and an increased monocyte count, has 
been identified to be a novel inflammatory biomarker. LMR 
combines an estimate of host immune homeostasis and tumor 
microenvironment and has been identified as a predictor for 
clinical outcomes in a variety of malignancies, including 
breast (18), renal (19,20), lung (21) and colorectal (22) cancer. 
Recently, a study elucidated that LMR was an independent 
prognostic factor in patients with HBV‑associated HCC 
following curative resection (23). However, to the best of our 
knowledge, there have been no studies regarding the prognostic 
value of LMR in advanced HCC until the present study, which 
aimed at clarifying the prognostic value of LMR in patients 
with HBV‑associated advanced HCC.

Materials and methods

Patients. The Clinical Ethics Review Board at The Third 
Affiliated Hospital of Sun Yat‑sen University (Guangdong, 
China) approved the present study, and written informed 
consent was obtained from the patients or their family 
members. Medical records of 174 consecutive Chinese 
patients with HBV‑associated advanced HCC presented to 
The Third Affiliated Hospital of Sun Yat‑sen University 
(Guangdong, China) between September 2008 and June 2010, 
were reviewed and retrospectively analyzed in the present 
study. The inclusion criteria of the patients were as follows: 
i) Patients were diagnosed with advanced HCC. The diag-
nosis of HCC was confirmed using pathological analysis or 
the patients met the radiological criteria from The American 
Association for the Study of Liver Diseases  (4), including 
computed tomography (CT) and magnetic resonance imaging 
(MRI). Patients with advanced HCC exhibited stage C or D, 
according to The Barcelona Clinic Liver Cancer Staging for 
Hepatocellular Carcinoma (BCLC) (24). ii) All the patients 
had chronic HBV infection and were negative for anti‑HCV 
antibody. iii)  Antiviral therapy with oral nucleos(t)ide 
analogues was recommended for all patients, although the 
patients did not receive antitumor treatment recommended by 
the National Comprehensive Cancer Network guidelines (25) 
including chemotherapy, targeted therapy or locoregional 
therapies (percutaneous ethanol injection or transarterial 

chemoembolization). The exclusion criteria of the patients were 
as follows: i) Patients exhibited a fever or additional manifes-
tations of acute infections; ii) patients exhibited previous or 
secondary cancers and coexistent hematological disorders; 
and iii) patients did not possess information required for the 
present study or lost follow‑up within 6 months.

Collection of patient information. Acquisition of patient results 
from electronic charts was approved by the institutional ethics 
committee of the Third Affiliated Hospital of Sun Yat‑sen 

Table I. Baseline demographics of all patients included in the 
present study.

Characteristic	 Patients (n=174)

Sex
  Male	 90.2% (157/174)
  Female	 9.8% (17/174)
Age, years	 55 (19‑85)
Ascites	 66.1% (115/174)
Encephalopathy	 2.9% (5/174)
Karnofsky performance status 	 60 (20‑90)
Laboratory parameters
  Leukocytes, x109 cells/l	 6.84 (1.84‑25.09)
  Neutrophils, x109 cells/l	 4.89 (1.11‑22.44)
  ALC, x109 cells/l	 1.23 (0.32‑4.18)
  AMC, x109 cells/l	 0.60 (0.08‑3.85)
  Hemoglobin, g/l 	 115.3 (56.0‑177.0)
  Platelets, x109 cells/l	 156.3 (4.0‑503.0)
  LMR	 2.57 (0.39‑7.0) 
   ≤2.22	 49.4% (86/174)
   >2.22	 50.6% (88/174)
3‑Month mortality rate, %	 59.2% (103/174)
6‑Month mortality rate, %	 74.1% (129/174) 
Child‑Pugh grade
  0	 20.7% (36/174)
  1	 44.8% (78/174)
  2	 34.5% (60/174)
TNM stage
  I	 9.8% (17/174)
  II	 11.5% (20/174)
  III	 56.3% (98/174)
  IV	 22.4% (39/174)
Lymph node metastasis	 30.5% (53/174)
Distant metastases 	 20.7% (36/174) 
Portal vein thrombosis	 72.4% (126/174)
NCCN‑TNM
  T1	 10.9% (19/174)
  T2	 13.8% (24/174)
  T3‑T4	 75.3% (131/174)

ALC, absolute lymphocyte count; AMC, absolute monocyte 
count; LMR, lymphocyte‑to‑monocyte ratio; NCCN, National 
Comprehensive Cancer Network; TNM, tumor‑node‑metastasis.
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University (Guangdong, China). Clinical examination, labora-
tory studies and imaging studies (CT or MRI) were required 
for baseline evaluation. Information was collected at the time 
of the initial diagnosis of advanced HCC. The overall survival 
(OS) time was calculated between the date of diagnosis and 
the date of mortality or last contact, for surviving patients.

Demographic information, laboratory results [including 
routine blood tests, liver function parameters, serum α‑fetoprotein 
(AFP) level], BCLC stage and Karnofsky performance status (26) 
were retrospectively analyzed from the patients' clinical records. 
Tumor‑associated variables, including maximal tumor diameter, 
number of tumor nodules and PVTT were obtained from medical 
image diagnostic results. The peripheral blood absolute lympho-
cyte count (ALC) and absolute monocyte count (AMC) were 
derived from the complete blood cell count prior to initiation of 
treatment, with the LMR calculated by dividing the lymphocyte 
count by the monocyte count.

Statistical analysis. Fisher's exact test (two‑tailed) or χ2 

test was used to analyze categorical variables, whereas 
Student's t‑test or non‑parametric tests were used to analyze 
continuous variables. Using OS time as the end‑point, the 
optimal threshold value of LMR using receiver operating 
curve (ROC) analysis was obtained when the Youden index 
(sensitivity + specificity‑1) (27) was maximal. Subsequently, 
patients with an LMR greater than the threshold value were 
classified as high LMR (HLMR) and the remaining patients 
were classified as low LMR (LLMR). Survival curves for the 
two groups were plotted using the Kaplan‑Meier estimator 
method and the significance was analyzed using the log‑rank 
test. Significant factors for OS time in Cox's univariate 
analysis were assessed using Cox's proportional hazards model 
(forward method) to determine the independent prognostic 
predictors. Associations between LMR levels and baseline 

characteristics, including clinicopathological features, were 
analyzed using χ2 test. All statistical analysis was conducted 
using SPSS (version 20.0; IBM Corp., Armonk, NY, USA) and 
Stata software (version 12.0; StataCorp LP, College Station, 
TX, USA). For all tests, P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patient characteristics. In the present study, of the 174 patients 
with HBV‑associated advanced HCC, 157 (90.2%) were 
male and the mean age was 55 years (range, 19‑85 years). 
The mean counts of white blood cells, neutrophils, ALC, 
AMC and platelets were 6.84x109 cells/l [range, (1.84‑25.09)
x109 cells/l], 4.89x109 cells/l [range, (1.11‑22.44)x109 cells/l], 
1.23x109 cells/l [range, (0.32‑4.18)x109 cells/l], 0.60x109 cells/l 
[range, (0.08‑3.85)x109 cells/l] and 156.3 cells/l [range, (4‑503)
x109 cells/l], respectively. The median LMR was 2.57 (range, 
0.39‑7.0). A total of 53 (30.5%) patients with lymph node 
metastasis and 36 (20.7%) patients with initial distant metas-
tasis were recorded from newly diagnosed patients. According 
to BCLC staging criteria, the number of patients with stage C 
and D advanced HCC was 95 (54.6%) and 79 (45.4%), respec-
tively. Of the patients included in the present study, 152 (87.4%) 
patients succumbed to cancer‑associated disease. The 3‑month 
and 6‑month mortality rates were 59.2 and 74.1%, respectively. 
Additional information for the patients' baseline demographics 
are presented in Table I.

Independent prognostic factors for overall survival. To iden-
tify the optimal peripheral blood inflammatory and immune 
biomarker for patient prognosis, the impact of leukocyte, 
neutrophil, ALC, AMC and LMR on survival outcomes 
was investigated. In the univariate analysis, leukocytes, 

Table II. Independent prognostic factors for overall survival in patients with hepatitis B virus‑associated advanced hepatocellular 
carcinoma according to univariate and multivariate analysis.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age	 0.983	 0.971‑0.996	 0.009
Leukocytes, x109 cells/l	 1.085	 1.042‑1.130	 0.000
Neutrophils, x109 cells/l	 1.130	 1.077‑1.186	 0.000	 1.104	 1.046‑1.165	 0.000
AMC, x109 cells/l	 1.348	 1.013‑1.794	 0.040
ALC, x109 cells/l	 0.832	 0.613‑1.129	 0.237
LMR	 0.765	 0.675‑0.867	 0.000	 0.858	 0.754‑0.976	 0.020
Platelets, x109 cells/l	 1.002	 1.001‑1.004	 0.006
AST, U/l	 1.001	 1.000‑1.001	 0.000
AFP, ng/dl, >400 vs. ≤400	 2.30	 1.649‑2.309	 0.000	 1.739	 1.221‑2.478	 0.002
Ascites, yes vs. no	 2.05	 1.444‑2.909	 0.000
Tumor number, <3 vs. ≥3	 1.306	 1.106‑1.542	 0.002
Tumor size, cm, <1 vs. ≥1	 3.450	 1.682‑7.077	 0.001
PVTT, yes vs. no	 2.661	 1.792‑3.951	 0.000	 1.984	 1.296‑3.037	 0.002

HR, hazard ratio; CI, confidence interval; ALC, absolute lymphocyte count; AMC, absolute monocyte count; LMR, lymphocyte‑to‑monocyte 
ratio; AST, aspartate transaminase; ALP, alkaline phosphatase; AFP, α‑fetoprotein; PVTT, portal vein tumor thrombus.
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neutrophils, AMC and LMR were identified to be significant 
prognostic factors, with P<0.001 for leukocytes, neutrophils 
and LMR, P=0.04 for AMC and no significant difference 
indicated for ALC. Additional independent prognostic factors 
that may be associated with overall survival time included age, 
platelets, aspartate transaminase (AST), AFP, ascites, tumor 
number, tumor size and PVTT (P<0.05). The aforementioned 
factors identifying statistical significance were assessed 
using Cox's multivariate regression analysis to determine 
the significance of independent factors. In the multivariate 
analysis, LMR [hazard ratio (HR), 0.858; 95% confidence 
interval (CI), 0.754‑0.976; P=0.020], neutrophil (HR, 1.104; 
95% CI, 1.046‑1.165; P<0.001), PVTT (HR, 1.984; 95% 
CI, 1.296‑3.037; P<0.001) and AFP >400 g/ml (HR, 1.739; 
95% CI, 1.221‑2.478; P=0.002) remained independent prog-
nostic predictors (Table II).

Optimal threshold value for LMR. LMR was used as the test 
variable and the OS time was employed as the state variable 
for LMR. According to the ROC curve, the optimal threshold 
value for LMR was 2.22 (sensitivity, 63.1%; specificity, 69.0%) 
(Fig. 1). Patients were dichotomized into either the HLMR 
group or LLMR group, on the basis of the optimal threshold 
value. A total of 86 patients (49.4%) were included in the 
LLMR group (≤2.22) and 88 patients (50.5%) were included in 
the HLMR group (>2.22).

Comparison of patients between the HLMR and LLMR groups. 
To determine the association between LMR and clinicopatho-
logical features of patients with HBV‑associated advanced 
HCC, comparisons between the HLMR group and LLMR 
group were made (Table III). The results indicated that HLMR 
group exhibited a tendency to present distant metastasis, ascites 
and a larger tumor size (P<0.01). The LLMR level was signifi-
cantly associated with increased leukocytes, neutrophils, AMC, 
ALC, AST, total bilirubin, alkaline phosphatase (P<0.001) and 
albumin (P=0.045). In the survival analysis, the 3‑month and 
6‑month survival rates of the HLMR group were significantly 
increased compared with those of the LLMR group (P<0.001). 
A Kaplan‑Meier estimator curve identified that the OS rate was 
significantly decreased in the LLMR group compared with that 
of the HLMR group (P<0.001, Fig. 2).

Discussion

HCC has been established as life‑threatening disease and it 
has been reported that majority of patients are initially diag-
nosed with advanced HCC. Despite the efforts of clinicians 
to prolong the survival time of patients with advanced HCC, 
effective therapies are limited. A number of clinicopatholo
gical characteristics, including tumor size and thrombosis, have 
become the primary determinants of existing therapies and 
predictors of prognosis of patients with HCC. However, these 
aforementioned factors are far from meeting medical needs.

In 1863, Virchow  (28) first proposed the association 
between inflammation and cancer. Subsequently, a number 
of studies have indicated the important function of inflam-
mation in early carcinogenesis, development, metastasis and 
therapeutic response of cancers (29‑31). HCC was a typical 
example of inflammation‑associated cancer as the majority 

of HCC developed in the setting of chronic liver damage and 
inflammation, particularly in China. Therefore, in the present 
study, to illustrate the function of LMR in HBV‑associated 
advanced HCC, only patients with HBV infection were 
included. Pretreatment numbers of peripheral blood cells, 
including neutrophils, ALC, AMC and platelets, have been 
suggested to be marked prognostic factors in a number of 
types of malignancies. Neutrophils, as the largest proportion 
of leukocytes in human peripheral blood, secrete mediators 
including cytokines and matrix metalloproteinase‑9 to react 
to cancer (32,33) and alter their phenotype, similar to granu-
locytic myeloid‑derived suppressor cells, allowing them to 
exhibit distinct characteristics of maturity, tumor cytotoxicity 
and immune suppression (34). During tumor development, the 
inflammatory response may cause lymphocytopenia, leading 
to the inhibition of suppression of tumor progression (35). 

Figure 1. ROC curve assessing the threshold value of LMR for survival 
analysis in patients. The optimal threshold value of LMR was 2.22, 
determined using ROC curves, and the area under curve was 0.686 
(95% confidence interval, 0.611‑0.754; P<0.001) with a sensitivity and speci-
ficity of 63.1 and 69.0%, respectively. ROC, receiver operating characteristic; 
LMR, lymphocyte‑to‑monocyte ratio.

Figure 2. Overall survival curves of 174 patients with hepatitis B virus‑asso-
ciated advanced hepatocellular carcinoma. Kaplan‑Meier estimator survival 
curves demonstrated that patients with LMR ≤2.22 had decreased overall 
survival rates, compared with those with LMR >2.22 (P<0.001, log‑rank). 
LMR, lymphocyte‑to‑monocyte ratio.
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Macrophages, which are tissue‑resident cells that develop 
from circulating monocytes in local tissues, are reported to 
influence tumor migration and invasion, and suppress anti-
tumor immunity (36,37). In addition, a number of studies have 

demonstrated platelet involvement in tumor metastasis. The 
activation of platelets protect tumor cells from immune elimi-
nation by promoting their arrest at the endothelium, thereby 
supporting the establishment of secondary lesions (38,39).

Table III. Clinical features between the high and low LMR groups.

	 LMR
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 ≤2.22 (n=86)	 >2.22 (n=88)	 P‑value

Age, years	 54.4±4.51	 56.8±13.2	 0.217
Sex
  Male	 76	 81	 0.415
  Female 	 10	 7
Leukocytes, x109 cells/l	 8.0±4.3	 5.7±2.1	 0.000
Neutrophils, x109 cells/l	 6.1±3.5	 3.7±1.8	 0.000
Monocytes, x109 cells/l	 0.8±0.6	 0.4±0.2	 0.000
Lymphocytes, x109 cells/l	 1.1±0.6	 1.4±0.5	 0.000
Platelets, x109 cells/l	 164.1±109.4	 148.7±95.0	 0.584
Hemoglobin, g/l	 112.3±21.7	 118.3±21.7	 0.068
AST, U/l	 266.4±323.9	 164.6±200.8	 0.002
Total bilirubin, µmol/l	 105.2±136.7	 72.6±108.0	 0.002
Albumin, g/l	 32.0±6.3	 33.9±6.1	 0.045
ALP, U/l	 212.7±144.2	 148.3±76.1	 0.006
BUN, mmol/l	 6.8±4.2	 6.1±3.2	 0.546
Creatinine, µmol/l	 75.2±30.2	 76.4±27.6	 0.137
AFU, U/l	 30.3±17.4	 29.7±18.5	 0.758
GGT, U/l	 292.9±268.4	 215.3±179.7	 0.091
Prothrombin time, sec	 70.6±18.1	 75.4±19.5	 0.088
INR	 1.3±0.3	 1.3±0.3	 0.125
Lymph node metastasis
  Absent	 54	 67	 0.056
  Present	 32	 21
Distant metastasis
  Absent	 60	 78	 0.002
  Present	 36	 0
PVTT
  Absent	 18	 30	 0.052
  Present	 68	 58
Tumor number
  ≤3	 34	 43	 0.215
  >3	 52	 45
Tumor size, cm
  <2	 12	 28	 0.005
  ≥2	 74	 60
Ascites
  Absent	 15	 44	 0.000
  Present	 71	 44
3‑Month survival rate, % 	 25.6 (22/86)	 55.7 (49/88)	 0.000
6‑Month survival rate, %	 14.0 (12/86)	 37.5 (33/88)	 0.000

LMR, leukocyte‑to‑monocyte ratio; AST, aspartate transaminase; ALP, alkaline phosphatase; BUN, blood urea nitrogen; AFU, α‑L‑fucosidase; 
GGT, γ‑glutamyl transpeptidase; PVTT, portal vein tumor thrombus; INR, international normalized ratio.
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On the basis of the association between systemic inflam-
mation and carcinoma, increasing numbers of inflammatory 
markers have been associated with poor prognosis of a variety 
of types of cancers. Chen et al (40) identified that patients with 
resectable gastric cancer who exhibited increased preoperative 
white blood cells and p‑leukopenia had a poorer prognosis, 
compared with those with exhibited lower baseline white 
blood cells and no p‑leukopenia. Kitayama et al (41) revealed 
that in patients with colorectal cancer, the lymphocyte count 
was markedly associated with tumor response to neoadju-
vant chemoradiotherapy. Peripheral blood LMR, as a novel 
inflammatory biomarker, has been identified as a predictor 
of clinical outcome in a number of types of cancer (18‑22). 
In regard to HCC, to the best of our knowledge, only one 
study has demonstrated an association between LMR and 
HCC (42). Lin et al (23) identified that preoperative LMR 
may serve as an independent prognostic factor for patients 
with HBV‑associated HCC undergoing curative resection. 
However, to the best of our knowledge, the function of LMR 
in HBV‑associated advanced HCC remains unclear.

The present study, to the best of our knowledge, was the 
first to demonstrate that LMR level was independently asso
ciated with OS for patients with advanced HCC. Only patients 
with HBV‑associated HCC who do not exhibit a fever, or any 
other manifestations of acute infections, were included to avoid 
potential confounding factors from distinct etiologies, since 
infection alters blood cell number. The results of the present 
study identified LMR, but not ALC or AMC, to be an indepen-
dent predictor of the OS rate in patients with HBV‑associated 
advanced HCC. The aforementioned patients with an LMR 
≤2.22 exhibited a decreased 3‑month and 6‑month survival 
rate compared with those with an LMR >2.22, which was 
consistent with previous studies that identified low LMR to be 
an independent poor prognostic factor (18‑23). However, the 
optimal thresholds for LMR in distinct studies differ, which 
may be due to the different baseline characteristics, type of 
malignancy, clinical stages and treatments in each study.

The underlying molecular mechanism which enables LMR 
to be used as a prognostic factor in cancers remains unknown. 
Lymphocytes are a key mediator in the antitumor immunity 
of the host and infiltration into the tumor microenvironment 
is a prerequisite to an immunological antitumor reaction. ALC 
may alter along with the antitumor immune reaction (35,43,44). 
ALC decreased when there was an insufficient immunological 
reaction to the tumor, thus promoting tumor progression and 
metastasis (45). Although, in the present study, ALC was not 
identified as a significant factor for the OS rates in patients with 
advanced HCC, ALC exhibited an antitumor effect. In addition 
to the quantity of lyphocytes, the phenotype and subset compo-
sition may change; however, additional studies are required 
to determine the underlying molecular mechanism (46‑48). 
As a component of the tumor microenvironment, monocytes 
serve a markedly active function in tumor development, 
progression and metastasis (30,49). Inflammation activates 
the mobilization of monocytes from the bone marrow to the 
peripheral blood (50) and the differentiation of monocytes into 
tumor‑associated macrophages (TAMs) following recruitment 
into tumor tissue (51,52), suppressing adaptive immunity and 
exerting protumoral functions, promoting tumor cell invasion, 
metastasis and angiogenesis  (36,51). The circulating level 

of monocytes in the peripheral blood is reported to reflect 
the formation and/or presence of TAMs (45). Therefore, an 
increased level of monocytes reflects a high tumor burden in 
patients with cancer (53‑55). However, in the present study, 
AMC was not considered a prognostic factor for the OS rate 
using multivariate analysis. It is hypothesized that ALC or 
AMC alone may not explain the effect of inflammation on 
patients with HBV‑associated advanced HCC.

As aforementioned, LMR reflects the interaction between 
the immune status of the host and the tumor microenviron-
ment. In the present study, the combination of ALC and 
AMC, compared with ALC and AMC alone, enabled LMR 
to be an improved predictor of OS rate in patients with 
HBV‑associated advanced HCC, which means that decreased 
ALC and increased AMC simultaneously reflect the essence 
of the disease. Decreased LMR is associated with a poorer 
prognosis. A previous study demonstrated that low LMR may 
be considered as an independent biomarker for predicting 
mortality in patients with HBV‑related liver cirrhosis (56), 
which supports the predictive value of LMR identified in the 
present study, as the majority of HBV‑associated advanced 
HCC developed from liver cirrhosis. Additionally, decreased 
LMR was markedly associated with a number of clinicopatho-
logical characteristics, including distant metastasis, tumor size 
and ascites, which may reflect either higher tumor burden or 
a more prolonged chronic inflammatory process, indicating 
poor prognosis.

LMR is a readily available and low‑cost objective marker of 
systemic inflammation and may be obtained from routine blood 
testing. Therefore, LMR may be used for prognostic stratifica-
tion of patients with HBV‑associated advanced HCC and may 
be a potential criterion for patient selection in clinical trials.

However, the present study had limitations. First, it is a 
retrospective study, the number of patients involved was small 
and patients were restricted to be from a single center. Secondly, 
LMR is a non‑specific parameter of inflammation and the 
results may be influenced by the presence of other systemic 
diseases. Thirdly, the results of the present study were limited 
to patients with HBV‑associated advanced HCC. Additional 
etiologies of HCC, including HCV and alcohol, require study. 
Finally, the heterogeneity of patients with advanced HCC 
includes the distinctions between metastatic sites, which may 
bias the results. Additional large‑scale prospective studies and 
standard investigations are required to validate the results of 
the present study.

The present study, to the best of our knowledge, was the first 
study to analyze the prognosis of patients with HBV‑associated 
advanced HCC on the basis of a novel biomarker, LMR. LMR 
was identified to be an independent prognostic factor of 
patients with HBV‑associated advanced HCC with increased 
baseline LMR levels indicating an improved prognosis. A 
prospective and well‑designed study of LMR with larger 
cohorts is warranted for further validation.
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