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Purpose: Patients with hepatocellular carcinoma (HCC) who might benefit most from anti- 
angiogenesis therapy remain unknown. In recent years, neutrophil-to-lymphocyte ratio 
(NLR), an indicator of inflammatory response, has received particular attention in HCC. 
Herein, we explored the prognostic value of pre-treatment NLR in individuals with unre-
sectable intermediate and advanced hepatocellular carcinoma treated with apatinib, a second- 
line angiogenesis inhibitor. The findings of this study would assist in precision medicine and 
provide clinical decision support.
Patients and Methods: This is a retrospective study in which 171 HCC patients attending 
Tianjin Medical University Cancer Institute and Hospital and treated with apatinib between 
January 2016 and July 2018 were enrolled. The prognosis of the patients based on NLR 
signatures was then analyzed.
Results: Patients with a low pre-treatment NLR (NLR < 2.49) presented a significantly 
longer overall survival (OS) (P < 0.001) and progression-free survival (PFS) (P = 0.043). 
Furthermore, a low pre-treatment NLR level could be used to predict a longer OS in patients 
with non-macrovascular invasion (P < 0.001). Independent of serum alpha-fetoprotein (AFP) 
levels, a low NLR level in this cohort of patients is associated with a longer OS.
Conclusion: Pre-treatment NLR predicts the prognosis of patients with unresectable inter-
mediate and advanced HCC treated with apatinib.
Keywords: hepatocellular carcinoma, vascular endothelial growth factor receptor - 2, 
neutrophil to lymphocyte ratio, tyrosine protein kinases inhibitor

Introduction
Hepatocellular carcinoma (HCC) is the sixth most prevalent malignant tumor and the 
third leading cause of cancer-related deaths.1 Approximately 40% of HCC patients are 
diagnosed at advanced stages and the majority of them have limited access to radical 
treatments.2 Sorafenib and lenvatinib, two tyrosine protein kinase inhibitors (TKI), are 
the major targeted therapies against HCC.3–5 Indeed, compared to placebo, sorafenib 
was demonstrated to be effective by prolonging the median OS by 3 months, and 
lenvatinib presented a non-inferiority OS to that of sorafenib.5,6 Apatinib is a novel 
highly selective small-molecule tyrosine kinase inhibitor of vascular endothelial 
growth factor receptor (VEGFR)-2, with a strong antitumor activity against numerous 
cancers, including gastric cancer, breast cancer, ovarian cancer and liver cancer.7–11 
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A Phase III clinical trial has demonstrated that compared to 
placebo, apatinib markedly improves the objective response 
rate (ORR) and is thus recommended as a second-line treat-
ment for advanced HCC.12 Apatinib also substantially pro-
longs the OS of patients with sorafenib-refractory advanced 
HCC.13 In addition, apatinib may also present its vital and 
outstanding characteristics in optimization and regulation in 
tumor immune microenvironment, which exerts synergistic 
anti-cancer effects in combination with immunotherapy.14,15 

However, the lack of the predictive biomarkers for anti- 
angiogenesis therapy has been a challenge over the past 
few years. So far, there are no validated biomarkers for 
predicting the efficacy of apatinib treatment for HCC.

Literature illustrates that inflammation participates in the 
development and progression of HCC.16,17 Furthermore, pre-
clinical findings suggest that combination therapy of targeted 
therapy and immunotherapy is superior to either module 
alone, which indicates the synergistic antitumor effects of 
Programmed Cell Death Protein 1 (PD-1) blockade with 
apatinib in HCC.18 Neutrophil-to-lymphocyte ratio (NLR), 
one of the inflammatory markers, has recently been studied 
extensively.19 More and more evidence indicates that NLR is 
considered as a prognostic predictor for HCC after curative 
resection, liver transplantation and sorafenib therapy.20–22 

Herein, our finding suggests that NLR may be an accurate 
prognostic marker for OS and PFS of unresectable intermedi-
ate and advanced HCC patients on apatinib treatment.

Patients and Methods
A total of 171 patients with unresectable intermediate 
and advanced HCC who received apatinib treatment 
between January 2016 and July 2018 at Tianjin 
Medical University Cancer Institute and Hospital were 
enrolled for this study. The median follow-up period was 
29.8 months. Clinical and biodata were extracted from 
medical records. Inclusion criteria for the study were as 
follows: (a) 18 years or older with unresectable 
Barcelona Clinical Liver Cancer (BCLC) stage B or 
C HCC; (b) previously refractory or intolerant to at 
least one line of systemic therapy; (c) adequate liver 
function: Child-Pugh A or B (bilirubin ≤3 mg/dl, ALT 
and AST ≤ 5 times the upper limit of normal level) and 
(d) complete and available data on whole-blood count. 
Those (a) currently or previously on splenectomy treat-
ment; (b) with refractory ascites; (c) infectious or hema-
tologic disorders and (d) other autoimmune diseases 
were all excluded from the study. NLR is defined as 
the absolute neutrophil-to-lymphocyte ratio. Baseline 

NLR was performed on blood collected within 14 days 
of cancer diagnosis before initiation of apatinib therapy.

Treatment and Follow-Up
All patients received a daily dose of 250 mg or 500 mg of 
apatinib and were followed up routinely until the cut-off 
date 30 September 2020. The routine examinations were 
as follows: blood routines, AFP, liver function, abdomen 
ultrasonography every three months, and contrast CT or 
magnetic resonance imaging (MRI) every six months. 
Overall survival (OS) was defined as the interval from 
the commencement of apatinib to death for any reason or 
the last date of follow-up. Progression-free survival (PFS) 
is defined as the interval from the commencement of 
apatinib to disease progression or death from any cause.

Statistical Analysis
All statistical analysis was assessed using SPSS 25.0 (IBM 
Corporation, Armonk, NY, USA) and Prism software 
(GraphPad Prism Software, La Jolla, CA, USA). 
Quantitative values were analyzed using Student’s t-test. 
Categorical variables were analyzed using the Chi-squared 
tests. The accuracy of NLR in predicting the OS and PFS 
of HCC patients was evaluated using Kaplan–Meier 
method. The Cox proportional hazards model was per-
formed for univariate and multivariate analyses. p < 0.05 
was considered statistically significant.

Results
Baseline Characteristics of the HCC 
Patients Treated with Apatinib
Of the 171 patients, 149 (87.1%) were males, whereas 22 
(12.9%) were females. The mean and median NLR prior 
initiation of treatment were 2.64 and 2.21, respectively. 
Based on receiver operating characteristic curves (ROC), 
the optimal cutoff value of NLR for better prognosis of 
HCC patients was 2.49. The patients were then categorized 
into NLR-high (NLR ≥ 2.49, n = 70) and NLR-low (NLR < 
2.49, n = 101) group based on median NLR. The clinical 
characteristics of patients in the two groups are shown in 
Table 1. Overall, 32 (45.7%) and 35 (50%) patients in the 
NLR-high group presented with high AFP level (AFP > 400 
ng/mL) and macrovascular invasion, respectively. In the 
NLR-low group, high AFP level and macrovascular invasion 
were observed in 52 (51.5%) and 48 (47.5%) patients, 
respectively. The pre-treatment NLR was closely associated 
with Eastern Cooperative Oncology Group performance 
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Table 1 Baseline Characteristics of the HCC Patients

Variables NLR≥2.49 (n=70) NLR<2.49 (n=101) P-value

Age, n(%), years 0.206
<60 37(52.9) 64(63.4)

≥60 33(47.1) 37(36.6)

Gender, n(%) 1.000

Male 61(87.1) 88(87.1)
Female 9(12.9) 13(12.9)

AFP, n(%), ng/mL 0.534
≤400 38(54.3) 49(48.5)

>400 32(45.7) 52(51.5)

ECOG PS, n(%) 0.008

0 25(35.7) 58(57.4)

1 45(64.3) 43(42.6)

Child-Pugh, n(%) 0.006

A 46(65.7) 85(84.2)
B 24(34.3) 16(15.8)

Tumor size, cm, n(%) 0.873
≤10 50(71.4) 71(70.3)

>10 20(28.6) 30(29.7)

Tumor number, n(%) 0.136

≤3 30(42.9) 55(54.5)

>3 40(57.1) 46(45.5)

BCLC stage, n(%) 0.846

B 14(20) 19(18.8)
C 56(80) 82(81.2)

Type of Hepatitis, n(%)
None 14(20) 15(14.9) 0.412

HBV 50(71.4) 84(83.2) 0.089

HCV 4(5.7) 1(1.0) 0.160
HBV+HCV 2(2.9) 1(1.0) 0.568

Macrovascular invasion, n(%) 35(50.0) 48(47.5) 0.758

Extrahepatic spread, n(%) 37(52.9) 56(55.4) 0.757
Bone metastasis, n(%) 9(12.9) 11(10.9) 0.810

Lung metastasis, n(%) 10(14.3) 6 (5.9) 0.107

Lymph node metastasis, n(%) 27(38.6) 38(37.6) 0.873

Prior treatment, n(%)

Surgery 16(22.9) 40(39.6) 0.031
RFA 6(8.6) 15(14.9) 0.246

TACE or TAE 58(82.9) 75(74.3) 0.197

Radiotherapy 4(5.7) 3(3.0) 0.446

HGB, g/L* 137±22 146±19 0.003

WBC, 10^9/L* 6.09±1.74 5.32±1.54 0.003

PLT, 10^9/L† 174(107, 211) 163(100, 210) 0.538

ALT, U/L† 46(23, 58) 41(24, 48) 0.594

(Continued)
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status score (ECOG PS), Child-Pugh score, surgery, hemo-
globin (HGB) levels, white blood cell (WBC) count, albumin 
(ALB) level and serum gamma-glutamyl transpeptidase 
(GGT) level (P < 0.05). No obvious correlations with age, 
gender, serum AFP levels, BCLC stage, hepatitis virus, pla-
telet count (PLT), glutamic-pyruvic transaminase (ALT), 
aspartate aminotransferase (AST) or total bilirubin (TBil) 
were observed (P > 0.05).

Factors Associated with Prognosis of 
HCC Patients on Apatinib Treatment
To identify the influencing factors for prognosis after the 
administration of apatinib, univariable and multivariable 
analyses were performed. Univariate analysis revealed that 
ALB level, GGT level, total bilirubin (TBil), Child-Pugh 
score, tumor size, tumor number, macrovascular invasion 
and surgery substantially influenced the OS, whereas ALB 
level, ALT level and radiofrequency ablation (RFA) sig-
nificantly influenced the PFS in this cohort (Table 2). 
Multivariate analysis further revealed that total bilirubin 
(TBil), ALB level, and RFA were the most significant 
factors influencing the OS, whereas ALT level and RFA 
were associated with the PFS in this cohort. These findings 
demonstrate that pre-treatment NLR is an independent 
prognostic factor for predicting both OS and PFS of 
HCC patients treated with apatinib.

Overall and Progression-Free Survival 
According to NLR
To evaluate the value of pre-treatment NLR in predicting OS 
and PFS, Kaplan–Meier method was performed. Kaplan– 
Meier survival analysis revealed that the median OS of 
patients in the low NLR group was significantly higher 
than that of those in the high NLR group (17.15 months vs 

10.91 months; p < 0.001) (Figure 1A). Comparable findings 
were observed for median PFS (7.92 months vs 6.46 
months; p = 0.043) (Figure 1B). In general, our research 
demonstrated that a high pre-treatment NLR level in HCC 
patients treated with apatinib implied poor OS and PFS.

Prognostic Significance of NLR Within 
AFP, Macrovascular Invasion
Considering that two variables (AFP and macrovascular inva-
sion) were associated with overall survival, subgroup analysis 
was performed. Patients were classified into four groups 
based on mean serum AFP levels and NLR values. The 
results are shown in Figure 2. We found NLR ≥ 2.49 tended 
to be a predictor of poor OS regardless of serum AFP levels 
(Figure 2A). In addition, NLR could be used as a predictor of 
OS for patients with non-macrovascular invasion group (p < 
0.001). However, NLR was not a prognosis predictor of OS 
in HCC patients with macrovascular infiltration (Figure 2B).

Safety
Drug-related deaths did not occur in this study, and also no 
grade 5 drug-related adverse events occurred in all patients. 
The adverse events that occurred in ≥10% of patients are 
shown in Table 3. There were no new drug-related adverse 
events, and this was consistent with previously reported 
adverse events.12,23 The most common AEs were hyperten-
sion (43.3%), hand-foot syndrome (39.2%), fatigue (34.5%), 
hepatic insufficiency (29.8%), hematological toxicity 
(29.8%), anorexia (25.1%) and proteinuria (24.6%). Any 
hepatic insufficiency included elevated aspartate or alanine 
aminotransferase levels, hyperbilirubinemia. Grade 3–4 AE 
included proteinuria (12.9%), hematological toxicity 
(11.1%), hand-foot syndrome (5.8%) and hypertension 

Table 1 (Continued). 

Variables NLR≥2.49 (n=70) NLR<2.49 (n=101) P-value

AST, U/L† 61(34, 75) 57(30, 77) 0.291

TBil, μmol/L† 24.6(15.3, 32.3) 22.5(15.3, 28.8) 0.500

ALB, g/L* 37.3±5.0 39.9±5.8 0.003

GGT, U/L† 236(98, 321) 169(66, 224) 0.017

Notes: *Student’s t-test. †Mann–Whitney U-test. 
Abbreviations: NLR, neutrophil to lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology Group performance status score; BCLC, Barcelona Clinic Liver Cancer; 
HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-fetoprotein; TACE, transcatheter arterial chemoembolization; TAE, transcatheter arterial embolization; RF, 
radiofrequency ablation; HGB, hemoglobin; WBC, white blood cell count; PLT, platelet count; ALT, glutamic-pyruvic transaminase; AST, aspartate aminotransferase; ALB, 
albumin; TBil, total bilirubin; GGT, gamma-glutamyl transpeptidase.
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(1.2%). Any drug-related AEs could be recovered by dose 
reduction or discontinuation.

Discussion
Although anti-angiogenic therapy has achieved remarkable 
efficacy in advanced HCC treatment, there is no accurate 
biomarker for assessing treatment response to targeted 
therapy.5,24–26 In numerous studies, NLR has the potential 
to serve as a predictor for various cancers, including lung 
cancer, gastric cancer, breast cancer, esophageal carci-
noma, renal carcinoma and biliary tract cancer.27–33 In 
the present study, we evaluated the prognostic utility of 
NLR for unresectable HCC on apatinib treatment. Patients 
with unresectable intermediate and advanced HCC on 
apatinib treatment were divided into two groups based on 
the optimal cutoff value of NLR. We found that high pre- 
treatment NLR was associated with poorer prognosis with 
relative to low NLR. This may indicate that pre-treatment 
NLR grading could play an important role in predicting 
the survival outcomes. Given that NLR is an easily acces-
sible index in the clinical settings, it possesses potential 
practical applications for assisting clinicians in distin-
guishing HCC patients presenting poor survival with apa-
tinib treatment.

Since NLR in early and intermediate stage HCC has 
been discussed, our research provides an important supple-
ment in patients with unresectable intermediate and 
advanced HCC.34 We suggest NLR as a convenient indi-
cator to select patients suitable for systemic therapy. In 
particular, when subgroup stratification was performed 
based on AFP and macrovascular invasion, the survival 
differences between subgroups underscored the impor-
tance of NLR grading. Regardless of serum AFP levels, 
NLR < 2.49 may be served as a predictor of a longer OS. 
In the subgroup analysis of patients with non- 
macrovascular invasion, patients with low NLR presented 
a better OS than those with high NLR.

Recently, novel immunotherapy has been 
a breakthrough in the treatment of HCC. HCC is one of 
inflammation-related cancers and may evade the immune 
system by targeting immune checkpoints, such as cyto-
toxic programmed death receptor 1 (PD-1) or its ligand 
(PD-L1), T-lymphocyte associated protein 4 (CTLA-4), 
among many others.35 In the process of tumorigenesis 
and development, neutrophils release factors to stimulate 
cancer cell proliferation and are recognized as negative 
regulators of anti-tumor immunotherapy.36 Lymphocytes 
act as warriors against tumor progression, and as such, Ta
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relative lymphocyte depletion may represent an initial 
state of resistance to immunotherapy.37 A high NLR 
level may reflect increased neutrophil response or 
decreased lymphocyte response, and consequently, it pos-
sibly indicates a poor immunity status, resulting in a worse 
prognosis. A preclinical study on advanced HCC revealed 
that PD-1 antibody or PD-L1 antibody were less effica-
cious in non-inflamed tumors characterized by a low ratio 
of tumor-associated lymphocytes. Once VEGFR-2 block-
ade was administered in combination with PD-1 or PD-L1 
antibody, it reversed the deficiency in lymphocytes infil-
tration both in serum and in tumor tissues.38 Interestingly, 
dual VEGFR and PD-L1 blockade has shown increased 

OS in advanced lung cancer patients in clinical setting.39 

As such, antiangiogenic drugs like apatinib are thought to 
reverse the immune inflammatory state and restore normal 
immune responses, thus facilitating the efficacy of immu-
notherapy. In other words, patients with high NLR may be 
more responsive to immunotherapy in combination with 
apatinib, relative to those with low NLR who respond 
better to apatinib monotherapy. As a potential inflamma-
tory marker, NLR is speculated to play a vital guiding role 
in predicting the response to antiangiogenic drugs com-
bined with immunotherapy. Due to the limited cases of 
combination therapy of apatinib and PD-1 antibody, little 
is known about the underlying mechanisms of synergistic 

Figure 1 Kaplan-Meier survival analysis of OS and PFS. High NLR ≥ 2.49 was associated with a shorter OS (A) and PFS (B).

Figure 2 Subgroup analysis of OS. (A) Subgroup with AFP ≤ 400ng/mL, the median OS (NLR-low vs NLR-high, 22.41 months vs 11.43 months, p = 0.008) was significantly 
better in the NLR-low group than in the NLR-high group; subgroup with AFP > 400ng/mL, the median OS (NLR-low vs NLR-high, 14.29 months vs 10.29 months, p = 0.007) 
was also better in the NLR-low group than in the NLR-high group. (B) Subgroup with non-macrovascular invasion, the median OS (NLR-low vs NLR-high, 25.40 months vs 
12.09 months, p < 0.001) was significantly better in the NLR-low group than in the NLR-high group; subgroup with macrovascular invasion, NLR cannot be used as 
a predictor of OS.
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anti-tumor effects of antiangiogenic drugs and immu-
notherapy as well as the relationship between NLR and 
combination therapy. More cases are indeed to be collected 
and analyzed further, so that patients could receive optimal 
therapy schemes based on a given NLR. In the next com-
ing years, the combination of apatinib plus immunotherapy 
may largely benefit patients with unresectable intermediate 
and advanced HCC, and this haematological index could 
guide clinicians to make the right therapeutic decisions.

The present study is retrospective and has its limita-
tions in nature. First, selection bias cannot be ruled out. 
Second, it is a single-center study with a varied number of 
patients and the sample size is relatively small; further 
studies with a larger cohort of patients are needed to 
justify this finding. Third, the study is limited to an 
Asian population, it cannot fully represent the overall 
population.

Conclusion
Our study supports further investigation of NLR as an 
available and inexpensive pre-treatment marker. This 
work is an important supplement to the evidence that 
such a marker could be used to prognosticate and predict 
the outcomes of HCC patients treated with anti- 
angiogenesis.
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