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Objectives: To investigate the predictive value of inflammatory biomarkers in patients with
unresectable hepatocellular carcinoma (HCC) for outcomes following the combination
treatment of transarterial chemoembolization (TACE) plus sorafenib.

Materials and Methods: A total of 314 (270 male and 44 female) treatment-naïve
patients with unresectable HCC treated by TACE plus sorafenib between January 2011
and December 2018 were enrolled in the retrospective study. The primary outcome was
overall survival (OS). The secondary outcome was progression-free survival (PFS).
Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) were
obtained within 3–7 days before the initial TACE and the median value of the NLR and
PLR was considered as the cut-off value.

Results: The median value of NLR and PLR was 2.42 and 100, respectively. The median
OS and PFS of the entire cohort were 18.7 months (95% CI: 16.8–20.6) and 9.1 months
(95% CI: 8.5–9.8), respectively. The low NLR and PLR group showed improved OS and
PFS compared with the high NLR and PLR group [21.8 months (95% CI: 15.2–28.5) vs.
15.4 months (95% CI: 12.4–18.3), p < 0.0001; 21.6 months (95% CI: 15.8–27.5) vs.
14.9 months (95% CI: 11.9–17.8), p � 0.00027, respectively]. In addition, the low NLR and
PLR group also provided a longer PFS than the high NLR and PLR group [10.4 months
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(95% CI: 8.9–12.0) vs. 8.1 months (95% CI: 7.1–9.2), p � 0.00022; 10.3 months (95% CI:
8.6–11.9) vs. 8.2 months (95% CI: 7.2–9.2), p < 0.0001, respectively]. High NLR and PLR
at baseline were predictive factors of poor OS (p � 0.02 and p � 0.004) and PFS (p � 0.045
and p � 0.005).

Conclusion: This study showed the prognostic value of quantitative inflammatory
biomarkers in correlation with OS and PFS in unresectable HCC patients undergoing
TACE plus sorafenib treatment.

Keywords: transarterial chemoembolization, sorafenib, platelet count, neutrophils, lymphocytes

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary
hepatic tumor and the third leading cause of cancer-related death
worldwide (Forner et al., 2018; Kim and Shin, 2019). Transarterial
chemoembolization (TACE) is the most widely applied treatment
regimen not only in intermediate stage HCC recommended by
guidelines but in advanced stage according to the BRIDGE study
(Park et al., 2015; European Association for the Study of the Liver,
2018). However, the TACE-induced liver function deterioration
and upregulation of vascular endothelial growth factor (VEGF)
may lead to tumor recurrence and metastasis, which, in turn,
provides unfavorable outcomes in unresectable HCC patients
(Wang et al., 2008).

As an oral multikinase inhibitor, sorafenib has been shown to
significantly offer clinical benefits in HCC patients with advanced
stage (Cheng et al., 2009). Considering that sorafenib suppresses
the surge of proangiogenic factors after the administration of
TACE, the combination of TACE and sorafenib could have a
synergistic effect and improve clinical prognosis in unresectable
HCC patients (Pawlik et al., 2011). Although three trials
conducted previously (post-TACE trial, SPACE trail, and
TACE-2 trial) comparing clinical benefits in the combination
therapy with that in TACE monotherapy did not demonstrate
any compelling evidence by the addition of sorafenib to TACE,
the TACTIS trial indicated that much longer duration of
sorafenib administration which may prolong the progression-
free survival (PFS) and provide the preservation of the liver
function, which could eventually lead to prolongation of
overall survival (OS) (Kudo et al., 2011; Lencioni et al., 2016;
Meyer et al., 2017; Kudo et al., 2020). However, the high
heterogeneity of unresectable HCC may result in
heterogeneous therapeutic efficacy in patients treated by the
combination of TACE plus sorafenib (Kudo, 2018). It is
difficult to predict prognosis in individual patients. Therefore,
development of effective biomarkers to identify subpopulations of
patients who are most likely to benefit from such a combination
therapy is needed (Zhang et al., 2020b). Previous studies showed
that sorafenib-related adverse events were associated with
favorable prognosis in HCC patients (ref.). Nevertheless, given
the high treatment costs, drug-related toxicity, and the harm of
ineffective treatment, cheap and readily available predictive
biomarkers are of interest.

Concerning the inflammatory and immune environments that
contribute to HCC formation and progression, the peripheral

blood cells have been reported as a biomarker because
neutrophils and high platelets suppress antitumoral immune
cell function and induce upregulation of vascular endothelial
growth (Zheng et al., 2017a; Schobert et al., 2020). Previous
studies showed that high neutrophil-to-lymphocyte (NLR) and
platelet-to-lymphocyte (PLR) values are associated with worse
OS, which could have the potential to serve as quantitative
biomarkers for individual prognosis prediction of HCC
patients treated with TACE or sorafenib alone (Chon et al.,
2019; He et al., 2019; Hong et al., 2019; Wang et al., 2020).
Nevertheless, the same prognostic value of the biomarkers for
unresectable HCC patients undergoing the combination therapy
of TACE and sorafenib is not well studied. Consequently, the aim
of this study was to investigate the effectiveness of the prognostic
roles of NLR and PLR in unresectable HCC patients receiving
TACE plus sorafenib treatment.

MATERIALS AND METHODS

Patients
This retrospective study was approved by the Institutional Review
Board (IRB) at two institutions. All clinical practices and
observations were conducted in accordance with the
Declaration of Helsinki. The requirement to obtain informed
consent was waived due to the retrospective nature. The dual-
center (The First Affiliated Hospital of Soochow University and
Zhongshan Hospital) study consisted of consecutive treatment-
naïve unresectable HCC patients treated with the combination
therapy of TACE and sorafenib between January 2011 and
December 2018. HCC was diagnosed by pathologic assessment
or noninvasive criteria according to the European Association for
the Study of the Liver (EASL) guidelines (European Association
for the Study of the Liver, 2018). Each treatment decision was
assessed by a multidisciplinary consensus, including
interventional radiologists, oncologists, liver surgeons, and
hepatologists.

The inclusion criteria for this study were as follows: 1) patients
≥18 years old; 2) Eastern Cooperative Oncology Group
performance scores ≤1; 3) no prior HCC-related treatment
including resection, local ablation, systemic therapy, or TACE;
4) Child-Pugh (CP) liver function stage of A to B7; 5) aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) < 5 *
upper limit of normal (ULN), serum creatinine <1.5 * ULN, and
bilirubin level< 3 mg/dl; and 6) adequate hematologic and

Frontiers in Molecular Biosciences | www.frontiersin.org May 2021 | Volume 8 | Article 6243662

Zhang et al. NLR and PLR in HCC

https://www.frontiersin.org/journals/molecular-biosciences
www.frontiersin.org
https://www.frontiersin.org/journals/molecular-biosciences#articles


clotting function. The exclusion criteria were as follows: 1)
comorbidity with other primary malignancies; 3) prior
chemotherapy, radiotherapy, or molecular-targeted HCC
therapy; 4) contraindications for embolization or sorafenib;
and 5) the administration of sorafenib discontinued more than
one month.

Treatment Protocol
All the patients included in this study were treated with the
conventional TACE procedure according to institutional
standards, and all the TACE procedures were performed by
six board-certified interventional radiologists with more than
8 years of experience. Selective or superselective catheterization
of the tumor-feeding arteries was introduced with a 2.7 F
microcatheter (Progreat; Terumo, Japan) after the diagnostic
angiography of the celiac trunk and superior mesenteric artery
with a 5 F catheter. Patients received the intra-arterial injection of
an emulsion of doxorubicin (10–50 mg) and oxaliplatin
(100–200 mg) in ethiodized oil (2–20 ml, Lipiodol Ultra-
Fluide; Laboratoire Guerbet, Roissy Charles de Gaulle, France)
followed by Gelfoam (Ailikang Inc., Hangzhou, China) particles
(350–560 μm) under fluoroscopic guidance until arterial inflow
was substantially reduced. After 5 min, another angiography was
obtained from the common hepatic artery to verify no residual
tumor enhancement. According to the “on-demand” basis in the
setting of detecting new or residual tumor tissue (i.e., incomplete
necrosis) on follow-up imaging, chemoembolization was
repeated.

The initial administration of sorafenib (400 mg, twice daily)
was within 1 week after the initial and on-demand
chemoembolization. The dose of sorafenib was adjusted
(400 mg/day, 400 mg every other day) for drug-related adverse
events (AEs), which were based on the Common Terminology
Criteria of Adverse Events (CTCAE) version 5.0. The treatment
was discontinued when the patients had untreatable progression
and unacceptable toxicity.

Outcomes and Follow-Up
All the clinical and radiological data were retrieved from the
electronic medical record from the two institutions. NLR was
calculated as absolute neutrophil count divided by absolute
lymphocyte count measured in the peripheral blood before the
initial TACE treatment. PLR was calculated by division of
absolute thrombocytes and lymphocytes accordingly. Baseline
characteristics, including blood routine examination and
biochemical analysis, were obtained 3–7 days before the initial
chemoembolization and post-TACE hospitalization and every
month outpatient clinical follow-up. The status of patients (alive
or dead) was recorded on the medical records or inquired by
phone from the family member. Multiphase Computed
Tomography (CT) or Magnetic Resonance Imaging (MRI) was
performed 1 week before and between 1 and 2 months after the
TACE procedure. All CT scans were with 64 or more row systems
and all MRI scans were 3 T unit. The evaluation of radiological
response was carried out by two radiologists with abdominal
imaging experience of more than 5 years. Both of them were
blinded to the treatment regimen and patient information. The

response of the combination treatment was classified based on the
modified response evaluation criteria in solid tumors (mRECIST)
(Llovet and Lencioni, 2020).

The primary outcome measurement of this study was OS.
OS was defined as the duration of time from the initial TACE
treatment to the date of death or the last follow-up (July 31,
2020). The second outcome measurement was PFS, which was
defined as the time from the initial chemoembolization to
death or radiological progression. Patients who were alive and
without progression were censored at the last follow-up
period.

Statistical Analysis
Continuous variables and categorical variables were presented as
median (interquartile range) and frequencies (percentages),
respectively. The median value of the NLR, PLR, and aspartate
transaminase (AST)/alanine transaminase (ALT) ratio was
considered as the cut-off value. The cut-off values of age, AST,
ALT, tumor size, number of nodules, alpha-fetoprotein (AFP),
and bilirubin were based on previous studies (Song et al., 2012;
Lee et al., 2019; Zhong et al., 2019). The differences of the baseline
characteristics were compared between the high and low NLR/
PLR groups using theMann–WhitneyU test or Fisher’s exact test.
OS and PFS were plotted using the Kaplan–Meier method and
were compared using the log-rank test. Univariate Cox’s
proportional hazards regression model analysis was performed
to determine the factors associated with OS and PFS.
Multivariable analysis was carried out on variables that
reached p < 0.05 at univariable analysis. Considering that NLR
and PLR both take into account lymphocyte count, two separate
models for NLR (model 1)/PLR (model 2) were developed for the
multivariable analyses. The predictive value of NLR and PLR was
also assessed by calculating the area under the curve (AUC) from
receiver operating characteristic (ROC) curves. The significance
level of 5% was used to determine statistical significance. All
statistical analyses were performed using the SPSS (version 25.0,
IBM Corp.) and R software version 3.2.2 (http://www.r-
project.org).

RESULTS

Patient Characteristics
A total of 314 treatment-naïve unresectable HCC patients treated
with chemoembolization plus sorafenib were enrolled in this
study. Of the included patients, there were 270 (86.0%) males
and 44 (14.0%) females with a median age of 55 (range, 26–81)
years in the entire cohort. Hepatitis B virus (HBV) (85.7%) was
the predominant etiology of liver disease. The number of patients
with portal vein invasion and hepatic vein invasion was 106
(33.8%) and 37 (11.8%), respectively. Nearly all patients had a CP
A liver function and good performance (ECOG 0). Barcelona
Clinic Liver Cancer (BCLC) stage B patients constituted 54.1% of
the entire cohort. The median values of NLR and PLR were 2.42
and 100, respectively. The difference in the baseline
characteristics of the two NLR/PLR groups was presented in
Table 1. Compared with the patients in the high NLR group,
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those with low NLR had a less advanced-stage disease (BCLC
stage, portal vein invasion, and extrahepatic spread), better
preserved liver function (albumin-bilirubin, ALBI), and lower

value of AST. Additionally, patients in the low PLR group were
associated with more males, less advanced-stage disease, lower
value of AFP, and lower AST/ALT ratio.

TABLE 1 | Comparison of the clinic-laboratory data and demographic features between patients with 1) low NLR and high NLR and 2) low and high PLR.

Characteristic Overall
(n = 314)

NLR < 2.42
(n = 159)

NLR ≥ 2.42
(n = 155)

p value PLR < 100 (n = 157) PLR ≥ 100 (n = 157) p value

Gender 0.927 0.034
Male 270 (86.0) 137 (86.2) 133 (85.8) 142 (90.5) 128 (81.5)
Female 44 (14.0) 22 (13.8) 22 (14.2) 15 (9.5) 29 (18.45)

Age (years) 0.431 0.366
≤55 165 (52.6) 80 (50.3) 85 (54.8) 87 (55.4) 78 (49.7)
>55 149 (47.4) 79 (49.7) 70 (45.2) 70 (44.6) 79 (50.3)

ECOG 0.151 1.000
0 312 (99.4) 159 (100) 153 (98.7) 156 (99.4) 156 (99.4)
1 2 (0.6) 0 (0) 2 (1.3) 1 (0.6) 1 (0.6)

Etiology 0.422 0.107
HBV 269 (85.7) 139 (87.4) 130 (83.9) 140 (89.2) 129 (82.2)
Other 45 (14.3) 20 (12.6) 25 (16.1) 17 (10.8) 28 (17.8)

Cirrhosis 0.715 0.713
218 (69.4) 112 (70.4) 106 (68.4) 111 (70.7) 107 (68.2)

Tumor size (cm) 0.496 0.256
≤5 175 (55.7) 92 (57.9) 83 (53.6) 93 (59.2) 82 (52.2)
>5 139 (44.3) 67 (42.1) 72 (46.4) 64 (40.8) 75 (47.8)

No. of nodules 0.501 1.000
<3 160 (51.0) 78 (49.1) 82 (52.9) 80 (51.0) 80 (51.0)
≥3 154 (49.0) 81 (50.9) 73 (47.1) 77 (49.0) 77 (49.0)

PVTT 0.001 0.042
106 (33.8) 39 (24.5) 67 (43.2) 44 (28.0) 62 (39.5)

Hepatic vein invasion 0.116 0.161
37 (11.8) 14 (8.8) 23 (14.8) 14 (8.9) 23 (14.7)

Child-Pugh class 0.980 1.000
A 310 (98.7) 157 (98.7) 153 (98.7) 155 (98.7) 155 (98.7)
B 4 (1.3) 2 (1.3) 2 (1.3) 2 (1.3) 2 (1.3)

BCLC stage <0.001 0.001
B 170 (54.1) 107 (67.3) 63 (40.7) 100 (63.7) 70 (44.6)
C 144 (45.9) 52 (32.7) 92 (59.3) 57 (36.3) 87 (55.4)

ALBI grade 0.046 0.191
1 170 (54.1) 97 (61.0) 73 (47.1) 93 (59.2) 77 (49.0)
2 142 (45.2) 61 (38.4) 81 (52.3) 63 (40.1) 79 (50.3)
3 2 (0.7) 1 (0.6) 1 (0.6) 1 (0.7) 1 (0.7)

Tumor distribution 0.282 0.905
Unilobar 210 (66.9) 111 (69.8) 99 (63.9) 106 (67.5) 104 (66.2)
Bilobar 104 (33.1) 48 (30.2) 56 (36.1) 51 (32.5) 53 (33.8)

Extrahepatic spread (PVTT
excluded)

32 (10.2) 8 (5.0) 24 (15.5) 0.003 10 (6.4) 22 (14.0) 0.039

AFP (ng/dl) 0.070 0.024
≤200 167 (53.2) 93 (58.5) 74 (47.7) 94 (59.9) 73 (45.5)
>200 147 (46.8) 66 (41.5) 81 (52.3) 63 (40.1) 84 (54.5)

AST (U/L) 0.003 0.054
≤40 144 (45.9) 86 (54.1) 58 (37.4) 81 (51.6) 63 (40.1)
>40 170 (54.1) 73 (45.9) 97 (62.6) 76 (48.4) 94 (59.9)

ALT (U/L) 0.909 0.087
≤40 180 (57.3) 92 (57.9) 88 (56.8) 82 (52.2) 98 (62.4)
>40 134 (42.7) 67 (42.1) 67 (42.2) 75 (47.7) 59 (37.6)

Albumin (g/L) 0.595 0.894
≤35 74 (23.6) 35 (22.0) 39 (25.2) 38 (24.2) 36 (22.9)
>35 240 (76.4) 124 (78.0) 116 (74.8) 119 (75.8) 121 (77.1)

TBIL (umol/L) 0.107 0.227
≤17.1 242 (77.1) 129 (81.1) 113 (72.9) 116 (73.9) 126 (80.2)
>17.1 72 (22.9) 30 (18.9) 42 (27.1) 41 (26.1) 31 (19.8)

AST/ALT 0.178 0.005
≤1.18 156 (49.7) 85 (53.5) 71 (45.8) 91 (58.0) 65 (41.4)
>1.18 158 (50.3) 74 (46.5) 84 (54.2) 66 (42.0) 92 (58.6)

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine transaminase; AST, aspartate transaminase; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology
Group; HBV, hepatitis B virus; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PVTT, portal vein tumor thrombus; TBIL, total bilirubin.
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Outcomes
The median follow-up was 21.0 months (95% CI, 19.7–22.4). The
median OS and PFS of the entire cohort were 18.7 months (95%
CI: 16.8–20.6) and 9.1 months (95% CI: 8.5–9.8), respectively.
The low NLR and PLR group showed improved OS compared
with the high NLR and PLR group [21.8 months (95% CI:
15.2–28.5) vs. 15.4 months (95% CI: 12.4–18.3), p < 0.0001;
21.6 months (95% CI: 15.8–27.5) vs. 14.9 months (95% CI:
11.9–17.8), p � 0.00027, respectively] (Figure 1). The 1- and
3-year OS rate of the low and high NLR/PLR group was 83.0% vs.
59.4% and 36.6% vs. 18.9% and 83.4% vs. 59.2% and 34.0% vs.
22.2%, respectively. In addition, the low NLR and PLR group also
provided a longer PFS than the high NLR and PLR group
[10.4 months (95% CI: 8.9–12.0) vs. 8.1 months (95% CI:
7.1–9.2), p � 0.00022; 10.3 months (95% CI: 8.6–11.9) vs.
8.2 months (95% CI: 7.2–9.2), p < 0.0001, respectively]
(Figure 2). The 1-year PFS rate of the low and high NLR/PLR
group was 42.8% vs. 28.4% and 43.9% vs. 27.4%, respectively. The
1-year AUC of NLR and PLR was 0.684 and 0.681, respectively.
The cut-off values of NLR and PLR correspond to sensitivity
values of 54.8% and 53.9%, and specificity values of 45.2% and
42.8%, respectively (Figure 3A). The 3-year AUC of NLR and
PLR was 0.621 and 0.581, respectively. The NLR and PLR

correspond to sensitivity values of 45.5% and 46.1%, and
specificity values of 42.8% and 55.4%, respectively (Figure 3B).

Prognostic Factors
In the univariate survival analysis, tumor size, portal vein
invasion, extrahepatic spread, ALBI, AFP, AST, albumin, NLR,
PLR and AST/ALT ratio were associated with OS (p < 0.05 for all)
(Table 2). Multivariable Cox regression analysis indicated that in
model 1, high NLR, tumor size >5 cm, portal vein invasion, and
extrahepatic spread were independent factors associated with
poor OS, whereas model 2 showed high PLR, portal vein
invasion, AST >40 U/L, and extrahepatic spread as prognostic
for poorer OS in patients receiving chemoembolization plus
sorafenib (Table 3).

The univariate analysis identified tumor size, portal vein
invasion, hepatic vein invasion, extrahepatic spread, AFP, AST,
albumin, NLR, and PLR as potential prognostic factors for PFS
(Table 4). The multivariable analysis using model 1 identified
tumor size >5 cm, AST >40 U/L, extrahepatic spread, and high
NLR as prognostic for shorter PFS, and the model showed similar
results with tumor size >5 cm, AST >40 U/L, and extrahepatic
spread as prognostic for poorer PFS apart from high PLR
(Table 5).

FIGURE 1 | Kaplan–Meier curves of different group analyses of overall survival (OS) according to patients’ NLR and PLR level. (A) Patients with low NLR vs. high
NLR at baseline; (B) patients with low PLR vs. high PLR at baseline.

FIGURE 2 | Kaplan–Meier curves of different group analyses of progression-free survival (PFS) according to patients’NLR and PLR level. (A) Patients with low NLR
vs. high NLR at baseline; (B) patients with low PLR vs. high PLR at baseline.
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DISCUSSION

This study demonstrated that hematological parameters (NLR or
PLR) at baseline could predict outcomes of unresectable HCC
patients undergoing the combination therapy of
chemoembolization plus sorafenib. Patients with NLR <2.42 or
PLR <100 had an improved OS or PFS than that in the high NLR
or PLR group. Two models, which separately included NLR and
PLR, both showed NLR and PLR were strong prognostic factors,
indicating that NLR or PLR was useful to differentiate target
patients and stratify risk.

More recently, the first-ever positive TACTIS trial showed the
superiority of TACE in combination of sorafenib over TACE alone
in terms of clinical outcomes, including PFS (25.2 vs. 13.5 months;
HR � 0.59; 95% CI: 0.41–0.87; p � 0.006) and 1- and 2-year survival
rates (96.2% vs. 82.7%; 77.2% vs. 64.6%, respectively), indicating that
unresectable HCC patients could benefit from the combination
therapy (Kudo et al., 2020). The better outcomes provided by
this trial may due to the normalization of feeding arteries,
leading to enhancement of TACE efficacy through dense
accumulation of embolization agents (i.e., lipiodol mixed with
chemotherapeutic drugs followed by Gelfoam). The liver function
preservation caused by less TACE repetition and a much longer
duration of sorafenib administration could be the other possible
explanations (Kudo et al., 2020). However, considering that the
biological heterogeneity of unresectable HCC and the tumor
microenvironment could hamper treatment efficacy, resulting in
heterogeneous prognosis in individuals, new biomarkers are
warranted in order to evaluate the impact of the individual
immune system activity on tumor progression and susceptibility
to the combination therapy of chemoembolization plus sorafenib
(Schobert et al., 2020).

As measured in peripheral blood samples, NLR and PLR were
considered as indirect markers of systemic inflammatory
response and have been evaluated as predictors of recurrence
and survival in various malignancies (Templeton et al., 2014;
Zheng et al., 2017b). Several meta-analysis studies suggested that
high NLR and PLR are associated with an adverse OS in HCC
patients undergoing liver transplantation or hepatectomy (Lin
et al., 2018; Wang et al., 2018). More recently, a meta-analysis
including 5280 HCC patients treated by TACE reported that
evaluated NLR and PLR at baseline were significantly correlated
with poor OS (HR: 1.81, 95% CI: 1.66–1.97, p < 0.00001; HR: 1.56,
95% CI: 1.13–2.16, p � 0.007, respectively) (Li et al., 2020). In
addition, another meta-analysis indicated that HCC patients with
lower NLR at baseline could have a better response to sorafenib
than those with higher pretreatment NLR (HR � 1.76, 95% CI:
1.44–2.15, p < 0.00001) (Liu et al., 2019). As shown in the present

FIGURE 3 | ROC curves of the NLR and PLR in unresectable HCC patients. (A) 1-year and 3-year ROC curve of NLR; (B) 1-year and 3-year ROC curve of PLR.

TABLE 2 | Univariate analysis of risk factors associated with overall survival.

Characteristic HR 95% CI p value

Gender F/M 0.883 0.618–1.261 0.493
Age (years) >55/≤55 0.813 0.636–1.040 0.099
ECOG 1/0 0.370 0.052–2.655 0.323
Etiology HBV/others 0.917 0.652–1.290 0.619
Cirrhosis Yes/no 0.928 0.713–1.209 0.582
Tumor size (cm) >5/≤5 1.750 1.362–2.249 <0.001
No. of nodules ≥3/<3 1.227 0.961–1.567 0.101
PVTT Yes/no 1.864 1.429–2.432 <0.001
Hepatic vein invasion Yes/no 1.283 0.868–1.895 0.211
Child-Pugh class B/A 1.597 0.593–4.297 0.354
ALBI grade 3/2/1 1.389 1.095–1.762 0.007
Tumor distribution Bilobar/unilobar 1.146 0.887–1.479 0.297
Extrahepatic spread Yes/no 2.461 1.673–3.621 <0.001
AFP (ng/dl) >200/≤200 1.418 1.107–1.817 0.006
AST (U/L) >40/≤40 1.479 1.155–1.894 0.002
ALT (U/L) >40/≤40 1.129 0.883–1.443 0.334
Albumin (g/L) >35/≤35 0.698 0.526–0.926 0.013
TBIL (umol/L) >17.1/≤17.1 1.089 0.754–1.573 0.648
NLR ≥2.42/<2.42 1.647 1.287–2.109 <0.001
PLR ≥100/<100 1.576 1.231–2.018 <0.001
AST/ALT >1.18/≤1.18 1.328 1.037–1.701 0.025

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine transaminase; AST,
aspartate transaminase; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B
virus; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PVTT,
portal vein tumor thrombus; TBIL, total bilirubin; HR, hazard ratio; CI, confidence interval.
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study, lower NLR and PLR were significant predictive factors for
better survival in the unresectable HCC patients treated with
TACE plus sorafenib (HR � 1.36, 95% CI: 1.05–1.75, p � 0.02;
HR � 1.44, 95% CI: 1.12–1.86, p � 0.004, respectively). The
similar prognostic values of NLR and PLR in patients
undergoing the combination therapy may result from the
following reasons. First, given HBV induces chronic
inflammation and immune modulation, patients with either a
higher adaptive immune infiltrate (lymphocytes) or lower
innate immune infiltrate (neutrophils or platelet) may have a
better response to sorafenib. Additionally, previous evidence
showed that the immune system and tumor microenvironment
could be affected by sorafenib with enhancing T-cell activation
and blocking T-cell regulatory function (Bruix et al., 2017).
Second, although TACE-induced tumor hypoxia may have an
impact on immune cell activity, TACE has the potential to affect
the immune system in a positive way by exposing tumor
antigens to the immune system (Xue et al., 2015). A recent
experimental study illustrated that the specialized subset of T
helper lymphocytes (Th17) and its signature cytokine IL-17
were increased after the embolization treatment (Avritscher
et al., 2020). Tampaki et al. reported the sTIM-3 level in
plasma significantly increased after TACE due to the
upregulation, whereas patients with better response had
higher posttreatment values (Tampaki et al., 2020).

TABLE 3 | Multivariate Cox proportional hazards regression analysis of NLR and PLR with overall survival.

Characteristic B SE B Wald HR 95% CI p value

NLR
Tumor size (cm) >5/≤5 0.344 0.136 6.434 1.410 1.081–1.840 0.011
PVTT Yes/no 0.466 0.141 10.950 1.593 1.209–2.099 0.001
Extrahepatic spread Yes/no 0.708 0.202 12.229 2.029 1.365–3.017 <0.001
NLR ≥2.42/<2.42 0.305 0.131 5.4333 1.356 1.050–1.753 0.020

PLR
PVTT Yes/no 0.487 0.140 12.133 1.627 1.237–2.139 <0.001
Extrahepatic spread Yes/no 0.915 0.197 21.544 2.497 1.697–3.674 <0.001
AST >40/≤40 0.298 0.129 5.368 1.348 1.047–1.735 0.021
PLR ≥100/<100 0.366 0.128 8.120 1.442 1.121–1.855 0.004

AST, aspartate transaminase; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PVTT, portal vein tumor thrombus; SE, standard error; CI, confidence interval; HR,
hazard ratio.

TABLE 4 | Univariate analysis of risk factors associated with progression-free
survival.

Characteristic HR 95% CI p value

Gender F/M 1.030 0.743–1.428 0.858
Age (years) >55/≤55 0.911 0.728–1.140 0.415
ECOG 1/0 0.562 0.139–2.273 0.419
Etiology HBV/others 1.030 0.745–1.423 0.859
Cirrhosis Yes/no 0.935 0.734–1.193 0.591
Tumor size (cm) >5/≤5 1.588 1.262–1.997 <0.001
No. of nodules ≥3/<3 1.020 0.813–1.280 0.865
PVTT Yes/no 1.576 1.234–2.014 <0.001
Hepatic vein invasion Yes/no 1.477 1.043–2.093 0.028
Child-Pugh class B/A 1.313 0.488–3.529 0.589
ALBI grade 3/2/1 1.169 0.941–1.452 0.158
Tumor distribution Bilobar/unilobar 0.915 0.719–1.165 0.472
Extrahepatic spread Yes/no 2.091 1.442–3.031 <0.001
AFP (ng/dl) >200/≤200 1.321 1.053–1.656 0.016
AST (U/L) >40/≤40 1.545 1.229–1.942 <0.001
ALT (U/L) >40/≤40 1.033 0.822–1.297 0.783
Albumin (g/L) >35/≤35 0.751 0.575–0.981 0.036
TBIL (umol/L) >17.1/≤17.1 1.079 0.778–1.499 0.648
NLR ≥2.42/<2.42 1.533 1.220–1.926 <0.001
PLR ≥100/<100 1.599 1.270–2.013 <0.001
AST/ALT >1.18/≤1.18 1.424 1.135–1.787 0.002

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine transaminase; AST,
aspartate transaminase; ECOG, Eastern Cooperative Oncology Group; HBV, hepatitis B
virus; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PVTT,
portal vein tumor thrombus; TBIL, total bilirubin; HR, hazard ratio; CI, confidence interval.

TABLE 5 | Multivariate Cox proportional hazards regression analysis of NLR and PLR with progression-free survival.

Characteristic B SE B Wald HR 95% CI p value

NLR
Tumor size (cm) >5/≤5 0.303 0.123 6.091 1.354 1.064–1.722 0.014
AST (U/L) >40/≤40 0.378 0.121 9.712 1.459 1.151–1.850 0.002
Extrahepatic spread Yes/no 0.378 0.121 9.712 1.459 1.151–1.850 0.002
NLR ≥2.42/<2.42 0.246 0.123 4.013 1.278 1.005–1.626 0.045

PLR
Tumor size (cm) >5/≤5 0.271 0.123 4.865 1.312 1.031–1.669 0.027
AST (U/L) >40/≤40 0.390 0.120 10.643 1.477 1.169–1.868 0.001
Extrahepatic spread Yes/no 0.735 0.193 14.500 2.086 1.429–3.045 <0.001
PLR ≥100/<100 0.345 0.122 8.063 1.412 1.113–1.792 0.005

AST, aspartate transaminase; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SE, standard error; CI, confidence interval; HR, hazard ratio.
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In the present study, the OS and PFS curve showed a cut-off
value of median NLR and PLR of 2.42 and 100, which
significantly patients’ OS and PFS stratified based on NLR
and PLR (p < 0.001 for all). A recent meta-analysis
indicated that 3 was the minimum cut-off value for NLR to
play a prognostic value (Liu et al., 2019). However, different
ethnic populations and the heterogeneity of the enrolled studies
had a greater impact on the consistency of the results. Another
study conducted by Wang et al. suggested that baseline NLR
>2.4 was an independent prognostic factor of poor OS, which
was similar to this study. For the cut-off value of PLR, it was
also similar to a previous study which illustrated that lower
preoperative PLR (≤100) can predict longer disease-free
survival (DFS) and OS for HCC patients undergoing TACE
plus radiofrequency ablation (RFA) (Long et al., 2020).
Moreover, more patients with less advanced stage were
shown in both low NLR and PLR groups in this study;
previous evidence also showed the incidence of high
pretreatment NLR had a significant association with the
presence of portal vein invasion (Li et al., 2020).

It should be noted that there are some limitations in this study.
First, select bias may exist in this study due to the retrospective
nature. Second, the target population of this study included
patients with portal vein invasion, which was a relative
contraindication of TACE. However, previous studies showed
that advanced HCC patients treated with chemoembolization
plus sorafenib could have favorable outcomes compared to those
treated with sorafenib monotherapy (Zhang et al., 2020a). Last
but not least, this study did not investigate the prognostic value
and the other inflammatory and immune biomarkers. Well-
designed prospective studies are warranted to evaluate the
meaning of the other biomarkers and also conduct a clinically
meaningful cut-off value.

In conclusion, this study reported the feasibility and validated
two prognostic biomarkers (NLR or PLR) for unresectable HCC
patients following the combination therapy of chemoembolization
plus sorafenib and indicated that unresectable HCC patients with
lower NLR/PLR may have a more favorable outcome than those
with high ones. These biomarkers could be easily implemented in
routine practice, which may be explored as a paradigm for
physicians in the treatment decision.
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